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SIP2022 PROGRAMME AT A GlANCE (TIMES ARE UTC+02:00)

Day 1 — Monday 1st August
00h00 – 23h59
00h00 – 23h59

Contributed Papers on Vimeo
Posters to view at leisure 

13h00 – 14h50 OPENING CEREMONy

Welcome address
Founder’s lecture
Awardee Presentations
 ` Mauro E. Martignoni Student Award
 ` Chris J. Lomer Memorial Award

14h50 – 15h00 Break

15h00 – 17h00 Plenary Session

Microbial biopesticides in lower and middle 
income countries: success, needs and challenges

17h00 – 17h15 Break

17h15 – 17h45 Q & A Sessions

Bacteria 1
Microbial Control 1
Viruses 1

17h45 – 18h00 Break

18h00 – 18h30 Q & A Sessions

Fungi 1
Nematodes 1
Viruses 2

Day 2 — Tuesday 2nd August
00h00 – 23h59
00h00 – 23h59

Contributed Papers on Vimeo
Posters to view at leisure 

13h00 – 13h15 House keeping

13h15 – 13h45 Q & A Sessions

Bacteria 2
Microsporidia 1
Viruses 3

13h45 – 14h00 Break

14h00 – 16h00 Microbial Control Division Symposium

The future is bright for biocontrol

16h00 – 16h15 Break

16h15 – 16h45 Q & A Sessions

Fungi 2
Microbial Control 2
Microsporidia 2

16h45 – 17h00 Break

17h00 – 19h00 Nematode Division Symposium

Entomopathogenic nematodes signalling and 
behavioural ecology translates into improved 
sustainable insect management

19h00 – 19h15 Break

19h15 – 19h45 Q & A Sessions

Fungi 3
Nematodes 2
Viruses 4

Day 3 — Wednesday 3rd August
00h00 – 23h59
00h00 – 23h59

Contributed Papers on Vimeo
Posters to view at leisure 

13h00 – 13h15 House keeping

13h15 – 13h45 Q & A Sessions

Bacteria 3
Diseases of Beneficial Invertebrates 1
Microbial Control 3

13h45 – 14h00 Break

14h00 – 16h00 Virus Division Symposium

The insect virome – from sequence detection to 
classification

16h00 – 16h15 Break

16h15 – 16h45 Q & A Sessions

Fungi 4
Nematodes 3
Viruses 5

16h45 – 17h00 Break

17h00 – 19h00 Bacteria Division Symposium

Bacterial insecticide proteins and fall armyworm 
control

Day 4 — Thursday 4th August
00h00 – 23h59
00h00 – 23h59

Contributed Papers on Vimeo
Posters to view at leisure 

13h00 – 13h15 House keeping

13h15 – 13h45 Q & A Sessions

Bacteria 4
Microbial Control 4
Viruses 6

13h45 – 14h00 Break

14h00 – 16h00 Microsporidia Division Symposium

Microsporidia diversity & interaction with hosts

16h00 – 16h30 Break

16h30 – 17h30 SIP Business Meeting

17h30 – 18h30 MEETING ClOSE
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FINANCIAl SUPPORT

The following companies are thanked sincerely for their generous financial support for the Society of 
Invertebrate Pathology and for the SIP2022 meeting.
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CONNECTING TO PRESENTATIONS AND SESSIONS

All live events are scheduled on South African time = UTC+2

For this second virtual SIP meeting, participants will have access to four types of media:

1 – “live symposia” on a dedicated Zoom platform

Indicated in green below

2 - Contributed oral presentations, available for pre-viewing on the VIMEO platform

Indicated in orange below (presenters name followed by “O”)

3 - Contributed posters on the meeting website

Also indicated in orange below (presenters name followed by “P”)

4 -  Topical live Q & A sessions to discuss groups of contributed oral and poster presentations in separate rooms 
from the same Zoom platform 

As above

Student presenter’s name followed by “STU”.

Only registered participants will be able to attend these events and all platforms will be password protected.

To access live events, SIP participants need to first register on Zoom.
( You may need to download the latest version of Zoom - you can do it now from here:  
https://zoom.us/download?zcid=1231)

FROM MONDAy 25 JUly
Contributed oral and poster presentations will be made available to registered participants for early view from the 
conference website, as soon as they are posted.

Login information will be communicated by mail to all participants. Links to all platforms will be made available in the 
programme on the SIP2022 website (www.sip2022.com). This will be done once presentations have been uploaded 
for viewing.

https://zoom.us/download?zcid=1231
http://www.sip2022.com
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Detailed Programme
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Day 1 – Monday 1st August
00h00 – 23h59
00h00 – 23h59

Contributed Papers on Vimeo
Posters to view at leisure 

13h00 – 14h50 OPENING CEREMONy

13h00 – 13h10 Welcoming address

13h10 – 14h10 Founder’s lecture
Introduction – Neil Crickmore
Honouree – Lerry Lacey
Lecturer – Mark Goettel

14h10 – 15h00 Awardee Presentations
 � Introduction – Vera Ros
 � Mauro E. Martignoni Student Award
 � Insect pest control from lab to field: The complexity of mixed pathogen interactions - 

Pauline Deschodt, Brandon Dang, Jessi Li and Jenny Cory
 � Chris J. Lomer Memorial Award

Entomopathogenic nematodes isolated from white grubs (Coleoptera: Scarabaeidae) in 
South Africa - Agil Katumanyane, Bernard Slippers, Mesfin Wondafrash, Antoinette Malan 
and Brett Hurley

14h50 – 15h00 Break

15h00 – 17h00 PlENARy SESSION

Microbial biopesticides in lower and middle income countries: success, needs and challenges
Chair: Sean Moore

15h00 – 15h30 Microbial biopesticides in South and Central America countries: success, needs and 
challenges - Italo Delalibera Júnior

15h30 – 16h00 Managing Fall Armyworm with baculovirus in Asia and Australia, case studies from 
selected countries - Shachi Gurumayum and Philip Armytage

16h00 – 16h30 Microbial biopesticides use in sub-Saharan and North Africa: success, needs and 
challenges - Sunday Ekesi, Komivi Akutse, Fathiya Khamis, Saliou Niassy, Thomas Dubois, 
Subramanian Sevgan and Nguya Maniania

16h30 – 17h00 Biological control in South Africa – successes, challenges and opportunities -  
Sean Thackeray and Sean Moore

17h00 – 17h15 Break

17h15 – 17h45 Q & A SESSIONS

Bacteria 1
Moderator: Luca Ruiu

Best_O Investigating the structure and activity of the mosquitocidal protein Tpp80Aa1 - Hannah Best, Lainey Williamson, 
Emyr Lloyd-Evans, Pierre Rizkallah and Colin Berry

Clarke_O_STU Characterization of Wolbachia sp. Infecting the Citrus Greening Disease Vector, Diaphorina citri, in the Caribbean -  
Sasha-Kay Clarke and Sherline Brown

Heath_P_STU Establishing the role of glycans and lipids in the mechanisms of Tpp1/Tpp2 (Bin) toxin in target insect and cancer 
cells - Emily Heath, Hannah Best, Helen Waller-Evans, Emyr Lloyd-Evans and Colin Berry

Hernández-Martínez_O The secret of HD1success: Why it can control effectively S. exigua larvae? - Patricia Hernández-Martínez, Ayda 
Khorramnejad and Baltasar Escriche

Liu_O_STU Investigation of the gut microbiome of fall armyworm (Spodoptera frugiperda) and entomopathogenic fungal-induced 
pathobiome - Yao-Chia Liu and Yu-Shin Nai

Mugo-Kamiri_O_STU Influence of diet and antibiotics on growth of insects and diversity of active and inactive microbiota in laboratory 
reared Spodoptera exigua (Hübner) - Loretta Mugo-Kamiri, Loretta Mugo-Kamiri, Ben Raymond and Elisabeth 
Herniou
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Terrelonge_O_STU Exploring Jamaican Actinomycetes as Potential Producers of Novel Antimicrobial Compounds – Eleanor Terrelonge 
and Sherline Brown 

Williamson_P_STU Using serial femtosecond crystallography to solve the structures of pesticidal proteins from natural crystals -  
Lainey Williamson, Marina Galchenkova, Hannah Best, Emily Heath, Richard Bean, et al.

Microbial Control 1
Moderator: Edith Ladurner

Garcia Riaño_O_STU Insecticidal metabolites produced by M. robertsii during microsclerotia formation - Lorena Garcia Riaño, Gloria 
Barrera, Leonardo Hernandez and Laura Villamizar

Gotti_P_STU Are Metarhizium spp. blastospores produced under osmotic stress more virulent than conidia? - Isabella Gotti and 
Italo Delalibera Jr

Iwanicki_P Comparative transcriptomics of growth metabolism and virulence reveal distinct morphogenic profiles of yeast-like 
phases and hyphae in the fungus Metarhizium rileyi - Natasha Iwanicki, Italo Delalibera Jr, Lana de Carvalho, Jørgen 
Eilenberg and Henrik De Fine Licht

Lira_P_STU Metarhizium spp. microsclerotia for maize seed coating: biostimulant of plants and management of the fall 
armyworm, Spodoptera frugiperda - Aline de Lira, Gabriel Mascarin and Italo Delalibera Jr 

Silva_P Production of Purpureocillium lilacinum and Pochonia chlamydosporia by Submerged Liquid Fermentation and 
Bioactivity against Tetranychus urticae and Heterodera glycines through Seed Inoculation - Daniela Silva, Victor de 
Souza, Rafael de Andrade Moral, Italo Delalibera Jr and Gabriel Mascarin

Spescha_O_STU Biological Control: Fighting below ground insect pests with entomopathogenic Pseudomonas bacteria, nematodes 
and fungi - Anna Spescha, Mathias Hess, Joana Weibel, Aurélie Moix, Lara Wyser, et al.

Tahriri Adabi_O Investigation of combined entomopathogens against winter climbing cutworms, Noctua comes and Abagrotis orbis - 
Sepideh Tahriri Adabi, Michelle Franklin and Deborah Henderson

Viruses 1
Moderator: Adly Abd-Alla

Federici_O Ascoviruses evolved by breaking through the limits of Iridovirus transmissions - Brian Federici and Yves Bigot

Harrison_P Determination and analysis of the genome of a new lymantriine alphabaculovirus from the brown tussock moth, 
Olene mendosa Hübner - Robert Harrison and Daniel Rowley

Hikida_O Baculovirus infection disrupts host tissue identity in middle silk glands of Bombyx mori - Hiroyuki Hikida and Susumu 
Katsuma

Mengual-Martí _O_STU Effect of covert infection by an RNA virus on Spodoptera exigua physiology and multitrophic interactions -  
Adrià Mengual-Martí, María Martínez-Solís; Chaymaa Riahi, Víctor Flors, Alberto Urbaneja, et al. 

Motta_P_STU Bioinformatics Characterization of Baculovirus Nuclear Localization Signals - Alesia Pelosi, Lucas Motta, Mariano 
Belaich and Carolina Cerrudo

Van Es_O_STU Small extracellular vesicles secreted by Spodoptera frugiperda can incorporate baculovirus glycoprotein GP64 -  
Lex Van Es, David Carter, Linda King and Robert Possee

Wandeler_O Population effect of the Phthorimaea operculella granulovirus product Tutavir - Heiri Wandeler, Heidi Widmer and 
Louis Sutter

17h45 – 18h00 Break

18h00 – 18h30 Q & A SESSIONS

Fungi 1
Moderator: Stefan Jaronski

Agbessenou_O_STU Trichoderma asperellum M2RT4 endophytically-vaccinated tomato plant induces the systemic release of methyl 
salicylate and (Z)-jasmone affecting host location and herbivory of Tuta absoluta - Ayaovi Agbessenou, Komivi 
Akutse, Abdullahi Yusuf and Fathiya Khamis

Arnoldi_O Methods for inoculating citrus rootstock cultivars with Beauveria bassiana as an entomopathogenic fungal endophyte 
- Marco Arnoldi, Laura Muschweck, Emily Duren, Pasco Avery and Lorenzo Rossi

Hollabaugh_O_STU Evaluating the Endophytic and Saprophytic Influence of Beauveria bassiana in Soil and Kudzu on its 
Entomopathogenic Presence in Kudzu Bug, Megacopta cribraria in East Tennessee - Kassie Hollabaugh, Jerome 
Grant and Bonnie Ownley

Moreno_P_STU Endophytic and epiphytic persistence of Beauveria bassiana in different host plants - Sara Moreno, Camila Costa 
Moreira and Italo Delalibera Jr

Sheng_O_STU Metarhizium robertsii is a multifunctional insect pathogen and plant growth promoter - Huiyu Sheng and Raymond 
St. Leger
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Nematodes 1
Moderator: TBA

Claasen_P_STU The in vitro liquid mass production of a South African isolate of the entomopathogenic nematode, Heterorhabditis 
bacteriophora - Nicholle Claasen, Murray Dunn and Antoinette Malan

Dunn_O_STU Development of cost-effective media for the in vitro liquid culture of entomopathogenic nematodes - Murray Dunn, 
Prasanna Belur and Antoinette Malan

Malan_O Is the colour change of an entomopathogenic nematode-infected-Galleria mellonella larvae important? - Elzaan 
Booysen, Antoinette Malan and Leon Dicks

Ramakrishnan_O_STU Changing paradigm in formulations for entomopathogenic nematodes foliar applications: What to expect? - 
Jayashree Ramakrishnan, Guy Mechrez, Itamar Glazer and Dana Ment

Ruiu_O Entomopathogenic role of a non-core Pseudomonas protegens strain associated with Steinernema feltiae -  
Luca Ruiu, Maria Marche, Maria Mura, Eustachio Tarasco

Schlesinger_P_STU High-concentration formulation of entomopathogenic nematodes, using cellulose - Subrina Schlesinger, Murray 
Dunn and Antoinette Malan

Stock_O Role of Xenorhabdus symbionts in the production and regulation of Steinernema Venom Proteins - Emilie Lefoulon 
and Patricia Stock

Viruses 2
Moderator: Elisabeth Herniou

Abdalla_O Impact of Silver Nanoparticles on Salivary Gland Hypertrophy Virus infection in Glossina morsitans morsitans - 
Jasmin Ismail, Carlos Claramonte, Mohamed Shaalan and Adly Abd-Alla

Clem_O1 Biological factors contributing to individual titer variation in Aedes aegypti mosquitoes infected with Sindbis virus - 
Peter Hodoameda, Linus Addae and Rollie Clem

Clem_O2 Expression of the pro-apoptotic protein Reaper via the structural ORF of Sindbis virus negatively impacts 
establishment of infection in Aedes aegypti - Alexis Carpenter and Rollie Clem

Hernández-Pelegrín_O_
STU

Beyond viral detection: multitrophic effects of covert viral infections on medfly - Luis Hernandez-Pelegri, Ricardo 
García-Martínez, Elena Llácer, Lorena Nieves, Ángel Llopis-Giménez, et al.

Marshall_O Independent RPA assay confirms PCR results for distribution of OrNV among Oryctes rhinoceros in the Pacific 
islands - Sean Marshall, Sandeep Gupta, Nicola Richards, Mitchell Weston, Ela Sawicka, et al.

Mirieri_P_STU Evaluating the effect of irradiation on the titres of two RNA viruses in Glossina morsitans morsitans - Caroline Mirieri, 
Vera Ros, Adly Abd-Alla and Monique van Oers

Onodera_O_STU Expression of Parasitoid Killing Factors using Escherichia coli and baculovirus expression system - Taku Onodera 
and Madoka Nakai

Pienaar_O_STU A developing story of reared black soldier flies, Hermetia illucens, and their virome - Robert Pienaar, Adly Abd-Alla, 
Frank Krupa, Salvador Herrero and Elisabeth Herniou

Day 2 – Tuesday 2nd August
00h00 – 23h59
00h00 – 23h59

Contributed Papers on Vimeo
Posters to view at leisure 

13h00 – 13h15 House keeping

13h15 – 13h45 Q & A SESSIONS

Bacteria 2
Moderator: Maria Alejandra Bravo de la Parra

Bel_P Search for nematocidal genes in four collections of wild Bacillus thuringiensis strains - Yolanda Bel, Miguel Andres-
Antón and Baltasar Escriche 

Cao_O_STU Crystal structure of Cry78Aa, a novel protein from Bacillus thuringiensis, implies a new insecticidal activity on rice 
planthopper - Beibei Cao, Yangfan Nie, Zeyuan Guan, Chuanyu Chen, Nancong Wang, et al.

Cotto_O_STU Roles of candidate Bt receptors in susceptibility of Trichoplusia ni to Bt toxin Cry1Ac - Rey Cotto, E. Shao, X. Yang, 
and P. Wang

Heckel_O Origin of a retrotransposon causing Cry1Ac resistance - David Heckel
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Lázaro-Berenguer-O_
STU

Structural and functional role of Domain I for the insecticidal activity of the Vip3Aa protein from Bacillus thuringiensis 
- Maria Lázaro-Berenguer, Francisco Paredes-Martínez, Yolanda Bel, Rafael Núñez-Ramírez, Ernesto Arias-Palomo, 
et al.

Toledo_P Insight into Cry1Aa mode of action through Cry1Aa protein mutants - Dafne Toledo, Yolanda Bel and Baltasar 
Escriche

Wang P_O Resistance of cabbage loopers to Bt toxin Cry1F and to Cry1Ac+Cry1F cotton plants - Wendy Kain, Rey Cotto and 
Ping Wang 

Microsporidia 1
Moderators: Jinyong Zhang & Yuliya Sokolova

Bao_O Bombyx mori Hemocytin Facilitates Host Immune Responses against Nosema bombycis - Jialing Bao, Wenjia Ni, 
Tian Li, Jie Chen, Guoqing Pan and Zeyang Zhou

Bessette_O_STU Microsporidia and protist parasites: an important future threat to the insect rearing industry - Edourd Bessette 

Li_O_STU Gene expression profiling of Nosema ceranae during its infection of honeybee (Apis mellifera) and impacts of Bidens 
pilosa phytogenic (BP) treatment - Yi-Hsuan Li, Zih-Ting Chang, Ming-Ren Yen, Yu-Feng Huang, Tzu-Han Chen, et al.

Steele_P_STU Effects of temperature on larval development, alkaloid production and microsporidiosis in the two-spotted lady 
beetle, Adalia bipunctata L. (Coleoptera: Coccinellidae) - Thomas Steele, Robert Singer and Susan Bjørnson

Viruses 3
Moderator: Holly Popham

Amari_O_STU Adoxophyes honmai nucleopolyhedrovirus resistant population does not have cross resistance against 
Choristoneura diversana nucleopolyhedrovirus - Mai Amari, Jun Takatsuka and Madoka Nakai

Backhouse_P_STU Designing a novel, repressible system for the downregulation of native virus genes through modification of the late 
chitinase gene promoter - Victoria Backhouse, Robert Possee and Linda King

Bennett_O_STU Genetic analysis and field application of a UV-tolerant strain of CrleGV for improved control of Thaumatotibia 
leucotreta - Tahnee Bennett, Martin Hill, Sean Moore, Michael Jukes, Caroline Knox and Gill Dealtry

Coffman_O Host range of a parasitoid wasp is correlated with host susceptibility to its mutualistic viral symbiont -  
Kelsey Coffman, Angela Kauwe, Natalie Gillette, Scott Geib, and Gaelen Burke

Jukes_O Development and optimisation of a qPCR assay for the enumeration of Cryptophlebia leucotreta granulovirus 
(CrleGV) used for commercial applications - Thuthula Mela, Michael Jukes, Caroline Knox, Sean Moore and Martin 
Hill 

Knox_O Investigating baculovirus synergism for improved management of false codling moth, Thaumatotibia leucotreta, in the 
field - David Taylor, Martin Hill, Sean Moore, Caroline Knox and Michael Jukes 

Lloyd_O_STU Unravelling the mystery of covert baculovirus infections - Melissa Lloyd, Vera Ros and Salvador Herrero 

Yamauchi_O_STU Elucidation of infection route of OrNV in Oryctes rhinoceros - Mayuho Yamauchi, Christopher Kitalong and Madoka 
Nakai 

13h45 – 14h00 Break

14h00 – 16h00 MICROBIAl CONTROl DIVISION SyMPOSIUM

The future is bright for biocontrol
Roma Gwynn

14h00 – 14h30 Rethinking pest and pesticide management for sustainability - Mark Davis

14h30 – 15h00 What led to the successful large-scale adoption of biocontrol in Brazil? -  
Italo Delalibera Júnior

15h00 – 15h30 Exploring the role of biocontrol technologies in the agroecosystem model for food 
production - Roma Gwynn 

15h30 – 16h00 Fail fast to succeed - Chad Keyser

16h00 – 16h15 Break
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16h15 – 16h45 Q & A SESSIONS

Fungi 2
Moderator: TBA

Akutse_O Potential of combining mycoinsecticides with promising native parasitoids for sustainable management of fall 
armyworm (Spodoptera frugiperda) in Kenya - Junitor Chepkemoi, Ken Fening, Felicitas Ambele and Komivi Akutse

Fetter_P Production of Metarhizium rileyi microsclerotia under different carbon and nitrogen ratios - Isabela Fetter, Camila 
Costa Moreira, Gabriel Mascarin and Italo Delalibera Jr

Guimapi_O The effect of climate variability in the efficacy of the entomopathogenic fungus Metarhizium acridum against the 
desert locust Schistocerca gregaria - Samuel Kamga, Frank Ndjomatchoua, Ritter Guimapi, Ingeborg Klingen, 
Clément Tchawoua, et al. 

Jeong_O_STU Comparative cultural analyses of Beauveria bassiana JEF-350 between liquid and solid culture - Yujin Jeong, Soeun 
Park, Yeram Im, Insoo Jeon, Yulim Park, et al.

Pagani_O_STU Evaluating granular formulations of Beauveria bassiana for the management of wireworms (Coleoptera: Elateridae) in 
potatoes - Mika Pagani, Thomas Kuhar and Stefan Jaronski

Microbial Control 2
Moderator: Nina Jenkins

Carrasco-Baeza_O_STU Field evaluation of PxNPV-LBIV-11 Baculovirus and Bacillus thuringiensis strains against Plutella xylostella larvae in 
broccoli Brassica oleracea var. Italica - Victor Manuel Carrasco-Baeza, Luis Pérez-Moreno, Carlos García-Munguía, 
Jorge Ibarra-Rendón and María Cristina Del Rincón-Castro

Escriche_P UV and temperature protection of Bacillus thuringiensis insecticidal protein Cry1Ab after nanoencapsulation - Elham 
Jalali, Yolanda Bel, Ayda Khorramnejad, Shahab Maghsoudi, Ebrahim Noroozian and Baltasar Escriche 

Hussain_O_STU Developing a sustainable infection strategy for the biological control of fall armyworm, Spodoptera frugiperda, in 
Africa - Ahmed Hussain, Xian Long, Jörg Wennmann, Georg Goergen and Vera Ros

Mathulwe_O_STU Management of insect pests, Pseudococcus viburni (Hemiptera: Pseudococcidae) and Eriosoma lanigerum 
(Hemiptera: Aphididae) using entomopathogenic fungi - Letodi Mathulwe, Antoinette Malan and Nomakholwa 
Stokwe

Mushore_O_STU Entomopathogenic fungi associated with cultivated Honeybush fields in South Africa and their pathogenicity towards 
the leaf hopper Molopopterus sp. - Tapiwa Mushore, Candice Coombes and Martin Hill

Microsporidia 2
Moderators: Jie Chen & Regina Kleespies

Kleespies_P Oak Processionary Moth (Thaumetopoea processionea): A survey of its natural microbial antagonists in Germany - 
Regina Kleespies, Ute Koch, Paula Halbig and Horst Delb

Sokolova_P Microsporidia in trematodes: ultrastructure and molecular characterization of a new species of Unikaryon from 
Probolocorphe lanceolata (Microphallidae) metacercarial cysts recovered from fiddler crabs Minuca rapax in Florida 
coast - Yuliya Sokolova, Viatcheslav Dolgikh, Nancy Smith and Richard Heard

Trzebny_P_STU Seasonal dynamics of microsporidian infections in mosquitoes (Culicidae) - Artur Trzebny and Miroslawa Dabert

Wang_P Nucleospora hippocampi n. sp., an Intranuclear Microsporidian Infecting the Seahorse Hippocampus erectus From 
China - Yuan Wang, Na Ying, Yanqing Huang, Xiong Zou, Xin Liu, et al.

Wei_O Microsporidia Chitin Synthase as a Target for Antimicrosporidial Drugs Screening - Junhong Wei, Zhihui Fei, Guoqing 
Pan and Zeyang Zhou

Wu_O_STU Comparative proteomic analysis hints a whole down-regulation of lipid metabolism in hepatopancreas of Litopenaeus 
vannamei with light and heavy infection by Enterocytozoon hepatopenaei - Wu Yujiao, Chen Jie, Liao Guoli, Hu 
Mengjiao, Zhang Qing, et al.

16h45 – 17h00 Break
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17h00 – 19h00 NEMATODE DIVISION SyMPOSIUM

Entomopathogenic nematodes signalling and behavioural ecology translates into improved 
sustainable insect management
Ivan Hiltpold & David Shapiro-Ilan

17h00 – 17h20 Cracking the communication code: the role of semiochemicals in entomopathogenic 
nematode behaviour - Hans Alborn, Allexander Gaffke, David Shapiro-Ilan, Fatma Kaplan, 
Ed Lewis and Paul Schliekelman 

17h20 – 17h40 Entomopathogenic nematodes on the edge: insects fight back! - Ivan Hitpold, Scott 
Johnson, Ben Moore and Duncan Brown 

17h40 – 18h00 Dynamics of entomopathogenic nematode foraging and infectivity in microgravity - 
Fatma Kaplan, David Shapiro-Ilan and Karl Cameron Schiller

18h00 – 18h20 The artificial selection process using an odor cue increases the efficacy of the 
entomopathogen nematode Steinernema australe against Aegorhinus superciliosus 
(Coleoptera: Curculionidae) in berry orchards - Patricia Navarro, Rubén Palma-Millanao, 
Ricardo Ceballos and Almendra Monje

18h20 – 18h40 The use of pheromones to improve efficacy of entomopathogenic nematodes -  
David Shapiro-Ilan, Fatma Kaplan, Ed Lewis, Hans Alborn and Paul Schliekelman

18h40 – 19h00 General Discussion

19h00 – 19h15 Break

19h15 – 19h45 Q & A SESSIONS

Fungi 3
Moderator: Michelle Guererro

Bielski_O_STU Management of hatching spotted lanternfly (Lycorma delicatula) with overwintering applications of Beauveria 
bassiana - Jason Bielski, Stefan Jaronski and Doug Pfeiffer

Jeon_O_STU Development of entomopathogenic fungal library with insecticidal activity against Spodoptera frugiperda -  
In Soo Jeon, So Eun Park, Ye Ram Im, Yu Jin Jeong, Yu Lim Park, et al.

Jones_O_STU Diversity of fungal entomopathogens of Gonipterus sp. 2 in South African Eucalyptus plantations - Marizanne Jones, 
Neriman Yilmaz, Brett Hurley, Bernard Slippers and Michelle Schröder

Lauer_O_STU Pathogenicity of Metarhizium isolates on preimaginal life stages of Bactrocera tryoni (Froggatt) (Diptera: Tephritidae) - 
Madita Lauer, Aimee McKinnon and John Paul Cunningham

Nel_O Entomopathogens tested for their efficacy against the invasive polyphagous shot hole borer, Euwallacea fornicates - 
Wilma Nel, Bernard Slippers, Michael Wingfield, Neriman Yilmaz and Brett Hurley

Park S_O_STU Beauveria bassiana sensu lato JEF-410 in management of poultry red mite, Dermanyssus gallinae (Mesostigmata: 
Dermanyssidae) - So-Eun Park, Yeram Im, Insoo Jeon, Yulim Park, Yujin Jeong, et al.

Vallamizar_P Insecticidal activity of new Metarhizium isolates against different populations of CRB larvae from Papua New Guinea 
and Solomon Islands - Laura Villamizar, Alphonse Luange, Katayo Sagata, Paul Gende and Helen Tsatsia

Nematodes 2
Moderator: TBA

Eshetu_P_STU Variation in the reproduction of the biological control nematode Deladenus siricidicola on Amylostereum areolatum 
strains - Firehiwot Eshetu, Irene Barnes, Helen Nahrung, Katrin Fitza and Bernard Slippers

Fitza_O Characterising Deladenus (Rhabditida, Nematoda) species associated with Siricidae in North America from preserved 
specimens - Katrin Fitza, Jeremy Allison, and Bernard Slippers

Lephoto_O Oscheius basothovii entomopathogenic nematodes isolated from South Africa: Potential biological control agents - 
Tiisetso Lephoto 

Mabena_O_STU Characterisation of new entomopathogenic nematodes and their symbiotic bacteria - Nokuthula Mabena and 
Tiisetso Lephoto

Maushe_P_STU Is entomopathogenic nematode susceptibility to benzoxazinoids due to activation of the benzoxazinoid bomb? - 
Dorothy Maushe, Vera Ogi, Lucie Kesnerova, Xi Zhang, Matthias Erb, et al.
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Ogi_O_STU Genomics of plant toxin resistance in entomopathogenic nematodes - Vera Ogi, Dorothy Maushe, Lucie Kesnerova, 
Xi Zhang, Stefan Grob, et al.

Venter_O_STU The genetics of the interactions between the invasive forest pest, Sirex noctilio and its biocontrol agent, Deladenus 
siricidicola - Sumari Venter, Alisa Postma, Tuan Duong, Zorada Swart, Sophie Makua, et al.

Viruses 4
Moderator: Kayvan Etebari

Burgess_O_STU An ancient member of the Nimaviridae infects an invasive amphipod in the United Kingdom - Amy Burgess, Natalya 
Yutin, Eugene Koonin and Jamie Bojko

Etebari_P Novel Insect Virus Discovery in Two Major Root Feeding Pests of Sugarcane in Australia - Kayvan Etebari and 
Michael Furlong

Gasque_O_STU Unraveling how viruses enter caterpillar brains to further understand virus-induced hyperactivity - Simone Gasque, 
Dorothy van Leeuwen, Yue Han, Alexander Haverkamp, Monique van Oers and Vera Ros

Leobold_O Genomes of “Filamentous Viruses” Infecting Parasitic Wasps reveals a New Large dsDNA Virus Family - Benjamin 
Guinet, Matthieu Leobold, Jean-Michel Drezen, Elisabeth Herniou, Julien Varaldi and Annie Bézier

Ogilvie_O_STU Interactions between the Lepidopteran gut microbiome and baculoviruses - Danielle Ogilvie and Jenny Cory

Petersen_O_STU Fantastic nudiviruses and where to find them: Current phylogeny and degenerate primer design for Nudiviridae 
screening - Jirka Petersen, Annie Bézier, Jean-Michel Drezen and Monique van Oers

Rodriguez_P_STU Recombinant SpfrGV chitin-binding proteins enhance the insecticidal activity of SfMNPV-ColA - Kewin Rodriguez, 
Andrea Lovera, Mariano Belaich, Carolina Cerrudo and Gloria Barrera

Vu_P_STU Virus Discovery in the Small Hive Beetle, Aethina tumida - Emily Vu, Sijun Liu, Adam Dolezal and Bryony Bonning

Day 3 – Wednesday 3rd August
00h00 – 23h59
00h00 – 23h59

Contributed Papers on Vimeo
Posters to view at leisure 

13h00 – 13h15 House keeping

13h15 – 13h45 Q & A SESSIONS

Bacteria 3
Moderator: Juan Luis Jurat-Fuentes

Hamze_O_STU Safety of an entomopathogenic Pseudomonas protegens strain for the green lacewing Chrysoperla carnea -  
Rim Hamze, Maria Tiziana Nuvoli, Carolina Pirino and Luca Ruiu

Li_O_STU Toxin-antitoxin system MazEF cooperates with transcription factor PlcR to promote Bacillus thuringiensis infection - 
Fanling Li, Zhiyu Liu, Yunjie Xu, Liting Wan, Lixu Li, et al.

Palma_O Bto_UnVm, a novel Bacillus toyonensis strain showing an extraordinary insecticidal-like gene repertory - Diego 
Sauka, Tadeo Fernández-Göbel, Federico Ocampo, Colin Berry, Eleodoro Eduardo Del Valle and Leopoldo Palma

Palma_P Genome characterization of the novel Photorhabdus sp. Strain p32 isolated in Argentina from Galleria mellonella 
larvae - Jorge Zimmermann, Leopoldo Palma, Federico Acosta, Laureano Frizzo and Eleodoro Eduardo Del Valle

Tavares_P_STU Toxicity of Mpp51Aa1 to nymph and adult Asian citrus psyllid - Clebson Tavares and Bryony Bonning

Upfold_O_STU En garde: is the gut microbiota playing an important role in immune priming? - Jennifer Upfold, Agnes Réjasse, 
Christina Nielsen-Leroux, Annette Bruun-Jensen and Vincent Sanchis-Borja

Zwyssig_O_STU Food envy: Interactions between insect-killing bacteria - Maria Zwyssig, Anna Spescha, Daniela Schoenholzer, 
Adrian Belosevic, Tabea Patt, et al.

Diseases of Beneficial Invertebrates 1
Moderators: Jamie Bojko and Helen Hesketh

Duffield_O Crickets (Gryllodes sigillatus) upregulate multiple immune pathways in response to an active viral infection -  
Kristin Duffield, Bert Foquet, John Hunt, Ben Sadd, Scott Sakaluk and José Ramirez

Herren_O_STU Impact of elevated CO2 on fungal and bacterial entomopathogens of Tenebrio molitor - Herren Pascal, Savio 
Carlotta, Dunn Alison, Meyling Nicolai and Hesketh Helen

Huditz_O_STU Protection or harm? New RNA viruses infecting Glossina morsitans morsitans - Hannah-Isadora Huditz, Irene Meki, 
Anton Strunov, René van der Vlugt, Henry Kariithi, et al.
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Lim_O_STU Detection of a densovirus in mass reared Tenebrio molitor using Nanopore metagenomics sequencing -  
Fang Shiang Lim, Joel González Cabrera, Johannes Jehle and Jörg Wennmann

Mama Sambo_O_STU Interactions between entomopathogenic fungus Metarhizium anisopliae ICIPE 20 and the endoparasitoid 
Dolichogenidea gelechiidivoris for effective suppression of the tomato leafminer, Tuta absoluta -  
Sahadatou Mama Sambo, Komivi Akutse, Samira Mohamed, Hannalene du Plessis and Shepard Ndlela

Pienaar_P_STU Keeping an eye open for viral infections: developing viral surveillance for black soldier flies, Hermetia illucens - 
Robert Pienaar, Salvador Herrero, Frank Krupa, Adly Abd-Alla and Elisabeth Herniou

Savio_O_STU Probiotics impact on Tenebrio molitor performance, microbial composition and pathogen infection - Savio Carlotta, 
Herren Pascal, Agnès Rejasse, Annette Bruun Jensen, Joop van Loon and Christina Nielsen-Leroux

Microbial Control 3
Moderator: Deborah Henderson

Antara_O_STU Development of effective formulation of entomopathogenic fungi to overcome environmental stress - Nushrat Antara, 
Alicia Lawrence and Dietrich Stephan

Dearlove_O How to get more for your money; exploiting interactions of a fungi and a chemical for pest control - Eleanor Dearlove, 
Dave Chandler, Claus Svendsen, Steve Edgington, Gareth Martin, Shaun Berry and Helen Hesketh

Garcia_P Enzymatic extract from Trichoderma harzianum broth to enhance insecticidal activity of Beauveria bassiana against 
Diatraea saccharalis - Cindy Mejía, Eddy Bautista, Lorena García, Leyanis Mesa, Juan Carlos Barrios and Gloria 
Barrera

Ladurner_O Microbial control of woolly apple aphid (Eriosoma lanigerum) with Beauveria bassiana strain ATCC 74040 -  
Edith Ladurner, Mauro Piergiacomi, Massimo Benuzzi and Sergio Franceschini

Muskat_P_STU Biobased superabsorbents for improved sporulation of the entomopathogenic fungus Pandora sp. nov. 
(ARSEF13372) under non-saturated humidity conditions - Linda Muskat, Britta Kais, Jürgen Gross and Anant Patel

Pedrazzini_O_STU Population structure of Beauveria species and their host Melolontha melolontha - Chiara Pedrazzini, Hermann 
Strasser, Stephen Rehner, Rolf Holderegger, Franco Widmer and Jürg Enkerli

13h45 – 14h00 Break

14h00 – 16h00 VIRUS DIVISION SyMPOSIUM

The insect virome – from sequence detection to classification
Adly Abd-Alla

14h00 – 14h30 The insect virome - Bryony Bonning 

14h30 – 15h00 Metatranscriptome analysis of sympatric bee species identifies bee virus variants and 
a new virus, Andrena associated bee virus-1 - Katie Daughenbaugh, Idan Kahnonitch, 
Charles Carey, Alexander McMenami, Tanner Wiegand, Tal Erez, Naama Arkin, Brian Ross, 
Blake Wiedenheft, Asaf Sadeh, Nor Chejanovsk, Yael Mandelik and Michelle Flenniken

15h00 – 15h30 Metagenomic viruses: Classification of viruses known only from high-throughput 
sequence data - Robert Harrison

15h30 – 16h00 Viral metagenomics for large scale sanitory control of insect mass rearing - Doriane 
Mutuel, Aymeric Antoine-Lorquin, Sarah Francois, Adly Abd-Alla and Mylène Ogliastro

16h00 – 16h15 Break

16h15 – 16h45 Q & A SESSIONS

Fungi 4
Moderator: Richard Humber

Im_O_STU Transcriptome change of cotton aphid, Aphis gossypii against entomopathogenic Beauveria bassiana JEF-544 - 
Yeram Im, So-Eun Park, Insoo Jeon, Yulim Park and Yujin Jeong

Nan_O_STU The effect of sleep on host defense to Ma549 in the Drosophila melanogaster Sleep Inbred Panel - Mintong Nan and 
Raymond St. Leger

Nan_P_STU Variation in sleep affects disease outcomes in populations of Drosophila melanogaster - Mintong Nan, Jonathan 
Wang and Raymond St. Leger

Park Y_O_STU Response of fat body from Japanese pine sawyer beetle, Monochamus alternatus to the entomopathogenic fungus, 
Beauveria bassiana ERL836 - Yulim Park, Soeun Park, Yeram Im, Insoo Jeon, Yujin Jeong, et al.

Piña-Torres_O_STU Genome analysis of Metarhizium guizohuense strain HA11-2 - Iván Piña-Torres, Fabiola Dávila-Berumen, Gloria 
González-Hernández, Juan Torres-Guzmán and Israel Padilla-Guerrero 
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Slowik_O_STU Quantification of filamentous growth of entomopathogenic fungi using spectrophotometry for rapid and high-
throughput analysis - Anna Slowik, Steve Sait, Helen Hesketh and Henrik de Fine Licht

Yang_O_STU Controlling of mustard aphid (Lipaphis erysimi Kaltenbach) by entomopathogenic fungi and host immune responses 
to fungal infection - Cheng-Ju Yang and Yu-Shin Nai

Nematodes 3
Moderator: TBA

Daneel_O Field application of entomopathogenic nematodes against Thaumatotibia leucotreta in South African avocado, litchi 
and macadamia orchards - Willem Steyn, Mieke Daneel and Antoinette Malan

du Preez_O_STU Evaluating biologicals for the control of false codling moth (Thaumatotibia leucotreta) in field trials -  
Francois du Preez, Murray Dunn, Antoinette Malan and Pia Addison

Mikaia_P Effect of entomopathogenic nematodes on the Colorado potato beetle, Leptinotarsa decemlineata (Say) in Georgia - 
Nona Mikaia, Irina Khelisupali and ZairaTkhebuchava

Mothapo_P_STU Investigating the potential use of Entomopathogenic nematodes (EPNs) as biological control agent against Tenebrio 
molitor - Maletjema Mothapo and Lephoto Tiisetso

Nyoni_P_STU Experimental evolution in the biocontrol system of Sirex noctilio – Amylostereum areolatum – Deladenus siricidicola - 
Sophie Nyoni, Bernard Slippers and Brett Hurley

Rakubu_O_STU Efficacy, host-finding ability, and application of entomopathogenic nematodes on pupae of Gonipterus sp. 2 - 
Innocent Rakubu, Agil Katumanyane and Brett Hurley 

Ramakuwela_P Entomopathogenic nematodes and plant resistance for the control of sweet potato weevils under field conditions - 
Sinethemba Zulu, Tshima Ramakuwela, David Shapiro-Ilan and Mark Laing 

Tarasco_O Virulence of native and commercial strains of entomopathogenic nematodes to Phthorimaea operculella (Zeller) 
(Lepidoptera, Gelechiidae) - Nikola Grujić, Branimir Nježić and Eustachio Tarasco

Viruses 5
Moderator: Manli Wang

Jackson_O Virus infection has limited spread of coconut rhinoceros beetle (Oryctes rhinoceros) haplotype III in the Pacific Islands 
- Trevor Jackson, Sulav Paudel, Nicola Richards, Sarah Mansfield, Mitchell Weston and Sean Marshall

Mai_O Complete genome sequence of Penaeus vannamei singly enveloped nuclear polyhedrosis virus (PvSNPV) (also 
known as Baculovirus Penaei) revealed it is similar to Nudiviruses than baculoviruses - Hung Nam Mai and Arun Dhar

Morgado_O1 Isolation and characterization of a Chrysodeixes includens nucleopolyhedrovirus with distinct occlusion body 
morphologies - Fabricio da Silva Morgado, Daniela Carrilho de Jesus and Bergmann Morais Ribeiro

Morgado_O2 Isolation and characterization of the cell infection cycle of a Chrysodeixes includens cypovirus -  
Fabricio da Silva Morgado, Daniela Carrilho de Jesus and Bergmann Morais Ribeiro

van der Merwe_P Selection of a UV-resistant isolate of Cryptophlebia peltastica nucleopolyhedrovirus for improved field persistence 
and efficacy against Thaumatotibia leucotreta - Marcel van der Merwe, Michael Jukes, Sean Moore and Martin Hill

Williams_O Properties of SfMNPV occlusion bodies from living and virus-killed larvae of Spodoptera frugiperda (Lepidoptera: 
Noctuidae) - Esbeidy Velasco, Cindy Molina-Ruíz, Juan Gómez-Díaz and Trevor Williams

16h45 – 17h00 Break

17h00 – 19h00 BACTERIA DIVISION SyMPOSIUM

Bacterial insecticide proteins and fall armyworm control
Juan-Luis Jurat-Fuentes & William Moar

17h00 – 17h20 Role of ABCC transporters and cadherin in the mode of action of Bacillus thuringiensis 
Cry1 toxins in the Fall Armyworm - Yutao Xiao, Liu Kaiyu, Minghui Jin, Isabel Gómez, 
Alejandra Bravo and Mario Soberón 

17h20 – 17h40 Current status of Vip3A efficacy against Spodoptera frugiperda in Brazil -  
Betiana Parody, Cristiano Sachs and Douglas Sumerford

17h40 – 18h00 Using insecticidal proteins for control of Fall armyworm (Spodoptera frugiperda) in 
Africa – Johnnie van den Berg

18h00 – 18h20 Progress in Developing and Deploying Insect-resistant and Drought-tolerant Maize 
Through Public-Private Partnership for African Farmers - Sylvester Oikeh, Yoseph 
Beyene, Mark Edge, Kingstone Mashingaidze, Emmanuel Okogbenin and Stephen Mugo 
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18h20 – 18h40 New insecticidal proteins with activity against fall armyworm, Spodoptera frugiperda - 
Mark Nelson

18h40 – 19h00 Two new modified Bacillus thuringiensis (Bt) proteins, Cry1B.868 and Cry1Da_7, with 
activity against fall armyworm (FAW) Spodoptera frugiperda (J.E. Smith) -  
William Moar and Samuel Martinelli 

Day 4 – Thursday 4th August
00h00 – 23h59
00h00 – 23h59

Contributed Papers on Vimeo
Posters to view at leisure 

13h00 – 13h15 House keeping

13h15 – 13h45 Q & A SESSIONS

Bacteria 4
Moderator: Neil Crickmore

Endo_O Models for pore formation of Cry toxin via receptor interactions - Haruka Endo 

Fedrici_O High efficacy of Bacillus thuringiensis evolved through increased parasporal body complexity - Brian Federici

Flanagan_O Engineering Bacillus thuringiensis and Cry5B for practical deworming applications - Kelly Flanagan, Jeff Chicca, 
Nicholas Cazeault, Carli Garceau, Florentina Rus, et al.

Ibarra_O Characterization of a Bacillus thuringiensis strain expressing a Vip protein highly toxic to Spodoptera frugiperda 
(Lepidoptera: Noctuidae) - María Fernanda Vázquez-Ramírez, Jorge Ibarra and Ma. Cristina Del Rincón-Castro

Mondaca_O Novel Bacillus thuringiensis strains against major insect pests in Israel - Lily Mondaca, Dana Ment, Chandrasekehar 
Kottakota, Galit Yehezkel and Zvi Mendel

Verplaetse_O Expression of the Bacillus thuringiensis vip3A insecticidal toxin gene is activated at the onset of stationary phase by 
VipR, an autoregulated transcription factor - Emilie Verplaetse, Haibo Chen, Leyla Slamti and Didier Lereclus

Wang K_O A high resolution and efficient composition vector method for differentiating Bacillus thuringiensis and other Bacillus 
species - Kui Wang, Changlong Shu, Alejandra Bravo, Mario Soberón, Neil Crickmore and Jie Zhang

Wang Z_O Non-apoptotic caspase dependent midgut remodeling defends Bacillus thuringiensis Cry9A protein in Rice stem 
borer - Zeyu Wang, Yanchao Yang, Frédéric Francis and Jie Zhang

Microbial Control 4
Moderators: Patricia Golo

Coombes_O Entomopathogenic fungi and South African citrus pests: past, present, and future - Candice Coombes, Martin Hill 
and Sean Moore

Golo_P The inhibition of dopamine’s cell receptor reduces hemocytes’ phagocytosis and survival of R. microplus ticks 
inoculated with Metarhizium anisopliae - Victória Bório, Thais Corrêa, Laura Meireles, Jéssica Fiorotti, Amanda 
Corval, Mariana Camargo, Vânia Bittencourt and Patricia Golo

Hansen_P_STU Hitchhiking entomopathogenic fungi via lectin binding to entomopathogenic nematodes - Wray Carl Hansen 

Koppenhöfer_O Effect of pyrethroid resistance on the efficacy of entomopathogenic nematodes for annual bluegrass weevil larvae 
control - Albrecht Koppenhöfer, Olga Kostromytska, Ana Luiza Viana de Sousa and Shaohui Wu

Marsberg_O The interaction between a granulovirus and Neem oil for improved control of Thaumatotibia leucotreta -  
Tamryn Marsberg and Sean Moore

Ment_O Management of Entomopathogenic based strategy against the red palm weevil in Israeli date palm plantations - 
Dana Ment, Itamar Glazer, Zvi Mendel, Yaara Livne, Amnon Greenberg, et al.

Viruses 6
Moderator: Hiroyuki Hikida

Drezen_O Chelonus inanitus bracovirus encodes lineage specific proteins and truncated immune IκB-like factors - Alexandra 
Cerqueira de Araujo, Thibaut Josse, Vonick Sibut, Mariko Urabe, Azam Asadullah, et al.

Hu_O Structure Characterization of PIF5 Reveals Essential Role of Intramolecular Interactions for Baculoviral Oral Infectivity 
- Zhiqiang Li, Huanyu Zhang, Zhuorui Li, Yan Fu, Xi Wang, Jiang Li, Kangxiaoya Wang, Zhiying Wang, Tao Zhang, 
Manli Wang, Zhihong Hu and Sheng Cao

Krell_O Autographa californica nucleopolyhedrovirus (AcMNPV) VP80 facilitates the nuclear location of AcMNPV ME53 - 
Emine Özşahin, Éva Nagy, Daniel Doucet and Peter Krell
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Lorenzi_O HzNVorf128-like is a gene of essential function in Microplitis demolitor Bracovirus (MdBV) replication - Ange Lorenzi, 
Gaelen Burke and Michael Strand

Rincón-Castro_O Proteomic analysis of the baculovirus SfNPV-Ar in hemocytes of the fall armyworm Spodoptera frugiperda 
(Lepidoptera: Noctuidae) - Alejandra Sánchez-García, Jonatan Rángel-Núñez and María Cristina Del Rincón-Castro

Zhang_O Ac81 is a Disulfide Isomerase Involved in Baculoviral Disulfide Bond Formation Pathway - Huanyu Zhang, Wenhua 
Kuang, Congcong Fu, Jiang Li, Manli Wang and Zhihong Hu

13h45 – 14h00 Break

14h00 – 16h00 MICROSPORIDIA DIVISION SyMPOSIUM

Microsporidia diversity & interaction with hosts
Yuri Tokarev & Jie Chen

14h00 – 14h20 Microsporidia: a new taxonomic, evolutionary, and ecological synthesis - Jamie Bojko, 
Aaron Reinke, Grant Stentiford, Bryony Williams, Martin Rogers and David Bass

14h20 – 14h40 Overview on Aquatic Microsporidia in China - Jinyong Zhang, Xinhua Liu and Meiqi Weng

14h40 – 15h00 Pathogen-mediated natural and manipulated population collapse in an invasive social 
insect - Edward LeBrun, Melissa Jones, Robert Plowes and Lawrence Gilbert

15h00 – 15h20 The pan-transcriptome of coding and non-coding RNAs and pathogen-host cross-talk 
in Nosema bombycis congenital infection in silkworm embryos and larvae - Zigang 
Shen, Qiong Yang, Tian Li, Peishan Chen, Tangxin Li, Jie Chen, Chunfeng Li, Ping Chen, 
Guoqing Pan and Zeyang Zhou

15h20 – 15h40 The structure, composition and formation of polar tube from microsporidium Nosema 
bombycis - Mengxian Long, Qing Lv, Yuqing Chen, Bingqian Zhou, Hongjie Liao, Guoqing 
Pan and Zeyang Zhou 

15h40 – 16h00 The Siberian moth Dendrolimus superans as a host for microsporidia - Yuri Tokarev, 
Arina Rumiantseva, Aleksandr Ageev, Anastasia Ignatieva, D.S. Kireeva and Vyacheslav 
Martemyanov

16h00 – 16h30 Break

16h30 – 17h30 SIP BUSINESS MEETING

17h30 – 18h30 MEETING ClOSE
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Day 1 – Monday 1st August

13h00 – 14h50 OPENING CEREMONy

Insect pest control from lab to field:  
The complexity of mixed pathogen 

interactions

Pauline S. Deschodt, Brandon Dang, Jessi Li,  
Jenny S. Cory

Department of Biological Sciences, Simon Fraser 
University, 8888 University Dr, Burnaby,  

BC V5A 1S6, Canada
Address for correspondence: pdeschod@sfu.ca

Entomopathogens are part of a diverse group of potential 
control agents. However, new approaches are needed 
to improve their reliability and efficacy in the field. The 
breadth of entomopathogens includes diversity in mode 
of action, target range and transmission potential, which 
could be combined to increase pest management. 
Although our earlier work in controlled laboratory 
conditions showed that nutrition significantly affects host 
survival after mixed pathogen infection, little is known 
about how host plant affects pathogen combinations 
in the field. Using the cabbage looper, Trichoplusia ni, 
its nucleopolyhedrovirus and the generalist fungus, 
Beauveria bassiana, we asked whether mixed infections 
were more effective in controlling the cabbage looper 
and whether this was altered by crop plant (broccoli 
or tomato). Pathogens were applied either alone or in 
combination at ultra-low volume. Twenty-four hours 
post application, T. ni larvae were destructively sampled 
from each plant and reared in the lab to examine the 
level and cause of mortality. Results show that larval 
mortality was comparable between mixed applications 
and TniSNPV alone. Mixed application had a negative 
effect on virus-induced mortality whereas B. bassiana 
was mainly affected by host plant. Our results suggest 
that applying this combination of entomopathogens 
would not be beneficial for pest management.

Entomopathogenic nematodes 
isolated from white grubs (Coleoptera: 

Scarabaeidae) in South Africa

Agil Katumanyane1*, Bernard Slippers2, Mesfin 
Wondafrash1, Antoinette P. Malan3, Brett P. Hurley1

1Department of Zoology and Entomology, Forestry and 
Agricultural Biotechnology Institute (FABI), University 

of Pretoria, Pretoria 0002, South Africa; 2Department of 
Biochemistry, Genetics and Microbiology, Forestry and 
Agricultural Biotechnology Institute (FABI), University 
of Pretoria, Pretoria 0002, South Africa; 3Department 
of Conservation Ecology and Entomology, University 

of Stellenbosch, Private Bag X1, Matieland 7602, 

Stellenbosch, South Africa
Address for correspondence:  

agil.katumanyane@fabi.up.ac.za

White grubs (Coleoptera: Scarabaeidae) are root feeding 
larvae of beetles that are sporadic pests in agriculture 
and can lead to economic damage. The grubs feed 
on the roots of plants, while the adult beetle can bore 
into underground stems, as well as cause defoliation of 
plants. During a survey for white grubs in the KwaZulu-
Natal province in South Africa, sporadic incidence of 
larvae with symptoms of nematode infections were 
detected in wattle and sugarcane plantations. The 
larvae with infection symptoms were isolated, washed 
and put on water traps to collect infective juveniles 
of possible nematode infections. Three species of 
entomopathogenic nematodes (EPNs) were isolated 
from the white grub larvae. These included Oscheius 
myriophila and Steinernema bertusi isolated from 
Maladera sp. 4. and Steinernema fabii isolated from 
Maladera sp. 4., Pegylis sommeri and Schizonchya 
affinis. Limited success in laboratory infections were 
obtained using these EPN species to inoculate white 
grubs and visual observation of field collected grubs 
indicated that most white grubs infected were possibly 
those undergoing moulting. This is the first report of 
such a high diversity of locally occurring EPNs naturally 
associated with white grub species in one region of 
South Africa.

14h50 – 15h00 Break

15h00 – 17h00 PlENARy SESSION

Microbial biopesticides in lower and middle income 
countries: success, needs and challenges

Microbial biopesticides in South and 
Central America countries: successes, 

needs, and challenges

Italo Delalibera Júnior

Department of Entomology and Acarology, Escola 
Superior de Agricultura “Luiz de Queiroz”, University of 
São Paulo (ESALQ-USP), Av. Pádua Dias, 11, C.P. 9, 

Piracicaba, SP CEP 13418-900, Brazil 
Address for correspondence: delalibera@usp.br

The first biological control attempts were recorded 
at the end of the 19th century in South and Central 
America, almost exclusively with exotic parasitoids 
and predators. It was only in the early 70’s that the 
first augmentative use of entomopathogens was 
implemented on a large scale. These regions have an 
arsenal of options for natural enemies due to their rich 
biodiversity. Currently, microbial control fosters the 
transition to more sustainable agriculture in the region. 
The high pest pressure, the large areas, and solid 
agricultural intensification provide diverse opportunities. 

mailto:pdeschod%40sfu.ca?subject=
mailto:agil.katumanyane%40fabi.up.ac.za?subject=
mailto:delalibera%40usp.br?subject=
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Still, the high temperatures and UV light are also critical 
challenges for employing biopesticides in tropical 
regions. The successful use of microbial control 
agents has been amply implemented in Brazil, Cuba, 
and Colombia. South America is projected to have 
the highest worldwide market growth. This scenario 
has already been observed, especially in Brazil, due 
to the entry of biologicals into row crops and cereals, 
but also in countries such as Paraguay, Argentine, and 
Bolivia. Market fractionation has been a feature with the 
entry of many startups and small and medium-sized 
national companies into the plant protection market, 
traditionally dominated by a few multinationals. There 
is great potential to reduce countries’ sovereignty over 
the dependence on chemicals. Global crop protection 
and fertilizer companies are investing in the biocontrol 
market by acquiring successful biocontrol companies, 
particularly those with innovative products but limited 
market access. Microbials will continue to be the 
fasted growth segment, specially bionematicides and 
bioinsecticides. A significant change in recent years 
is the perception by farmers that biopesticides, once 
considered inefficient, are effectively measured by the 
high level of satisfaction. 

Managing Fall Armyworm with baculovirus 
in Asia and Australia, case studies from 

selected countries

Shachi Gurumayum, Philip Armytage

AgBiTech LLC, Fort Worth, TX 76155, USA
Address for correspondence:  
sgurumayum@agbitech.com

Since 2018, AgBiTech has been working relentlessly 
to support the safe and effective management of Fall 
Armyworm (FAW) across multiple countries in Africa and 
South Asia. More recently, AgBiTech has also established 
partnerships in Indonesia, the Philippines, and Vietnam 
to register and commercialise Fawligen, a baculovirus-
based non-toxic, non-hazardous and highly specific 
biological product manufactured at its state-of-the-art 
facility in Fort Worth, Texas. A partnership with CABI 
was also established to evaluate Fawligen and other 
baculoviruses at CABI’s facility in Malaysia. At the same 
time, in response to the incursion and rapid spread 
of FAW in Australia, industry partnered with AgBiTech 
and Government to secure import and Emergency Use 
Permits for Fawligen to provide an IPM tool for Australian 
farmers. This talk will highlight the success stories by 
presenting a few country case studies alongside the 
lessons learnt.

Microbial biopesticides use in sub-Saharan 
and North Africa: successes, needs and 

challenges

Sunday Ekesi1, Komivi Akutse1, Fathiya Khamis1, Saliou 
Niassy1, Thomas Dubois1, Subramanian Sevgan1, 

Nguya K. Maniania2

1International Centre of Insect Physiology and Ecology 
(icipe), PO Box 30772-00100, Nairobi, Kenya;  
2Crop Defenders, 150 Fraser Rd, Leamington,  

ON 48H 4E7, Canada
Address for correspondence: sekesi@icipe.org

In sub-Saharan and North Africa, management of pests 
of economic importance in agriculture and public health 
have relied heavily on the use of synthetic pesticides 
that impact negatively on human and environmental 
health, leading to pest resistance and resurgence. 
The use of microbial biopesticides offers an excellent 
alternative to synthetic pesticides. However, in many 
African countries, these biopesticides are still regulated 
based on protocols designed for synthetic products 
disadvantaging them. Recent policy changes in some 
regions (e.g., Eastern and Southern Africa) has allowed 
for regional harmonization of biopesticide registration. 
Through public-private sector partnerships, several 
commercial products have been developed and are 
available for use in agriculture. For example, three 
products based on Metarhizium anisopliae strains have 
been commercialised and are currently applied on 
>133,000 ha in Africa, with an exponential increase in 
their use. Fewer products are available for use in the 
public health sector compared to the agricultural sector, 
and more research for development (R4D) activities are 
needed in this space. There are huge opportunities in 
developing products that induce systemic resistance 
through endophytic activity, exploring insect symbionts 
for enhanced potency, application strategies that 
combine use of microbials with semio-chemicals through 
autodissemination, spot-sprays, and entomovectoring 
using bees. Uptake of microbial biopesticides should 
further improve through enabling policy environment, 
increased grower, and consumer awareness on 
toxic effects of synthetic pesticides and integrating 
biopesticides with natural products and other IPM tools 
(e.g., parasitoids) across agro-ecologies for better and 
more targeted applications to reduce production costs 
and improve safety.

mailto:sgurumayum%40agbitech.com?subject=
mailto:sekesi%40icipe.org?subject=
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Biological control in South Africa – 
successes, challenges and opportunities

Sean Thackeray1, Sean Moore2,3

1River Bioscience, Fairview House, 66 Ring Road, 
Greenacres, Gqeberha; 2Citrus Research International, 
P.O. Box 5095, Walmer 6065, Gqeberha, South Africa; 
3Centre for Biological Control, Department of Zoology 

and Entomology, Rhodes University, P.O. Box 94, 
Makhanda, 6140, South Africa.

Address for correspondence: sean@riverbio.com

The biological control industry in southern Africa has 
developed significantly over the last 15 years with 
numerous macrobial and microbial based biopesticides 
available for use by agricultural producers within the 
region. A key driver of the adoption of biopesticides is the 
large number of exports of fresh produce from the region 
to Europe and the USA with receiving market and retailer 
requirements providing strict food safety requirements. 
Although growers are adopting more sustainable type 
products, there are a few key challenges that make the 
effective use of pathogen based biopesticides difficult 
for the end user. Aspects such as field persistence, 
coverage and viable cost per application are real 
problems that must be addressed going forward, not 
once products are in the commercialisation stage, 
but rather when the active substance or organism is 
identified as a potential commercial candidate. Although 
the regulatory landscape creates rather significant 
barriers to entry, the low cost of production within 
the region coupled with multiple research institutions 
innovating in this space, the future is very promising for 
the continuous development of microbial pathogens as 
a major contributor to sustainable agriculture and the 
local bioeconomy.

17h00 – 17h15 Break

17h15 – 17h45 Q & A SESSIONS

Bacteria 1
Moderator: Luca Ruiu

Investigating the structure and activity of 
the mosquitocidal protein Tpp80Aa1

Hannah L. Best1, Lainey J. Williamson1,  
Emyr Lloyd-Evans1, Pierre J. Rizkallah2, Colin Berry1

1School of Biosciences, Cardiff University, UK;  
2School of Medicine, Cardiff University, UK

Address for correspondence: besth@cardiff.ac.uk

Tpp80Aa1 (formally Cry80Aa1) is a recently identified 
mosquitocidal protein produced by Bacillus thuringiensis 
(Bt). Previous work has reported activity against third 
instar Culex pipiens pallens larvae, a species which 
transmit several diseases including West Nile virus 

and avian malaria. The emergence of resistance to 
the most utilised mosquitocidal Bt toxins in the field 
(Tpp1/Tpp2) demands the need for the discovery and 
characterisation of new toxins that can be used alone or 
in a synergistic approach. Here we used crystallography 
to determine the structure of Tpp80Aa1. The diffraction 
data (2.0A) reveals the presence of a homodimer, with 
each monomer containing an N-terminal Ricin_B lectin 
domain and a C-terminal Toxin_10 domain. Furthermore, 
we demonstrate an expanded range of activity against 
species Anopheles gambiae and Aedes aegypti and 
visualise Tpp80Aa1 midgut binding. We also use 
mosquito cell lines to investigate Tpp80Aa1 mechanism 
of action via lectin and lipid binding assays.

Characterization of Wolbachia sp. Infecting 
the Citrus Greening Disease Vector, 

Diaphorina citri, in the Caribbean

Sasha-Kay Clarke1 and Sherline Brown1

1The University of the West Indies, Department of Basic 
Medical Sciences, Biochemistry Section,  

Kingston, Jamaica
Address for correspondence:  
sashakayclarke@yahoo.com

Wolbachia is an ubiquitous, maternally inherited, 
obligate intracellular microbe, commonly found in 
arthropods. In addition, as a reproductive parasite in 
insect hosts, manipulating the reproductive system to 
ensure their own survival, Wolbachia is favoured as a 
biological control agent for economically significant 
insect pests. Due to its ability to be transmitted 
maternally, it can also be involved in speciation, therefore 
assessing this obligate bacteria can give insight into 
the genetic diversity of its insect host. Interests in its 
characterization within its insect host is therefore 
increasing. This study characterized the Wolbachia sp. 
infecting the Asian citrus psyllid, Diaphorina citri, vector 
of the globally devastating citrus greening disease. The 
wsp gene along with multilocus sequence typing (MLST) 
was used to identify the genetic variations present in 
the Wolbachia sp. infecting D. citri from six different 
Caribbean countries. Assessment of the wsp gene along 
with four MLST gene sequences (hcpA, fbpA, gatB and 
ftsZ) highlighted that all the Wolbachia sp. were found 
to be species specific and belonged to Wolbachia 
Supergroup B. From the Caribbean countries in study, 
three wsp variants were found using the wsp gene and 
its four hypervariable regions. The four MLST genes 
showed eight different MLST profiles present. Grouping 
the wsp variants and the MLST profiles highlighted 
that nine different genetic variations of Wolbachia sp. 
are infecting D. citri within the Caribbean. The genetic 
diversity of Wolbachia sp. was greater in the Greater 
Antilles than in the Lesser Antilles.

mailto:sean%40riverbio.com?subject=
mailto:besth%40cardiff.ac.uk?subject=
mailto:sashakayclarke%40yahoo.com?subject=
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Establishing the role of glycans and lipids 
in the mechanisms of Tpp1/Tpp2 (Bin) 
toxin in target insect and cancer cells

Emily A. Heath1, Hannah L. Best1, Helen Waller-Evans2,  
Emyr Lloyd-Evans1, Colin Berry1

1School of Biosciences, Cardiff University; 2Medicines 
Discovery Institute, Cardiff University

Address for correspondence: Berry@cardiff.ac.uk;  
Presenting author email: HeathEA@cardiff.ac.uk

Tpp1/Tpp2 (formerly BinA/BinB) toxin is a two-part 
(binary) toxin of the toxin_10 family composed of 
Tpp1 and Tpp2 which, combined, target the larvae 
of Culex and Anopheles mosquitoes. In addition to 
toxicity against target insect larvae and cells, Tpp1/
Tpp2 toxicity against a range of cancer cells has also 
been reported even in the absence of the putative Bin 
receptor (Cqm1). Previous studies, with invertebrate-
active pore forming toxins (Cry5B and Cry14A), have 
identified that glycan moieties can mediate toxicity 
through facilitating toxin/receptor binding, and indeed 
some works suggests Tpp1 may also have the ability to 
interact with L-fucose, L-arabinose, and glycoproteins. 
We have investigated the roles of lipids and glycans in 
Tpp1 and Tpp2 toxin binding and efficacy in various 
insect and cancer cell lines – with a focus on its known 
target species, Culex quinquefasciatus and HepG2 
cancer cells against which toxicity has previously been 
reported. Preliminary findings indicate Tpp1/Tpp2 
does not interact with sugars previously associated 
with toxicity in other insecticidal proteins (e.g GalNAc, 
GlcNAc). Initial studies using total lipid extracts from 
C. quinquefasciatus cells and multiple cancer cell lines 
suggest Tpp1 and Tpp2 bind several lower phase lipids 
(simple glyco and other non-polar lipids). Early work 
has shown that there are differences in the lipid profiles 
between the target insect cells and across multiple 
cancer cell lines tested. Differences in the lipid profiles 
in cells may be an important determinant of Tpp1 and 
Tpp2 binding. Future work will focus on identifying the 
profile of these bound lipids and establishing their role 
in toxicity. 

The secret of hD1success: Why it can 
control effectively S. exigua larvae?

Patricia Hernández-Martínez1, Ayda Khorramnejad1,2,  
Baltasar Escriche1

1Institute of Biotchenology and Biomedicine 
(BIOTECMED), Department of Genetics, Universitat de 
València, Burjassot, Spain; 2Department of Biology and 

Biotechnology, University of Pavia, Pavia, Italy
Address for correspondence: patricia.hernandez@uv.es

Bacillus thuringiensis (Bt) produces different types of 
insecticidal proteins during both the vegetative and 

the sporulation phases. Moreover, each insecticidal 
protein type has a different level of toxicity against a 
specific insect species. Indeed, the specificity between 
the insecticidal protein and various insect groups is 
fundamental to plan protection strategies for insect 
control with Bt. The insecticidal potency of HD-1 strain, 
as an industrial Bt strain used in Dipel bio-insecticide, 
was early attributed to the proteins present in the 
crystal. However, Spodoptera exigua neonates were not 
susceptible to most of the proteins present in the crystal. 
Later works suggested that the insecticidal activity of 
HD-1 may be due to the synergistic relationships between 
crystal components and other virulence factors present 
in spores. Recently, it has been reported that Vip3Aa 
protein is not only secreted to the cultured medium but 
can be also retained in the mother cell compartment. 
Here, we assess whether Vip3Aa is secreted or by 
contrast is retained in the spores or attached to the 
crystals. The contribution of the retained Vip3Aa for the 
insect pathogenicity of HD-1 strain towards S. exigua 
was assesed. Compared with the spores and crystals 
mixture, the solubilized proteins from HD1 were 90-fold 
times less toxic to S. exigua. The addition of Vip3Aa 
increased the toxicity of solubilized HD1 proteins more 
than 80-fold against S. exigua. These results point out 
that part of the insecticidal activity of HD-1 against S. 
exigua is due to the presence of Vip3Aa in the spores.

Investigation of the gut microbiome of 
fall armyworm (Spodoptera frugiperda) 
and entomopathogenic fungal-induced 

pathobiome

Yao-Chia Liu1, Yu-Shin Nai1
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University, NO. 145, Xingda Rd., South Dist.,  

Taichung City 402, Taiwan
Address for correspondence: b10527042@gmail.com

Gut microflora influences the development and 
physiology of insects, including Insect growth, 
detoxification, pathogens resistance, etc. Hence, the 
gut microflora could be considered one of the impact 
factors in biocontrol. Several studies have shown that 
“pathobiome” of the gut may disrupt the ecological 
stabilization and lead to disease status. Therefore, 
it may accelerate the infection of biocontrol agents. 
In this study, the gut bacterial microbiome of fall 
armyworm (FAW) in the cornfield- and laboratory-reared 
populations were unraveled and compared based on the 
16S metagenomics sequencing technology. Besides, 
the change of FAW gut bacterial microbiome by the 
infection of entomopathogenic fungi (EPF) was also 
evaluated. The results indicated that the gut bacteria 
composition does not resemble between the two 
populations. And the alpha and beta diversity suggest 
that the diversity of gut bacteria in the field population of 
FAW is higher than the laboratory one, stating the roles 
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of diet and environment do contribute to the influence 
of gut microbiome. The EPF-infected FAW have shown 
dissimilar gut bacteria composition in the alpha and 
beta diversity, compared with non-infected ones in 
the two populations. Moreover, the shorter LT50 was 
also found in the infected laboratory FAW population, 
indicating that the gut bacteria of low diversity (mock 
pathobiome) would accelerate the time for killing FAW 
by the EPF. Our results revealed that the gut microbiome 
composition of FAW was influenced by environment, 
diet, and pathogen infection. Further isolation of 
potential bacteria after EPF-infection could be applied 
to the pathobionts-induced concept for biocontrol.

Influence of diet and antibiotics on growth 
of insects and diversity of active and 

inactive microbiota in laboratory reared 
Spodoptera exigua (hübner)

Loretta Mugo-Kamiri1,2, Ben Raymond2, Elisabeth 
Herniou1
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Address for correspondence:  
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Diet contributes essential nutrients and gut microbiota 
for the growth and survival of insect colonies but 
antibiotics routinely used in mass rearing, have an 
effect on these. In this study, Spodoptera exigua was 
reared on two artificial diets, alfalfa and wheat germ 
based in the presence and absence of Streptomycin 
sulphate antibiotic. Overall, the colony performed 
better in alfalfa diet. Absence of antibiotics increased 
moth oviposition period and significantly reduced wing 
malformation in alfalfa diet, while antibiotic presence 
favored growth rate in alfalfa and survival in wheat 
germ diets. Microbial diversity analysis show that the 
phyla Firmicutes, Proteobacteria and Actinobacteriota 
dominate the S. exigua gut microbiota in both diets, 
however, there was a diet-induced variation at the 
genus level with a higher proportion of Enterococcus 
in wheat germ fed insects. Interestingly, Enterococcus 
also made up the highest proportion of metabolically 
active gut bacteria in both diets. Presence of antibiotic 
reduced the abundance of the Genus Enterococcus but 
increased Sporolactobacillus, Bacillus and Escherichia-
Shigella. These results suggest there is a diet-microbiota 
interaction and a selective effect of antibiotic that affects 
growth of S. exigua and a deeper understanding of 
these interactions would be useful for the insect rearing 
industry.

Exploring Jamaican Actinomycetes as 
Potential Producers of Novel Antimicrobial 

Compounds

Eleanor Terrelonge1 and Sherline Brown1

1The University of the West Indies, Department of Basic 
Medical Sciences, Biochemistry Section,  

Kingston, Jamaica
Address for correspondence: eleanorterrelonge@gmail.

com

Over two-thirds of clinically useful antimicrobial 
compounds have been isolated from actinomycetes, 
a ubiquitous group of soil-dwelling bacteria. As new 
antibiotic-resistant pathogens pose a significant risk to 
the medical community worldwide, the development of 
new antibiotics has become a matter of necessity and 
urgency. Jamaican actinomycetes remain an untapped 
potential source of not only novel antimicrobial 
compounds, but pesticidal compounds as well and a 
complete profile of the diversity of actinomycetes in 
Jamaican soil is an important first step in uncovering the 
potential of these bacteria. This study takes advantage 
of multiple screening mechanisms to identify the most 
likely antibiotic producers among actinomycete strains 
isolated from soil samples in 5 parishes across Jamaica. 
Antibiotic-resistance screening, 16S rRNA sequencing 
and rep-PCR were conducted to characterize the 
actinomycete strains isolated. Initial culturing of the 
soil samples resulted in the isolation of 225 microbes, 
which were narrowed down to 88 distinct strains using 
rep-PCR. Various actinomycete species were identified, 
including Streptomyces and Arthrobacter, as well as 
other soil-dwelling genera like Novosphingobium. 
Thirty-five isolates showed antimicrobial activity against 
Gram-positive or Gram-negative bacteria, including 
an ampicillin-resistant strain of E. coli. This indicates 
the likelihood of some Jamaican actinomycetes being 
broad-spectrum antibiotic producers, and reaffirms 
the need for a full exploratory profile of actinomycete 
species found in Jamaica.

Using serial femtosecond crystallography 
to solve the structures of pesticidal 

proteins from natural crystals 

Lainey J. Williamson1, Marina Galchenkova2, Hannah 
L. Best1, Emily A. Heath1, Richard J. Bean3, Anna 

Munke2, Salah Awel2, Gisel Pena2, Juraj Knoska2, Robin 
Schubert3, Katerina Doerner3, Emyr Lloyd-Evans1, 

Maite Villanueva4, Joana Valerio3, Marco Kloos3, Marcin 
Sikorski3, Grant Mills3, Johan Bieleki3, Henry Kirkwood3, 

Chan Kim3, Raphael de Wijn3, Kristina Lorenzen3, 
P. Lourdu Xavier2,5, Aida Rahmani2, Luca Gelisio2, 

Oleksandr Yefanov2, Adrian P. Mancuso3,6, Henry N. 
Chapman2,7,8, Pierre J. Rizkallah9, Dominik Oberthür3, 

Primitivo Caballero4, Neil Crickmore10, and Colin Berry1
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Bacillus thuringiensis and Lysinibacillus sphaericus 
produce several classes of structurally diverse pesticidal 
proteins, many of which are produced naturally as 
crystalline inclusions. While some protein structures 
are available, many are uncharacterised, particularly 
in the protoxin forms. In addition, there is currently a 
limited understanding surrounding the mechanism of 
natural crystallisation and the processes contributing 
to subsequent dissolution. Here, we utilised serial 
femtosecond crystallography (SFX) at the European 
X-ray free electron laser (XFEL) facility to determine the 
structures of insecticidal proteins from natural crystals 
isolated from spores. SFX relies upon high intensity 
X-ray pulses of several femtosecond duration. The use 
of a liquid microjet enables the delivery of a stream of 
nanocrystals into the XFEL beam, where diffraction 
data are collected in a serial fashion before structural 
information is lost due to radiation damage. Megahertz 
repetition rates enabled high throughput-data collection, 
whilst innovative use of the nano-focus option allowed 
tuning of the X-ray focus to match the size of the 
natural crystals. SFX was employed to solve structures 
including Tpp49Aa1 and two forms of Cry8Ba2, a Cry 
toxin synthesised in long protoxin form (134 kDa). The 
Cry8Ba2 structure sheds light on the arrangement of Cry 
toxins into natural crystals. This work paves the way for 
further investigations on the structure and dynamics of 
bacterial insecticides, with the goal of developing better 
and greener insecticides for agricultural pest-control.

Microbial Control 1
Moderator: Edith Ladurner

Insecticidal metabolites produced by M. 
robertsii during microsclerotia formation

Lorena Garcia Riaño1, Gloria Patricia Barrera1, Leonardo 
Castellanos Hernandez2, Laura Fernanda Villamizar3
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Microsclerotia (MS) are considered the most promising 
fungal propagules to be included as active ingredient 
in mycoinsecticide due to their potential to produce 
infective conidia under suitable growth conditions and 
tolerate biotic and abiotic stress. However, the role of 
metabolites produced during MS formation has not been 
studied. In this this work, we evaluated the insecticidal 
activity of extracts from the culture broth were 
microsclerotia of M. robertsii Mt004 were produced. The 
MS production was carried out in a culture medium with 
C:N ratio of 55:1. The yield reached 2.04x103 MS/mL 
after 20 days of fermentation and MS-derived conidia 
caused 77.9% mortality of Diatraea saccharalis larvae. 
The fungus-free supernatant was extracted with organic 
solvents (EtOAc:DCM 1:1) and different fractions were 
evaluated in a bioassay against D. saccharalis larvae. 
Then, the fungus-free supernatant and its fractions 
with activity were analysed by HPLC-MS/MS. Both the 
cell-free supernatant and the organic fraction caused 
larvae mortality (48%). The data obtained from the mass 
spectrometry analysis of the organic fraction were used 
to build molecular networks using the GNPS platform. 
Majority of compounds in the organic fraction were from 
the cyclodepsipeptide family, suggesting the presence 
of 24 destruxins, including destruxin A, A2 and B, all 
recognized for their insecticidal activity. Therefore, the 
MS and the metabolites released during their formation 
caused insect mortality, suggesting that both resources 
can be exploited to develop new microbial products for 
pest control.

Are Metarhizium spp. blastospores 
produced under osmotic stress more 

virulent than conidia?

Isabella Alice Gotti1,2, Italo Delalibera Junior1
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Biological control agents are a promising tool to reduce 
pest impacts. Entomopathogenic fungi from Metarhizium 
genus, are a valuable tool to manage crop pests. Much 
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progress has been made in production and formulation 
technologies for entomopathogen propagules like conidia 
and blastospores. However, important obstacles remain 
like our incomplete understanding of the biological and 
genetic factors that can make blastospores effective 
propagules for the applied biological control in the field. 
Here we investigate the Metarhizium anisopliae and 
Metarhizium rileyi blastospores production on liquid 
fermentation under different concentration of glucose 
and its virulence. The blastospores production in liquid 
fermentation showed that M. rileyi has a different pattern 
when compared to M. anisopliae in the same conditions 
of osmotic stress. While M. anisopliae has a greater 
production of smaller blastospores in osmotic stress 
conditions, M. rileyi seems to develop in a reverse way, 
producing less propagules with a higher cell volume. 
Regarding the virulence, the different Metarhizium 
species acted on Spodoptera frugiperda caterpillars 
also in different ways. The M. anisopliae acted slowly 
and killed less insects while M. rileyi killed more and 
faster. Looking at the different propagules, in general, 
conidia suspensions were more efficient compared to 
the blastospores in both fungi species. These findings 
are closely associated with our hypothesis. Since 
M. rileyi is a specialist in Lepidoptera, more virulence 
was expected. However, analyzing different propagules, 
as blastospores germinate and kill faster than conidia, 
we expected that blastospore were more virulent than 
conidia, but this is not completely true.

Comparative transcriptomics of growth 
metabolism and virulence reveal distinct 

morphogenic profiles of yeast-like  
phases and hyphae in the fungus 

Metarhizium rileyi
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Metarhizium rileyi is an entomopathogenic fungus with 
a narrow host range that distinguishes it from other 
broad host range Metarhizium species. This species 
is also unique for the initial yeast-like growth in solid 
media typically only observed in liquid culture in other 
Metharizium species. In the present work, we first used 
comparative transcriptomic analysis to investigate the 
active genes and genomic signatures of the M. rileyi 
yeast-like morphotypes produced in solid and liquid 

media. Results showed that the yeast-like cells grown in 
a liquid medium activate specific genes related to signal 
transduction and specific membrane transporters. 
Second, we compared the transcriptomic profiles of 
yeast-like phases of M. rileyi with the broad-host-range 
M. anisopliae. The yeast-like phase grown in a solid 
medium activates unique genes not found in other 
Metarhizium spp, including specific membrane proteins 
and several virulence factors. Third, we showed that 
M. rileyi yeast-like cells produced in solid medium infect 
and kill the important insect pest Spodoptera frugiperda 
with comparable efficiency to yeast-like cells produced 
in liquid medium. Comparative transcriptome analyses 
of gene expression showed more differences than 
similarities across M. anisopliae and M. rileyi yeast-like 
cells. Orthologous genes associated with heat shock 
protein, iron permease, membrane proteins, and key 
virulence traits such as collagen-like protein Mcl1 were 
up-regulated in both species. 

Metarhizium spp. microsclerotia for maize 
seed coating: biostimulant of plants 

and management of the fall armyworm, 
Spodoptera frugiperda
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The entomopathogenic fungi Metarhizium spp. are 
able to produce the overwinter propagule know as 
microsclerotia. This propagule has advantages to 
biological control of soil pests, due microsclerotia have 
the ability to sporulate and persist in the environment 
forming as a bank of infective secondary conidia in situ. 
However, there is no consideration of above ground 
pest control by microsclerotia. Hence, was explored 
the produce and the potential of isolates of Metarhizium 
spp. microsclerotia for the maize growth and protection 
against the fall armyworm. Microsclerotia of forty-eight 
isolates of Metarhizium spp. were liquid fermented for 
four days. The three most productive isolates were used 
for maize seeds coated by formulated microsclerotia 
with hydrogel and diatomaceous earth. The conidia 
formed by microsclerotia in the rhizosphere protected 
indirectly plants to attack of fall armyworm and improve 
leaf area, plant and root length and dry weight of maize 
plants compared to un-inoculated plants. The effect of 
Metarhizium spp. microsclerotia in the fall armyworm 
mortality was 55-64% and median survival time (ST50 ) 
was 5-6 days when larvae were fed on leaves plants 
previously inoculated by seed coating. These findings 
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provide a novel strategy to improve the growth and 
protection of maize crops worldwide.

Production of Purpureocillium lilacinum 
and Pochonia chlamydosporia by 

Submerged liquid Fermentation and 
Bioactivity against Tetranychus urticae and 

Heterodera glycines through  
Seed Inoculation
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Pochonia chlamydosporia and Purpureocillium lilacinum 
are fungal bioagents used for the sustainable management 
of plant parasitic nematodes. However, their production 
through submerged liquid fermentation and their use in 
seed treatment have been underexplored. Therefore, 
our goal was to assess the effect of different liquid 
media on the growth of 40 isolates of P. lilacinum and 
two of P. chlamydosporia. The most promising isolates 
tested were assessed for plant growth promotion and 
the control of the two-spotted spider mite (Tetranychus 
urticae) and the soybean cyst nematode (Heterodera 
glycines). Most isolates produced > 108 blastospores 
mL−1 and some isolates produced more than 104 
microsclerotia mL−1. Microsclerotia of selected isolates 
were used to inoculate common bean (Phaseolus 
vulgaris L.) seeds in greenhouse trials. All fungal 
isolates reduced the T. urticae fecundity in inoculated 
plants through seed treatment, while P. chlamydosporia 
ESALQ5406 and P. lilacinum ESALQ2593 decreased 
cyst nematode population. P. lilacinum was more 
frequently detected in soil, whereas P. chlamydosporia 
colonized all plant parts. Pochonia chlamydosporia 
ESALQ5406 improved the root development of bean 
plants. These findings demonstrate the possibility of 
producing submerged propagules of P. chlamydosporia 
and P. lilacinum by liquid culture, and greenhouse trials 
support the applicability of fungal microsclerotia in seed 
treatment to control P. vulgaris pests.

Biological Control: Fighting below ground 
insect pests with entomopathogenic 
Pseudomonas bacteria, nematodes  

and fungi
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Below ground pests are difficult to control because 
either no effective control methods exist or suitable 
insecticides are or will soon be banned due to their 
negative effects on the soil and non-target organisms. 
In this project, we evaluate the potential of a specific 
group of plant-beneficial fluorescent Pseudomonas 
bacteria with entomopathogenic activity for insect 
control. Moreover, we combine these pseudomonads 
with entomopathogentic nematodes and fungi with 
the aim to increase reliability and efficacy of biocontrol 
measures. First, different strains of the three biocontrol 
agents were screened in a simple system against the 
cabbage root fly Delia radicum, an important pest 
in Brassicacean vegetable production. The most 
promising strains were subsequently upscaled and 
combined in greenhouse, semi-field and field trials. 
The single as well as the combined application of the 
three biocontrol agents could reduce pest survival in 
greenhouse experiments, and reduce Delia damage in a 
field trial. Additionally, the different biocontrol agents do 
not inhibit each other’s infectiousness nor the survival 
in soil and on roots. Furthermore, the combinations 
show more consistent results under lab conditions. 
For a successfull application of the combination of the 
three organisms under field conditions, the stepwise 
acquisition of information on their compatibility, 
interaction and the timing of application from the basic 
screening, the greenhouse experiments and the semi-
field trials was essential. We hope to provide new tools 
based on the combined application of beneficial soil 
organisms for the control of an important insect pest in 
organic and conventional vegetable production, which 
may be adapted to other problematic soil pests.
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Investigation of combined 
entomopathogens against winter climbing 

cutworms, Noctua comes and 
Abagrotis orbis
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Wine grape winter climbing cutworms, Noctua comes 
and Abagrotis orbis, feed on growing buds in the 
early spring and cause severe damage to vineyards in 
Okanagan Valley, British Columbia (BC), Canada. Native 
Beauveria bassiana isolates and commercially available 
entomopathogenic nematodes (EPNs), were applied in 
the laboratory against these pests via indirect toxicity 
studies. B. bassiana isolates ISH-189, ISH-190, ISH-
252, and ISH-272 from the coastal area of BC, OK-372 
and OK-373 from the Okanagan region of BC, and one 
tropical isolate, ISH-171, were examined. The EPNs 
comprised Heterorhabditis bacteriophora, Steinernema 
carpocapsae, and S. feltiae. Bioassays were performed 
initially to estimate the efficacy of B. bassiana isolates 
and EPNs at 15°C, the optimal temperature for the 
cutworm’s activity. The most efficient isolates of 
B. bassiana and EPNs were then used in the combined 
applications against the second and fourth instars. At 
15ºC, S. feltiae and B. bassiana isolates OK-373 and 
ISH-252, were the most efficacious, and responsible 
for the highest cutworm mortality. The combination 
experiments using S. feltiae and OK-373, and ISH-
252 reduced the concentrations of EPNs and the 
B. bassiana isolates required to kill the cutworm larvae. 
Nevertheless, fluctuations were observed in interactions 
between S. feltiae and B. bassiana isolates, but most 
interactions appeared to have additive or synergistic 
effects. These results will be used as a foundation for 
our field study, 2022-2024, to apply combinations of 
EPNs, B. bassiana, baculoviruses, and parasitic wasps 
to manage climbing cutworm populations in vineyards.

Viruses 1
Moderator: Adly Abd-Alla

Ascoviruses evolved by breaking through 
the limits of Iridovirus transmission
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Iridoviruses are large, icosahedral DNA viruses 
discovered during the 1950’s in cranefly larvae, and 
later found in many other insects, including larvae of 
beetles, mosquitoes, and lepidopterans. Thus, these 
viruses were generally considered insect viruses. But 
beginning in the 1970’s, species of iridoviruses were 
found in several crustaceans, as well as in vertebrates, 
particularly in various species of fish. These discoveries 
demonstrated iridoviruses had a broader phylogenetic 
distribution, recognized today by their classification into 
five genera in the Family Iridoviridae. Iridoviruses begin 
replicating in the nucleus, which remains intact, but 
most replication occurs in the cytoplasm. Alternatively, 
ascoviruses, are large, typically bacilliform DNA viruses 
initially characterized during the 1980’s, and now 
included in the Family Ascoviridae, which contains two 
genera. To date, most ascoviruses have been found in 
lepidopteran larvae, where transmission occurs on the 
ovipositor of hymenopteran parasitoids. Replication 
begins in the nucleus, but it is lysed, after which the cell 
enlarges greatly, followed by its cleavage into numerous 
viral vesicles that circulate in the hemolymph where 
most virus reproduction occurs. A common feature of 
both insect iridoviruses and ascoviruses is that they are 
difficult to transmit per os, but are highly transmissible 
mechanically through the cuticle when pierced. Thus, in 
this presentation we outline molecular and evolutionary 
changes, such as the shape of virions from icosahedral 
to bacilliform. The latter likely increased adherence of 
ascovirus virions to the ovipositor of their parasitoid 
vectors, thereby favoring rapid evolution and higher 
prevalence than iridoviruses in lepidopteran larval 
populations.

Determination and analysis of the genome 
of a new lymantriine alphabaculovirus from 
the brown tussock moth, Olene mendosa 

hübner
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Occlusion bodies of a presumptive alphabaculovirus were 
recovered from cadavers of larvae of the brown tussock 
moth, Olene mendosa Hübner, during an epizootic in 
Coimbatore, India, in 1973. To further characterize this 
virus, termed Olene mendosa nucleopolyhedrovirus 
isolate 435 (OlmeNPV-435), DNA from an occlusion 
body sample sent to the USDA was isolated and fully 
sequenced. The resulting circular genome-length contig 
extended 142,291 bp with a nucleotide distribution 
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of 53.9% G + C. One hundred and forty-seven ORFs 
were annotated, including the core genes of family 
Baculoviridae and genus Alphabaculovirus, and nine 
homologous regions (hrs) consisting of 30-bp imperfect 
inverted repeats were also identified. Sequence 
comparison and phylogenetic analysis indicated that 
OlmeNPV-435 was most closely related to Lymantria 
xylina multiple nucleopolyhedrovirus-5 (LyxyMNPV-5), 
with an average core gene amino acid sequence identity 
of 94.6% ± 3.57%. The OlmeNPV-435 genome was 
distinguishable from that of LyxyMNPV-5 by inversion 
of a 27 kbp region bound by bro-f (ORF103) and hr6 
in the OlmeNPV-435 sequence. Estimation of pairwise 
Kimura-2-parameter nucleotide distances indicated that 
OlmeNPV-435 should be classified into a new species. 
These findings suggest that OlmeNPV-435 was derived 
from an ancestral Lymantria sp. alphabaculovirus that 
adapted to replication in an Olene host that shared the 
same habitat as its original host. 

Baculovirus infection disrupts host tissue 
identity in middle silk glands of  

Bombyx mori

Hiroyuki Hikida1,2, Susumu Katsuma2
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Graduate School of Agricultural and Life Sciences,  
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Tokyo, 113-8657, Japan
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Lepidopteran nucleopolyhedroviruses infect various 
tissues of host insect larvae and exhibit clear tissue 
tropism. High level of virus propagation is observed 
in fat bodies, trachea, and hemocytes, whereas virus 
propagation is limited in midgut and silk glands. We 
previously reported that deletion of bv/odv-e26 from 
Bombyx mori nucleopolyhedrovirus (BmNPV) results 
in abnormal virus propagation in middle silk glands of 
larval Bombyx mori. However, how this abnormal tissue 
tropism affects host larvae was not examined. Here, we 
investigated transcriptome of the middle part of middle 
silk glands (MSG-Ms) of mock-infected larvae and 
those infected with wildtype and bv/odv-e26-knockout 
BmNPVs. Consistent with the previous report, the 
knockout showed higher level of viral gene expression 
in MSG-Ms than the wildtype. In contrast, expression 
profiles were similar between these two viruses. Host 
gene expression patterns were primarily altered by 
infection. Silk glands are highly differentiated along 
with antero-posterior axis, and each part expresses 
distinct silk protein-encoding genes. In infected MSG-
Ms, sericin1 and some other silk protein-encoding 
genes were downregulated, whereas fibrohexamerin 
which is mainly expressed in other parts of silk glands, 
was upregulated ectopically. The expression patterns 
of silk-related genes in each silk gland are known to 

be regulated by the homeobox genes. antennapedia, 
a major homeobox gene expressed in MSG-Ms, was 
downregulated in infected MSG-Ms. Not all homeobox 
genes were downregulated and some genes maintained 
their expression level during infection. Taken together, 
these results suggested that BmNPV infection partially 
affects gene regulatory network mediated by homeobox 
genes and disrupts host tissue identity. 

Effect of covert infection by an RNA virus 
on Spodoptera exigua physiology and 

multitrophic interactions
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The growing interest for finding new biocontrol agents 
and the easy access to mass sequencing technologies 
have facilitated the discovery of many viruses present 
in insects. Some of these viruses have been described 
to cause covert infections with no evident symptoms. 
Spodoptera exigua iflavirus 1 (SeIV1) is an RNA virus that 
causes covert infections in Spodoptera exigua. This virus 
has been detected in laboratory and field populations. 
However, its lower abundance in field suggests that it 
could be affecting the bioecology of the insect, either 
directly or indirectly. Previously, we have found that 
SeIV1 infections can increase susceptibility to natural 
enemies of S. exigua. In this work, we have explored 
other direct and indirect effects that the virus could be 
causing to its host. Specifically, we have studied different 
aspects that affect the plant response to S. exigua 
herbivory. Our results show that SeIV1 covert infections 
can modulate the herbivory response of the plants. 
Moreover, to identify possible mechanisms involved in 
the manipulation of plant defences, we have examined 
the impact of SeIV1 infections on the gene expression 
in the host gut as well as the possible changes caused 
on the larval oral secretion composition. These results 
provide information about the physiological changes 
induced by the infection with an RNA virus and reveals 
the existence of indirect effects of viral infections on the 
regulation of S. exigua multitrophic interactions in the 
field.
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Bioinformatics Characterization of 
Baculovirus Nuclear localization Signals
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Several baculoviral proteins are essential for viral 
DNA replication and transcription in the cell nucleus, 
necessary to form the nucleocapsids and the PIF 
complex; therefore, these proteins could be imported 
through the nuclear import receptor (importin 
superfamily) using nuclear localization signals (NLSs). 
Despite several baculoviral proteins with NLSs have 
been identified, a better understanding of NLSs from 
baculoviruses is needed, because has not yet been 
identified all the possible signals and pathways to 
the nucleus. In fact, only a few proteins have been 
experimentally characterized and comparatively studied 
in this matter among different viruses. In the search 
for a generic sequential pattern associated with this, 
we performed the study in an iterative scheme, where 
the NLSs of the nine baculoviral proteins (with NLSs 
experimentally characterized), were enriched with the 
corresponding orthologous protein sequences of other 
baculoviruses (through PSIBLAST). For each subset a 
multiple alignment was performed (PSICoffee) and, after 
a manual verification and correction, syntactic patterns 
and sequence logos were made. Finally, we detected 
NLSs in the global baculoviral proteome using the 
ScanProsite and the corresponding NLS patterns. In this 
work we present an update of the current knowledge 
about NLSs from baculovirus proteins and by means of 
a bioinformatics analysis we propose several, general 
and specific, NLS’ patterns. The use of such patterns in 
novel proteomes corresponding to not yet characterized 
species will allow the tentative assignment of functions 
to the hypothetical proteins that have been identified, 
which could be then experimentally evaluated under 
such bioinformatic assumptions.

Small extracellular vesicles secreted by 
Spodoptera frugiperda can incorporate 

baculovirus glycoprotein GP64

Lex J C Van Es1,2, David R F Carter1*, Linda A King1, 
Robert D Possee1,2
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Brookes University, Oxford, UK; 2Oxford Expression 

Technologies Ltd, Oxford, UK
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Address for correspondence:  
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Small extracellular vesicles (sEVs) of mammalian cells 
infected with HIV or herpes simplex virus, among others, 
were found to contain viral proteins and RNA that could 
illicit pro- or antiviral reactions in uninfected cells. It is 
interesting to study if sEVs play a similar role in insect-
virus interactions, which can be studied in baculovirus 
infection of Spodoptera frugiperda (Sf) cells. As the main 
membrane protein of baculovirus, it was expected that 
GP64 would be incorporated in the lipid membrane of 
sEVs. To investigate this, a stable Sf cell line was created 
expressing GP64; SfC1B5-GP64. No protein marker 
of Sf sEVs is known, therefore another stable Sf cell 
line was made expressing the mammalian sEV marker 
protein CD81, fused to eGFP, to aid sEV detection. 
Incorporation of the gp64 gene was confirmed by PCR, 
production of the protein by western blotting. sEVs 
were collected and purified by differential centrifugation 
followed by size exclusion chromatography. GP64 was 
detected in sEVs by western blotting, and found to be 
enriched in sEVs compared to the cells they originated 
from. By immunogold transmission electron microscopy, 
GP64 was visualised on sEVs secreted by SfC1B5 cells 
infected with wild-type baculovirus. Transport of viral 
cargo to uninfected cells can influence immunity and 
susceptibility of the recipient cell. Further experiments 
will focus on characterisation of sEVs secreted by 
Sf cells infected with baculovirus by identification of 
protein content. The impact of the sEVs on the insect 
immune response, specifically on apoptosis and RNAi, 
will be studied as well.

Population effect of the Phthorimaea 
operculella granulovirus product Tutavir

Heiri Wandeler1, Heidi Widmer1, Louis Sutter2
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Baculovirus insecticides have been successfully applied 
in different crop systems for many years. In comparison to 
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other insecticides, Baculoviruses can have a population 
effect in addition to direct damage reduction due to 
their different mode of action. The population effect of 
the PhopGV product Tutavir, a new insecticide against 
the tomato leafminer Tuta absoluta, was investigated 
in a semi-field trial. The question was whether a low-
dose application of Tutavir on tomato plants influences 
the long-term population development. Potted tomato 
plants were placed in cages and pupae of T. absoluta 
were added to each cage. Plants were either treated 
with water in the control treatment or with Tutavir in the 
baculovirus treatment. The first T. absoluta generation 
was treated with the standard dose of Tutavir, whereas 
a reduced dose was applied for the second generation. 
In total, seven randomized replicates per treatment 
were used. The number of adult moths was estimated 
weekly during the experiment and counted at the end. 
Additionally, the number of larvae was counted in 
collected leaflets and the mined area was determined. 
The experiment run over three generations. Due to the 
high reproduction rate, food availability was probably 
limited, especially in the control treatment. Overall, 
a reduction of 27% in the number of larvae per cage 
was observed. Furthermore, the cumulative number of 
adults was significantly reduced by 69% in the Tutavir 
treatment. The results clearly indicate a strong effect 
of Tutavir applied at low dosage on the population 
development of T. absoluta.

17h45 – 18h00 Break

18h00 – 18h30 Q & A SESSIONS

Fungi 1
Moderator: Stefan Jaronski

Trichoderma asperellum M2RT4 
endophytically-vaccinated tomato plant 
induces the systemic release of methyl 

salicylate and (Z)-jasmone affecting host 
location and herbivory of Tuta absoluta
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Fungal endophytes are known to increase plant 
performance through the enhancement of plant 
protection against abiotic and biotic stressors. 
We previously demonstrated that the endophyte 
Trichoderma asperellum M2RT4 improves tomato 
defenses against Tuta absoluta through the reduction of 

oviposition, leafmining, pupation and adult emergence. 
However, the underlying mechanism by which the 
presence of this endophyte within tomato plant affects 
T. absoluta host selection and herbivory is unknown. 
We therefore tested the behavioral responses of 
T. absoluta in Y-tube olfactometer bioassays and 
found that gravid females preferred non-inoculated 
tomato plants against those inoculated by endophytes. 
Chemical analysis revealed the emission of methyl 
salicylate in inoculated tomato plant and an increase 
in the amounts of monoterpenes emitted from non-
inoculated infested plants. Additionally, we found that 
upon herbivory, T. asperellum M2RT4 modulates tomato 
plant chemistry through the production of (Z)-jasmone 
thus activating both salicylic and jasmonic acid defense 
pathways. Further, T. absoluta females were attracted 
to monoterpernes including α-pinene, 2-carene and 
β-phellandrene but repelled by methyl salicylate. (Z)-
jasmone-treated tomato leaflets significantly reduced 
the leafmining activity of the pest at the concentration 
of 10 ng/µL and causing the highest larval mortality 
rate (83%) with the shortest LT50 (1.73 days) seven 
days post-treatment. Trichoderma asperellum M2RT4 
effect on herbivore performance was then (Z)-jasmone-
mediated. These findings expand our understanding of 
how the endophyte T. asperellum M2RT4 could mediate 
chemical interactions between T. absoluta and its host 
plant which are potentially important for development 
of environmentally friendly T. absoluta management 
strategies. 

Methods for inoculating citrus rootstock 
cultivars with Beauveria bassiana as an 

entomopathogenic fungal endophyte

Marco Arnoldi 1, Laura Muschweck 1, Emily B. Duren 2, 
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The citrus industry is challenged by numerous arthropods, 
yet extensive research has not been conducted on the 
potential of entomopathogenic fungal endophytes in 
pest management strategies. Two inoculation methods 
(i.e., soil drench, foliar spray) using a suspension of 
Beauveria bassiana containing 10-7 spores mL-1 in 
0.01% Tween 80 were conducted on 96 (32 per cultivar) 
commercially available citrus rootstocks (i.e., ‘US-942’, 
‘US-812’, ‘Swingle’). Seedlings were grown under 
greenhouse-controlled conditions and morphological 
parameters (i.e., number of leaves, plant height, stem 
girth) were measured over a 7-week observation period. 
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Similarly, a third inoculation method (seed soaking) was 
conducted using 264 seeds (88 per cultivar). The fungus 
was successfully re-isolated post-inoculation from ‘US-
942’ and ‘US-812’ in the foliar spray and seed soaking 
treatments. In addition, the fungus was recovered from 
root tissue in the foliar-sprayed seedlings, suggesting 
systemic colonization. The fungus was not recovered 
from soil drench-treated seedlings nor from any of 
the ‘Swingle’ cultivars. No differences in growth rates 
between treatment and control plants for each variety 
were observed. This study demonstrates the potential 
of B. bassiana to colonize certain citrus rootstocks in 
planta. 

Evaluating the Endophytic and Saprophytic 
Influence of Beauveria bassiana in Soil and 
Kudzu on its Entomopathogenic Presence 
in Kudzu Bug, Megacopta cribraria in East 

Tennessee 

Kassie Hollabaugh, Jerome Grant, Bonnie Ownley
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When kudzu bug, Megacopta cribraria, was identified 
in the U.S. in 2009 as an invasive species, its 
populations began to increase and spread throughout 
the southeastern region at intense rates. Kudzu bug 
invades urban structures, causing unpleasant scenes for 
homeowners, and reduces crop yield, such as soybean. 
Kudzu bug caused about $1,000,000 in soybean yield 
loss and treatment in Tennessee in 2019. Although initial 
invasion was rapid throughout the southeastern U.S., 
kudzu bug population declines have reduced the risk 
of crop damage to growers. These local and regional 
declines appear to be influenced by at least two natural 
enemies, a naturally-occurring entomopathogenic, 
endophytic, and saprophytic fungus, Beauveria 
bassiana, and an accidentally-introduced egg parasitoid, 
Ooencyrtus nezarae. O. nezarae causes 52% mortality in 
kudzu bug eggs and B. bassiana causes about 90% and 
33% mortality in second-generation immature and adult 
kudzu bugs, respectively. Localized population declines 
reduced the number of adult kudzu bugs surviving and 
overwintering by about 97%, which reduces the number 
that can move into new areas locally and regionally. 
Endophytic presence in kudzu increases throughout the 
growing season and colonizes up to 23% of a vine by 
mid-August. Seasonal changes in saprophytic presence 
may influence presence in kudzu and kudzu bug. The 
purpose of this presentation is to provide information 
on distribution and seasonality of B. bassiana in soil 
associated with kudzu and its potential presence in 
kudzu and impact on kudzu bug populations in east 
Tennessee, with implications for the U.S.

Endophytic and epiphytic persistence of 
Beauveria bassiana in different host plants

Sara Giro Moreno1, Camila Costa Moreira1,2,  
Italo Delalibera Junior1
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The entomopathogenic fungus Beauveria bassiana 
is widely used as bioinsecticide to control several 
agricultural pests. It is crucial to explore additional 
effects that this microorganism can provide to plants, 
such as growth promotion and induction of the defense 
system. This study evaluated the success of establishing 
the fungus on the surface of the leaves and in their 
internal tissues after foliar application in soybean, corn, 
and cotton plants. In addition, the persistence time in 
each host species was evaluated. Although there was 
a large decrease in CFU/g (colony formation units 
per gram of leaf) number on the surface 7 days after 
application (92,54% in soybean, 91,19% in corn, and 
92,69% in cotton plants), B. bassiana continues to be 
found in small amounts up to 28 days after application 
in all of the hosts. The fungus was also found in intern 
tissues of the three plant species, which confirms 
its ability to colonize endophytically. Moreover, the 
reduction in CFU/g number over time was softer than 
observed on the surface (59,20% in soybean, 73,77% 
in corn, and 53,00% in cotton plants 7 days after 
application). At last, a different pattern was observed in 
cotton plants, which had an increase in the amount of 
fungus recovered from the internal tissues between 14 
and 28 days of evaluation (from 4.13E+02 ± 4.15E+01 to 
1.06E+03 ± 2.33E+02). The results obtained contribute 
to a multifunctional approach of microorganisms used 
as biological control agents, adding value to the product 
and boosting producers’ adherence of this tool.

Metarhizium robertsii is a multifunctional 
insect pathogen and plant growth 

promoter

Huiyu Sheng, Raymond St. Leger

Department of Entomology, University of Maryland, 
College Park, USA

Address for correspondence: hysheng@umd.edu

Some strains of Metarhizium robertsii (M. robertsii) have 
a dual lifestyle as insect pathogens and plant symbionts. 
They trade nitrogen extracted from their insect hosts 
for plant carbohydrates, thereby boosting plant growth 
as well as their own. This dualism makes M. robertsii a 
useful and tractable model to study insect-plant-
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fungus coevolution. We sequenced the genomes of 
eight M. robertsii strains that represent a range of 
contrasted abilities for colonization of insects and 
plants in order to relate these phenotypic differences 
to their genomic determinants. We found no trade-
offs between pathogenicity to insects and either plant 
endophytic ability or physiological adaptability. The 
early diverged M. robertsii strains are weak to moderate 
insect pathogens, weak plant endophytes and have 
low physiological adaptability, whereas more recently 
diverged strains are more adaptable and better suited 
to various insect and plant environments. Ongoing work 
will identify and characterize the alleles that directly 
affect the mechanisms that underlie differences in insect 
pest control and plant growth promoting phenotypes. 
This will provide training in using genomes as predictive 
tools for estimating biocontrol properties, determine the 
genetic/phenotypic properties required for a biocontrol 
agent to persist and work in the field, and overall 
enhance efforts to optimize application strategies. 

Nematodes 1
Moderators: TBA

The in vitro liquid mass production 
of a South African isolate of the 
entomopathogenic nematode, 
Heterorhabditis bacteriophora

Nicholle J. Claasen, Murray D. Dunn,  
Antoinette P. Malan
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The in vitro liquid mass production of entomopathogenic 
nematodes (EPNs) is a highly advanced biotechnological 
process that is critical to the commercial production of 
EPNs as a biocontrol agent against the soil stages of 
pest insects. Currently, no local EPN product is available 
for commercial use. The complex bacto-helminthic 
relationship that EPNs have with their associated 
bacteria is critical to successful production with high 
yields. Heterorhabditis bacteriophora has shown high 
pathogenicity against a variety of insect soilborne life 
stages, especially against those of false codling moth. 
Heterorhabditis bacteriophora is also the EPN that is 
most found in citrus orchards throughout South Africa. 
A preselected, highly pathogenic South African isolate of 
H. bacteriophora was used for in vitro liquid production, 
by means of establishing monoxenic cultures of the 
nematode, using an egg surface sterilisation technique, 
to ensure the total elimination of contamination. 
Monoxenic cultures of the associated symbiotic 
bacteria were established from 18h-infected Galleria 
mellonella larvae by streaking the haemolymph on 
NBTA agar plates. A successful protocol for producing 

H. bacteriophora in Erlenmeyer flasks, with high yields, 
has been achieved. However, further optimisation, in 
terms of the purity of infective juveniles in a shortened 
life cycle, is still required to reduce production cost and 
to increase yield. Optimisation was achieved via different 
dietary or nutrient medium ingredients, inoculum density 
and timing, as well as adequate oxygen provision. 

Development of cost-effective 
media for the in vitro liquid culture of 

entomopathogenic nematodes
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Steinernema jeffreyense and S. yirgalemense are locally 
occurring South African entomopathogenic nematodes 
(EPNs) that are successful biological control agents 
multiple soil borne insect pests. These EPN isolates are 
easily mass-produced using liquid culture technology. 
To commercialise an EPN- based biopesticide product 
successfully, the method of liquid mass production 
requires in-depth optimisation to reduce the cost 
of production, to increase yields, and to make it 
affordable for local growers and producers. This study 
attempted to optimise the in vitro liquid culture protocol 
for Steinernema jeffreyense and S. yirgalemense, by 
investigating the impact of cheaper medium ingredients 
on the recovery and yield of the liquid culture process. 
Studies were conducted by investigating alternative 
protein, lipid and nitrogen/yeast sources, compared 
to the more expensive laboratory-grade ingredients 
currently used. The results showed that egg yolk has 
no impact on the yield, in the case of S. jeffreyense. 
However, for S. yirgalemense, egg yolk was shown to 
be a superior protein source to soy and insect-based 
protein, in terms of nematode yield. Moreover, neither 
canola oil nor olive oil showed a significant difference 
in the yield of S. yirgalemense, and yeast extract 
was found to be the optimal nitrogen/yeast source. 
When comparing the yields with those in other liquid 
culture research on S. yirgalemense, yields have been 
successfully increased by approximately 300%, and the 
cost of the nematode nutrient medium having decreased 
by 77%. Thus, it is imperative that the nutrient medium 
should be optimised to reduce the cost of production in 
shake flasks.
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Is the colour change of an 
entomopathogenic nematode-infected-

Galleria mellonella larvae important?

Elzaan Booysen1, Antoinette P. Malan 2,  
Leon M.T. Dicks1

1Department of Microbiology, Stellenbosch University, 
Private Bag X1, 7602 Matieland, Stellenbosch, South 

Africa; 2Department of Conservation Ecology and 
Entomology, Stellenbosch University, Private Bag X1, 

7602 Matieland, Stellenbosch, South Africa
Address for correspondence: apm@sun.ac.za

The colour of Galleria mellonella larvae after infection 
with entomopathogenic nematodes (EPNs) is 
generally regarded by biologists and bacteriologists as 
unimportant and untrustworthy. However, G. mellonella 
larvae, shortly after being infected with three different 
strains of Heterorhabditis zealandica, which were 
isolated in proximity of the Western Cape province, 
South African, changed from pale white to steel grey-
blue (blue), bright red, and yellow with a green tint 
(green), respectively. The bacterial symbionts isolated 
from the three strains of H. zealandica was determined 
by means of the 16S rRNA, recA, gyrB, dnaN, gltX 
and infB gene sequences. Comparing the 16S and 
concatenated sequences showed the presence of three 
distinct Photorhabdus species. The H. zealandica strain 
SF41, associated with Photorhabdus heterorhabditis 
subsp. heterorhabditis, produced ‘blue’ G. mellonella 
larvae. The H. zealandica strain MJ2C, associated with 
Photorhabdus thracensis, yielded ‘green’ G. mellonella 
larvae, while the H. zealandica strain LLM associated 
with Photorhabdus laumondii subsp. laumondii yielded 
red larvae. The profound colour changes in G. mellonella 
larvae were ascribed to a specific Photorhabdus 
species associated with H. zealandica. The red and 
‘green’ phenotypes of G. mellonella larvae were found 
to represent new combinations of Heterorhabditis and 
Photorhabdus species. The implications of different 
bacterial associations with the same nematode 
species have a profound impact on biological studies 
on insect pathogenicity. In future descriptions of new 
symbiotic bacteria, the colour of infected G. mellonella 
larvae needs to be reported as a standard phenotypic 
descriptive character.

Changing paradigm in formulations for 
entomopathogenic nematodes foliar 

applications: What to expect?
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Agricultural research organization, Volcani Center, 

Israel; 3Institute of Postharvest and Food Sciences, 
Agricultural research organization,  

Volcani Center, Israel.
Address for correspondence:  
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Formulation technology has been the primordial focus 
to improve the low viability and erratic infectivity 
of entomopathogenic nematodes (EPN) on foliar 
application. Although, formulations improved deposition 
on foliage and survival to a limited extent, there is scope 
of improvement through advanced formulations such as 
Pickering emulsions to elevate the effect of biological 
agents in general and EPN specifically. Thus, we have 
hypothesized that use of functionalized nanoparticles 
in emulsions could be a novel approach to protect 
EPN from the harsh environmental condition imposing 
significant stress to the nematodes following foliar 
application. In previous studies, the focus was merely 
limited to evaluate the formulation effect on nematodes’ 
survival and efficacy. Hence, in this study we expand 
upon these work by evaluating a set of measures used 
to characterize the survival ability of EPN simulating 
on foliar application. The main experimental set-up 
and set of measures included: (1) in-vitro assays to 
measure survival, water loss, trehalose accumulation, 
efficacy and (2) plant bioassays to measure survival 
and efficacy conducted under greenhouse conditions. 
In-vitro monitoring of EPN survival for a period of 24 
h in control (water) and novel Pickering emulsions 
indicate an extension of survival from 0 % control to 
73 (gel) and 54% (titanium) respectively at 52%RH. As 
the rate of water loss from the nematodes is a crucial 
measure determining its survival ability, we utilized FTIR 
to measure the water holding capacity of formulations 
indicative of its protective ability toward EPNs. Foliar 
application on cotton leaves indicated that Pickering 
emulsion gel retained 88% survival in comparison to 
6% survival in control for a period of 4 h at 46% RH. 
Our results also indicate that formulation requirement 
for infectivity has to be pre-established depending on 
the hosts feeding behavior.

Entomopathogenic role of a non-core 
Pseudomonas protegens strain associated 

with Steinernema feltiae

Luca Ruiu*, Maria Giovanna Marche1,  
Maria Elena Mura1, Eustachio Tarasco2

1Dipartimento di Agraria, University of Sassari, Viale 
Italia 39/A, 07100 Sassari, Italy; 2 Dipartimento di 
Scienze del Suolo, della Pianta e degli Alimenti, 

University of Bari ‘Aldo Moro’, Bari, Italy
Address for correspondence: lucaruiu@uniss.it

While the bioinsecticidal action of entomopathogenic 
nematodes (EPNs) typically relies on their symbiosis 
with core bacteria, other non-core species could 
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be involved in pathogenesis. The role of a novel 
Pseudomonas protegens strain isolated as the main 
agent of septicaemia in larvae of the wax moth, Galleria 
mellonella, infected with a soil dwelling Steinernema 
feltiae strain was investigated. The association of 
P. protegens with nematodes appeared to be robust 
and the bacterium appeared to be well-adapted to 
the insect haemocoel, being able to rapidly proliferate 
after the injection of an even small amount of living 
cells (100 CFU) to a larva, causing its fast death. The 
bacterium was also able to act by ingestion against 
G. mellonella larvae (LC50 = 4.0 × 107 CFU/ml), even if  
with a slower action. Specific bioassays showed varying 
levels of bacterial virulence on diverse target Diptera 
and Lepidoptera. P. protegens appears to have evolved 
its own potential as a stand-alone entomopathogen, 
however, the establishment of a stable association with 
entomoparasitic nematodes, would represent a special 
competitive advantage. 

high-concentration formulation of 
entomopathogenic nematodes,  

using cellulose

Subrina Schlesinger, Murray D. Dunn,  
Antoinette P. Malan

Department of Conservation Ecology and Entomology, 
Faculty of AgriScience, Stellenbosch University, Private 

Bag X1, Matieland 7602, Stellenbosch, South Africa
Address for correspondence: subrina@sun.ac.za

Entomopathogenic nematodes (EPNs) are successful 
biological control agents of a variety of soilborne pests. 
Key to their commercial success is the development of 
a formulation protocol that possesses prolonged shelf 
life, without negatively affecting their pathogenicity and 
application methods. Carboxymenthyl cellulose (CMC) 
is an organic, natural polysaccharide compound that 
has negligible environmental and human health-related 
impacts. Although exponential growth has occurred in 
the use of EPNs as a biocontrol agent for insect pests 
in recent years, the cost implications pertaining to the 
production, formulation and storage of EPNs play a huge 
role in establishing their high market value. Although 
significant progress has been made and multiple 
formulation techniques exist, the yet unfulfilled need 
for prolonged shelf life is still a limiting factor in most 
countries. Despite Steinernema yirgalemense having 
displayed successful control of multiple South African 
agricultural insect pests, including false codling moth 
a quarantine pest of citrus, a suitable formulation has 
not yet been developed. However, recent studies have 
largely focused on how to develop and improve high-
quality EPN formulations, with extended storage periods. 
This study assessed the shelf life and pathogenicity 
of a CMC-based, high concentration, formulation for 
S. yirgalemense, a South African EPN isolate. The EPNs 
for this study, which were obtained from in vitro liquid 

mass-produced EPNs and carboxymenthyl cellulose, 
will be further investigated as an alternative option in 
terms of formulation, with the aim of them fulfilling a role 
as an effective biological control agent for application in 
citrus orchards.

Role of Xenorhabdus symbionts in the 
production and regulation of Steinernema 

Venom Proteins

Emilie Lefoulon1, S. Patricia Stock 1,2

1School of Animal and Comparative Biomedical 
Sciences, University of Arizona, Tucson AZ 85721, 

USA; 2College of Agriculture, California State University, 
Chico, CA 95928, USA

Numerous studies have demonstrated that Xenorhabdus 
symbionts play a key role in aiding Steinernema IJs 
invade insect host by producing toxins, virulence factors 
and secondary metabolites. When, IJs invade an insect 
host, they need to escape to host’s encapsulation and 
melanization. Furthermore, it has demonstrated venom 
proteins are released when IJs initiate active parasitism. 
This venom proteins display toxicity in several insect hosts 
even when harvested from aposymbiotic nematodes. 
Our team recently conducted a transcriptomic analysis 
of two Steinernema-Xenorhabdus symbiotic pairs: 
Steinernema carpocapsae-Xenorhabdus nematophila 
and Steinernema puntauvense-Xenorhabdus bovienii. 
Results from this study showed a strong differential 
expression of transcripts homologous to venom 
proteins in IJs depleted of Xenorhabdus. Specifically, 
a general down-regulation of the ubiquitin family was 
denoted for both species, in IJs reared in the absence 
of their symbiont. Additionally, an up-regulation of 
trypsin-like serine protease (TrypSPc) and the trypsin 
inhibitor (TIL) in aposymbiotic S. carpocapsae IJs, 
whereas a down-regulation of the TIL protein was 
denoted in S. puntauvense. The observed contrasting 
variation in the expression of venom proteins in the two 
tested Steinernema species, suggests the mechanisms 
involved in the production and regulation of venom 
proteins may be species-specific. It can also be inferred 
it is an adaptation by the nematodes to compensate for 
the absence of their symbiotic partners.
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Viruses 2
Moderator: Elisabeth Herniou

Impact of Silver Nanoparticles on Salivary 
Gland hypertrophy Virus infection in 

Glossina morsitans morsitans

Jasmin Ismail 1, Carlos Claramonte 1*,  
Mohamed Shaalan 2, Adly M.M. Abd-Alla 1
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Medicine, Cairo University, 12211 Giza, Egypt
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Tsetse flies transmit trypanosomes the causal agent 
of sleeping sickness in humans (Human African 
Trypanosomosis) and nagana in animals (African 
Animal Trypanosomosis) which lead to major health 
and economic problems in Africa. The Sterile Insect 
technique (SIT), a sustainable and environmental-
friendly method to control and eradicate tsetse flies when 
implemented in the frame of area-wide approach. SIT 
requires healthy and competitive sterile males. However, 
mass production of tsetse flies is threatened by covert 
virus infections with the salivary gland hypertrophy virus 
(SGhV) and it can, if not treated, cause the collapse of 
an entire fly colony. Silver nanoparticles (AgNPs) have 
antimicrobial and antiviral properties through blocking 
the attachment and thereby the entrance of the virus 
into the cells and/or by preventing the cell-to-cell 
spread of the virus. Here we evaluate the impact of the 
AgNPs on the SGHV infection in tsetse flies Glossina 
morsitans morsitans (Gmm). Blood meal containing 
different concentrations of AgNPs (75, 150, 300 and 
600 ng/ml were used to assess the impact of AgNPs on 
tsetse mortality and productivity as well as it impacts 
on SGHV densities. The results indicate no significant 
impact of AgNPs on the fly’s mortality and productivities 
in comparison with control group. In addition, no 
significant impact of SGHV infection naturally found in 
Gmm flies was recorded. Further analysis to assess the 
impact of AgNPs on experimental infection with SGHV 
in Gmm is required. 

Biological factors contributing to individual 
titer variation in Aedes aegypti mosquitoes 

infected with Sindbis virus

Peter Hodoameda1, Linus Addae 2, Rollie J. Clem1

1Division of Biology, Kansas State University, 
Manhattan, KS USA 66506; 2Department of Statistics, 
Kansas State University, Manhattan, KS USA 66506

Address for correspondence: rclem@ksu.edu

Development of novel control strategies for management 
of arboviruses is hindered by our incomplete 
understanding of the molecular interactions between 
arboviruses and vectors. Exquisite specificity exists 
regarding which viruses a given mosquito species or 
population can transmit, and often this is attributed 
to genetic differences between vector populations. 
However, even individuals within highly inbred 
laboratory mosquito lines show huge titer variability 
after infection. This extreme individual titer variation, 
typically several logs in magnitude, has long been 
ignored by investigators and so the factors contributing 
to it are unknown. We investigated the biological factors 
which contribute to individual variation in virus titer in 
the mosquito vector Aedes aegypti after Sindbis virus 
infection. Higher titer variability was observed after 
oral infection compared to intrathoracic infection, 
suggesting that the midgut barrier is an important 
tissue contributing to titer variation. Of the other factors 
examined, only incubation period affected titer variability 
after oral infection, with variability decreasing over 
time. None of the other biological factors examined, 
including virus strain, mosquito line, mosquito age, 
mosquito weight, amount of blood mosquito ingested, 
and virus concentration in the blood meal affected 
titer variability. We also observed differences in culture 
adaptability between virus populations collected from 
low and high titer mosquitoes, and differences in the 
ability of these viruses to orally re-infect mosquitoes. 
These observations suggest that founder effects due to 
infection bottlenecks in the midgut may play a role in 
causing the extreme titer variation observed following 
oral infection, although other possible causes also exist.

Expression of the pro-apoptotic protein 
Reaper via the structural ORF of Sindbis 
virus negatively impacts establishment 

of infection in Aedes aegypti

Alexis Carpenter, Rollie J. Clem

Division of Biology, Kansas State University,  
Manhattan, Kansas 66503 USA

Address for correspondence: rclem@ksu.edu

A previous study by our group showed that a version of 
Sindbis virus (SINV) called MRE/rpr that was engineered 
to express the pro-apoptotic Drosophila protein Reaper 
via a duplicated subgenomic promoter was less able to 
establish infection in Aedes aegypti mosquitoes than 
control virus at early timepoints after blood feeding. 
However, the difference between MRE/rpr and control 
virus diminished over time and disappeared by 7 
days post blood meal (dpbm), due to strong negative 
selection against retention of the reaper sequence. The 
goal of this study was to generate a virus that more 
stably expresses Reaper in order to further examine 
the effect of apoptosis on midgut and disseminated 
infection. To do this we inserted the reaper gene as an 
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in-frame fusion into the structural open reading frame 
(ORF) of SINV. This construct, called MRE/rprORF, 
expressed Reaper protein, replicated similarly to MRE/
rpr in BHK21 and C6/36 cells, and induced apoptosis in 
mosquito cell lines and mosquito midguts. Mosquitoes 
fed with MRE/rprORF had less midgut and disseminated 
infection compared to mosquitoes fed with MRE/rpr or 
a control virus up to at least 7 dpbm, when less than 
50% of MRE/rprORF fed mosquitoes had disseminated 
infection, compared with around 80% of mosquitoes 
fed control virus or MRE/rpr. This research provides 
deeper insight into the negative effects of apoptosis on 
the establishment of arbovirus infection in mosquitoes 
and demonstrates that expression via insertion into the 
structural ORF can enhance the stability of genes that 
are subject to negative selection. 

Beyond viral detection: multitrophic effects 
of covert viral infections on medfly
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The Mediterranean fruit fly (medfly) Ceratitis capitata is 
an agricultural pest of a wide range of fruits. With the 
advent of high-throughput sequencing, up to 13 covert 
RNA viruses have been discovered in medfly. Our 
previous analysis demonstrated a wide distribution of 
these viruses in different strains collected worldwide, 
but little is known about the outcomes of the virus-host 
interactions. To shed light to this question we selected 
Ceratitis capitata nora virus (CcaNV), since previous 
studies suggested a correlation between higher CcaNV 
abundance and shorter larval developmental time. We 
orally infected CcaNV-free flies with CcaNV obtained 
from a naturally infected fly strain and we monitored 
pupal weight, adult emergence, flight ability and fertility. 
Our results confirmed the biological cost associated 
with a CcaNV infection in medflies, in terms of a reduced 
pupal weight and adult longevity. Moreover, we tested 
the influence of a CcaNV infection on the parasitism of 

Aganaspis daci, a natural parasite of medfly populations 
which is currently applied for the biocontrol of medflies. 
We observed an increase in the fertility of the wasps 
when parasitism occurred over CcaNV-infected larvae, 
in comparison to CcaNV-free larvae. In conclusion, our 
results proved that covert RNA viruses can directly 
affect their insect host and play a role in multitrophic 
interactions, highlighting the potential influence of covert 
infections in the application of biocontrol strategies.

Independent RPA assay confirms PCR 
results for distribution of OrNV among 

Oryctes rhinoceros in the Pacific islands

Sean Marshall1, Sandeep Gupta 2, Nicola Richards1, 
Mitchell Weston1, Ela Sawicka1, Jeanne Jacobs1,  

Sulav Paudel1, Trevor Jackson1
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Address for correspondence:  
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Coconut rhinoceros beetle (CRB) (Oryctes rhinoceros) is 
a major pest of coconut and oil palm in the Asia/Pacific 
region. Through the last century it was accidentally 
introduced to many Pacific and Indian Ocean islands 
via human transport. In a landmark case for “classical” 
biological control, the Oryctes nudivirus (OrNV) was 
isolated in the pest’s native range (Malaysia) and 
introduced to the affected islands where it spread, 
weakened the beetle populations and became an 
essential part of integrated pest management (IPM). 
Knowledge of the viral status of a population is 
important for IPM decision-making but visual methods 
are time consuming and can be subjective. An objective 
PCR method for the detection of virus in the beetle gut 
was developed, but the sensitivity of PCR means that 
strict protocols must be adhered to in sample collection 
and processing to avoid false positives from cross-
contamination. The PCR method for detection has been 
applied to samples from 10 Pacific Island Countries and 
Territories and differentiates virus-infected from healthy 
insects, confirmed by visual assessment and histology. 
A further independent assessment of virus status was 
made using a Recombinase Polymerase Amplification 
(RPA) assay, an isothermal amplification method, on 
DNA from beetles from populations previously assessed 
by PCR. The results show a high correlation between 
both methods used to identify virus infection and 
thereby confirm that RPA, when carried out under strict 
protocols, can be used to determine virus incidence in 
CRB populations. They further suggest that RPA could 
be a useful technique for rapid in-field assessment.
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Evaluating the effect of irradiation on 
the titres of two RNA viruses in Glossina 

morsitans morsitans
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Tsetse flies are cyclic vectors of Trypanosoma parasites 
that cause debilitating diseases in humans and animals 
(human and animal African trypanosomiasis), resulting 
in morbidity, mortality and food insecurity through loss 
of livestock. To reduce the disease burden, male flies 
are sterilized by irradiation, and released for the sterile 
insect technique (SIT). This procedure requires mass 
rearing of high-quality flies able to compete with wild 
male flies. In the past, mass rearing has been hindered 
by infection of flies with salivary gland hypertrophy virus. 
Recently, two RNA viruses, an iflavirus and a negevirus, 
were discovered in Glossina morsitans morsitans. The 
aim of our study was to evaluate whether their virus 
titres in the insect, would be affected by the irradiation. 
Therefore, we exposed pupae to various doses (0 to 
150 Gy) of ionising (gamma) radiation, either in air or 
under hypoxia, for which oxygen was displaced by 
nitrogen. Pupae and/or emerging flies were collected 
immediately after and at three days post irradiation. 
RNA was extracted and virus titres were quantified by 
RT-qPCR. Generally, the results show that irradiation 
had no significant impact on the titres of these viruses, 
suggesting that the viruses are relatively radiation-
resistant, even at higher doses. Sampling over a longer 
period of time after irradiation would be needed though, 
to make sure that titres of these inherent insect viruses, 
are not changing by the sterilisation treatment.

Expression of Parasitoid Killing Factors 
using Escherichia coli and baculovirus 

expression system

Taku Onodera, Madoka Nakai

Tokyo University of Agriculture and Technology,  
Saiwai, Fuchu, Tokyo, Japan
Address for correspondence:  
s229089w@st.go.tuat.ac.jp

Insect viruses and hymenopteran parasitoid wasps are 
major natural enemies of lepidopteran insects. When 
they infect and parasitize the same host simultaneously, 
those natural enemies often show interspecific 

competition for resources. However, an unusual 
interaction was observed that parasitic wasp Cotesia 
kariyai larvae were killed when they were parasitized their 
host, Mythimna separata larvae infected with Mythimna 
separata entomopoxvirus (MySEV). Those parasitoid 
larvae were killed by Parasitoid Killing Factors (PKFs) 
encoded in MySEV genome. PKFs are encoded in 
various entomopathogenic dsDNA viruses (Ascoviridae, 
Baculoviridae, and Entomopoxvirinae) and some 
lepidopteran insects (Spodoptera, Helicoverpa and 
Heliothis). Multiple PKFs were detected in many viruses, 
for example, MySEV encodes three PKFs in its genome, 
pkf1 (ORF145, 1404 bp), pkf2 (ORF154, 1350 bp), and 
pkf3 (ORF125, 1107 bp). However, lethal spectrum of 
each PKF to parasitoid larvae has not been examined. 
In this study, PKFs from MySEV are expressed using 
Escherichia coli and baculovirus expression systems to 
compare parasitoid lethal activities.

A developing story of reared black soldier 
flies, Hermetia illucens, and their virome

Robert Pienaar 1,2, Adly M.M. Abd-Alla 3, Frank Krupa 3, 
Salvador Herrero 2, Elisabeth Herniou1
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Address for correspondence:  
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Recent research has shown that black soldier flies 
(BSF, Hermetia illucens) are susceptible to opportunistic 
infections by bacterial and fungi, as well as infestations 
by nematodes. However, despite a growing number of 
symptoms and mortalities within BSF colonies reported 
with virus-like symptoms, no viruses had been found yet 
in BSF. More than 100,000 new potential viruses have 
been detected since 2016 in large-scale dataset analyses, 
with more than 1000 viruses found in insects. This 
demonstrated that there was likely still a knowledge gap 
in terms of viruses which may infect BSF. Bioinformatic 
work uncovered a Totiviridae-like virus, hermetia illucens 
toti-like virus 1 (HiTV1), and endogenous viral elements 
in BSF genomes. Showing promise, this prompted 
further virome investigation of different BSF colonies. 
Now, other viruses and viral-candidates have also been 
discovered in BSF transcriptomes following the same 
bioinformatic pipeline that detected HiTV1, bringing 
the total to four viruses and two virus-candidates. 
The presence and detection of these viruses, some in 
BSF from multiple origins, suggests the existence of a 
diversity of naturally occurring viruses associated with 
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BSF, some of which could be harmful pathogens of BSF. 
The growing list of viruses found in BSF has created a 
roadmap to jumpstart viral surveillance, not just in mass-
reared BSF, but also for investigating wild populations. 

Day 2 – Tuesday 2nd August
13h00 – 13h15 House keeping

13h15 – 13h45 Q & A SESSIONS

Bacteria 2
Moderator: Maria Alejandra Bravo de la Parra

Search for nematocidal genes in four 
collections of wild Bacillus thuringiensis 

strains

Yolanda Bel, Miguel Andres-Antón, Baltasar Escriche
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Bacillus thuringiensis (Bt) is a ubiquitous gram-positive 
bacterium that sporulates, producing a parasporal 
crystal inclusion mainly composed of Cry and Cyt 
proteins. These proteins are toxic against a wide range 
of insect orders, nematodes, mites, protozoa, and 
human cancer cells. Indeed, it is considered the most 
successful biopesticide to date, and the isolation and 
characterization of new Bt strains are necessary to 
increase the arsenal of novel pesticidal proteins.Plant-
parasitic nematodes are worldwide crop pests causing 
severe damage to crops and provoking large economic 
losses, but just a limited number of Cry nematocidal 
proteins (belonging to the families Cry5, Cry6, Cry12, 
Cry13, Cry14, Cry21, and Cry55) have been described to 
date. In order to find new nematocidal Bt strains, a PCR-
based screening project has been designed. We have 
characterized 846 wild Bt isolates, belonging to four Bt 
collections, looking for genes coding for Cry proteins of 
the seven nematocidal families. As a result, 165 isolates 
(20%) contained at least one nematocidal cry gene. 
The cry5 and cry21 genes were the most abundant 
(found in 12% and 7% of the strains, respectively). 
The cry6, cry14, and cry12 genes were found in 3%, 
3%, and 1% of the Bt isolates, respectively. However, 
no strains were positive for the cry13 or cry55 genes. 
The results obtained show an important variation in 
gene abundances depending on the sample collection 
dates, type of screened samples, and the geographical 
origin. To our knowledge, this is the first comprehensive 
screening investigating all seven Bt nematocidal families.

Crystal structure of Cry78Aa, a novel 
protein from Bacillus thuringiensis,  
implies a new insecticidal activity  

on rice planthopper

Beibei Cao1, Yangfan Nie2, Zeyuan Guan2,  
Chuanyu Chen2, Nancong Wang2, Zeyu Wang1, 
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Genetically modified plants with insecticidal 
proteins from Bacillus thuringiensis (Bt) have been 
successfully utilized to control various kinds of pests 
in crop production and reduce the abuse of pesticides. 
However, a limited number of genes are available for 
the protection of crops from rice planthopper. Recently, 
Cry78Aa protein from Bt strain C9F1 has been found 
to have high insecticidal activity against Laodelphax 
striatellus and Nilaparvata lugens. It is the first reported 
single-component protein in the world to combat 
rice planthoppers, making it very promising for use 
in transgenic crops. The ambiguous mechanism of 
Cry78Aa functions prevented further engineering or 
application. Here, we report the crystal structure of 
Cry78Aa, which consists of two domains: a C-terminal 
β-pore forming domain belonging to the aerolysin family 
and an N-terminal trefoil domain resembling the S-type 
ricin B lectin. Thus, Cry78Aa could represent a new type 
of β-pore forming toxin. We also found that Cry78Aa 
binds carbohydrates such as galactose derivatives and 
is essential for insecticidal activity against Laodelphax 
striatellus. Our results suggest a mechanism underlying 
the function of Cry78Aa against rice planthoppers and 
pave the way to maximizing the usage of the toxin.

Roles of candidate Bt receptors in 
susceptibility of Trichoplusia ni to  

Bt toxin Cry1Ac

Rey Cotto1, E. Shao1, X. Yang1, P. Wang1
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The protein Cry1Ac from Bacillus thuringiensis (Bt) 
is an important insecticidal toxin in Bt sprays and in 
genetically engineered crops to confer insect resistance 
in agriculture. However, development of resistance 
to Cry1Ac and other Bt toxins in insect populations 
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threatens the sustainable application of Bt technology 
in agriculture. Biochemical and molecular studies 
have indicated multiple Bt-receptors involved in the 
intoxication pathways, and therefore resistance to Bt 
toxins in insects is complex. Midgut proteins that have 
been shown or proposed to serve as receptors for Cry1Ac 
include the midgut cadherin (CAD), aminopeptidases 
N (APNs), the membrane-bound alkaline phosphatase 
(mALP), ABC (ATP Binding Cassette) transporters and 
several other midgut proteins and glycolipids. In this 
study, the roles of these candidate Bt receptor proteins in 
the toxicity of Cry1Ac in the cabbage looper, Trichoplusia 
ni, were examined. Using T. ni as the research system, 
gene knockout strains with a single gene knockout or 
multiple gene knockouts were generated by CRISPR/
Cas9 mutagenesis. The changes of larval susceptibility 
to Cry1Ac associated with the gene knockout mutations 
in the T. ni strains were analyzed. The results further 
confirmed that the resistance to Cry1Ac in T. ni is 
conferred by multiple gene mutations. ABCC2 is an 
important receptor in the intoxication pathway of Cry1Ac, 
but there is an additional mutation (or mutations) that 
remains to be identified. 

Origin of a retrotransposon causing 
Cry1Ac resistance

David G. Heckel 1, 2
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The first reported mutation in the 12-cadherin domain 
protein conferring Cry1Ac resistance in Heliothis 
(Chloridea) virescens was insertion of a degenerate LTR 
retrotransposon (Gahan et al. 2001, Science 293:857). 
Sequence from the LTRs (long terminal repeats) was used 
to screen DNA from >7,000 field-collected individuals, 
which failed to yield another occurrence (Gahan et al. 
2007, J Econ Entomol 100: 187). Primers from the LTRs 
also failed to yield a full-length retrotransposon in the 
genome of H. virescens from which the denegerate 
copy could have originated (Siu Fai Lee 2002, Honours 
Thesis, University of Melbourne). However, the recent 
serendipitous discovery of a similar LTR retrotransposon 
in an esterase of the closely related H. (C.) subflexa, and 
the availability of genome sequences for both species, 
has enabled identification of the most likely progenitor. 
This family of retrotransposons is similar to the 
previously-described TED from Trichoplusia ni (Friesen & 
Nissen 1990, Mol Cell Biol 10: 3067), and evidence from 
the genomes indicates that it is still active. We discuss 
some implications that might follow from such insertion 
events, including a possible explanation for the non-
recessive nature of some cadherin mutations (Zhang 
et al. 2012, PLoS ONE 7: e53418), a possible reason 

for why major Bt resistance alleles are uncommon in 
some resistant pest species (Benowitz et al. 2022, 
Genetics, in press), and its relevance to Haruka Endo’s 
new hypothesis about the role of the cadherin in the 
mechanism of Cry protein toxicity (Endo 2022, Toxins, 
in press). Supported by the Max-Planck-Gesellschaft.

Structural and functional role of Domain I 
for the insecticidal activity of the Vip3Aa 

protein from Bacillus thuringiensis
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Vip3 proteins are produced by Bacillus thuringiensis 
and are toxic against lepidopterans, reason why the 
vip3Aa gene has been introduced into cotton and corn 
to control agricultural pests. Recently, the structure of 
Vip3 proteins has been determined and consists of a 
tetramer where each monomer is composed by five 
structural domains. The transition from protoxin to the 
trypsin-activated form involves a major conformational 
change of the N-terminal Domain I, which is remodelled 
into a tetrameric coiled-coil structure which is thought 
to insert into the apical membrane of the midgut 
cells. To better understand the relevance of this major 
change in Domain I for the insecticidal activity, we have 
generated several mutants aimed to alter the activity and 
remodelling capacity of this central region to understand 
its function. These mutants have been characterized 
by proteolytic processing, negative staining electron 
microscopy, and toxicity bioassays against the insect 
species Spodoptera exigua. The results show the 
crucial role of helix α1 for the insecticidal activity and for 
restraining the Domain I in the protoxin conformation, 
the importance of the remodelling of helices α2 and α3, 
the proteolytic processing that takes place between 
Domains I and II, and the role of the C-t Domains IV and 
V to sustain the conformational change necessary for 
toxicity.
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Insight into Cry1Aa mode of action through 
Cry1Aa protein mutants
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Insecticide mixtures based on the bacterium Bacillus 
thuringiensis are highly effective in the biological 
control of insect pests, especially lepidopteran species. 
Its active principle is Cry proteins, whose genes are 
expressed in the most successful genetically modified 
crops. Knowledge of the molecular mode of action of 
these proteins is the key to avoiding the loss of this 
resource in pest control. This mechanism has turned 
out to be complex and redundant and involves the 
specific binding to gut receptors in the insect. The aim 
of this work was to investigate the Cry1Aa mode of 
action in two lepidopteran species (Ostrinia nubilalis, 
Hübner and Grapholita molesta, Busck) which show 
high susceptibility to this protein. We have focused our 
study on the role of the midgut cadherin-like receptor 
in both species, using Cry1Aa mutants described in 
the bibliography which theoretically affected cadherin 
binding. Due to the role of cadherin in the mode of 
action of Cry1A proteins as receptor and promotor 
of oligomerization, Cry oligomerization assays were 
performed. These assays suggested that mutated 
proteins could form oligomers either spontaneously 
or after contact with midgut brush border membrane 
vesicles (BBMV). However, binding competition assays 
using radiolabelled Cry1Aa showed that they compete 
differently for Cry1Aa binding sites, depending on the 
insect species tested. These results suggest a different 
role for the cadherin receptor in these two insect species.

Resistance of cabbage loopers to Bt toxin 
Cry1F and to Cry1Ac+Cry1F cotton plants

Wendy Kain, Rey Cotto, Ping Wang

Department of Entomology, Cornell University, 
Geneva, NY 14456, USA

Address for correspondence: pingwang@cornell.edu

Cabbage looper (Trichoplusia ni) strains resistant to the 
dual-toxin (Cry1Ac+Cry1F) WideStrike cotton plants 
were selected from two Bt-DiPel resistant T. ni strains. 
The WideStrike resistant T. ni is resistant to both Cry1Ac 
and Cry1F. From the WideStrike-resistant T. ni, the 
Cry1F resistance trait was further isolated to establish a 
T. ni strain resistant to Cry1F alone. The levels of Cry1F 
resistance in the WideStrike-resistant and the Cry1F-
resistant strains were determined and the inheritance 
of the Cry1F resistant trait in the two strains was 

characterized. Gene association analysis indicates that 
the Cry1F resistance trait isolated in this study in T. ni is 
independent of the Cry1Ac-resistance mechanism and 
is not associated with mutations in the ABCC2 gene, as 
reported in several other Cry1F-resistant insect species.

Microsporidia 1
Moderators: Jinyong Zhang & Yuliya Sokolova

Bombyx mori hemocytin Facilitates 
host Immune Responses against  

Nosema bombycis
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Invertebrates, such as silkworms (Bombyx mori), rely 
on innate immunity to eliminate invading pathogens. 
The immune responses include hemocyte aggregation, 
melanization, antimicrobial peptides secretion and 
so on. Nosema bombycis belong to a large family 
of microsporidia that infect almost all animals and 
cause severe damage to the hosts. In current study, 
we discovered a silkworm hemostasis-related protein, 
hemocytin, is up-regulated after Nosema bombycis 
infection. We hypothesized that hemocytin participates 
in the immune responses against N. bombycis. We 
investigated this hypothesis by analyzing the adhesive 
effects of hemocytin to invading N. bombycis, and 
the hemocytin-mediated hemocyte aggregation and 
hemolymph melanization. The results showed that 
N. bombycis were attached by the hemocytin on the 
surface thus promoted the agglutination of pathogens 
together. Furthermore, hemolymph melanization was 
up-regulated by adding hemocytin in the system. We 
then used RNAi technology to interfere hemocytin 
expression in vivo, and found that the proliferation 
of N. bombycis were significantly increased. Taken 
together, we concluded that hemocytin exerts pro-
inflammatory and protective effects against N. bombycis 
by facilitating pathogen agglutination, hemocyte 
aggregation and melanization. Our study is the first to 
determine a function of hemocytin in innate immunity 
against N. bombycis, and are of great importance to 
provide potential targets for developing novel strategy 
against microsporidia infection. 
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Microsporidia and protist parasites: an 
important future threat to the insect 

rearing industry
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Little is known about what future risk Microsporidia 
and protists pose to insects reared for food and feed. 
However, past experiences with intensive invertebrate 
rearing indicate that these parasites, whilst often 
benign, can rapidly sweep through populations causing 
extensive damage. To ascertain whether communities 
of microsporidia and protists are present in reared insect 
hosts; including the dark beetles Tenebrio molitor and 
Zophobas morio, wax worm Galleria mellonella, locust 
Schistocerca gregaria and crickets Gryllus bimaculatus 
and G. assimilis. We are applying a PCR and sequencing 
nanopore based investigation, as well as a bioinformatic 
mining approach of insect omic’ data. The PCRs include 
two approaches, the first one using broad anti-metazoan 
primers to target the 18S gene of microeukaryotes 
and the second one group specific primers of diverse 
Microsporidia and protists. The resulting PCR products 
are being sequenced with a nanopore. The mining of 
insect genomic and transcriptomic data involves a 
blast-based search for Microsporidia and other protist 
parasites incidentally sequenced. The use of adapted 
PCR and sequencing high throughput methods, 
coupled to data mining aims to provide insights into 
these parasites’ prevalence and host spectrum as well 
as novel genomic data for overlooked protists.

Gene expression profiling of Nosema 
ceranae during its infection of honeybee 

(Apis mellifera) and impacts of Bidens 
pilosa phytogenic (BP) treatment
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Nosema ceranae is the intercellular fungal pathogen 
of Apis mellifera. It causes negative effects on the 
physiology and behavior of honey bees and reduces 
the survival fitness. The test of Bidens pilosa phytogenic 
(BP) treatment showed the ability to increase their 
survival rate and life span of A. mellifera after N. ceranae 
infection, and also inhibited the genomic copy numbers 
of N. ceranae. In this study, the differential expressed 
genes (DEGs) between N. ceranae mature spore and 
different time points of infection (5, 10, and 20 day-
post infections, d.p.i.) were investigated. Based on the 
transcriptome data, total 878, 952 and 981 DEGs (fold 
change ≥ 2 or ≤ -2) were identified in N. ceranae spores 
(NcSp)/5 d.p.i., NcSp/10 d.p.i., and NcSp/20 d.p.i., 
respectively. The pathway analysis base on the Kyoto 
Encyclopedia of Genes and Genome (KEGG) database 
showed DEGs of N. ceranae infection were involved in 
the metabolism, environmental information processing 
and organismal system. To better understand the 
effect of BP treatment on the N. ceranae infection, 
the DEGs between BP and solvent dimethyl sulfoxide 
(DMSO) treatments were investigated during N. ceranae 
infection. The KEGG analysis indicated that DMSO and 
BP treatments were largely involved in V-type ATPase 
pathway of N. ceranae. In which, the DEGs were up-
regulated in DMSO treatment, while down-regulated in 
BP treatment, suggested the BP may inhibit the energy 
transport of N. cerane by the pathway. The speculation 
needs to be further validated and proved.

Effects of temperature on larval 
development, alkaloid production and 

microsporidiosis in the two-spotted lady 
beetle, Adalia bipunctata l. (Coleoptera: 

Coccinellidae) 
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In nature, lady beetles experience a wide range of 
environmental temperatures. Nosema adaliae, a 
microsporidian pathogen described from the two-
spotted lady beetle, Adalia bipunctata L., delays larval 
development when A. bipunctata is reared under 
laboratory conditions at 25°C. In this study, the effects 
of elevated rearing temperatures and microsporidiosis 
were observed on larval development and mortality, 
alkaloid content (adaline), and adult morphometrics. 
Uninfected larvae (24 h-old) were provided either an 
uninfected or N. adaliae-infected conspecific egg and 
subsequently reared at three temperatures (25°C, 
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27.5°C or 30°C). Following eclosion, a subsample 
of adults were photographed for microscopic 
measurements, had reflex-fluid collected for alkaloid 
analysis (gas chromatography-mass spectrometry) and 
were examined to assess the severity of infection (spore 
counts). Development time was delayed significantly for 
larvae that consumed a N. adaliae-infected egg, and 
infected larvae took significantly longer to develop at 
25°C than at 27.5°C or 30°C. The relative proportion of 
adaline increased when larvae were reared at 30°C, but 
adaline concentrations were not significantly affected 
by infection. Adults reared at 25°C had larger body 
measurements compared to those reared at 27.5°C and 
30°C. Overall, adults that had eaten an infected egg as 
larvae had similar body measurements to those that ate 
an uninfected egg. However, a significant interaction 
between infection status, temperature and sex was 
observed for elytra and head capsule measurements. 
Both percent infected and average spore count 
decreased at 27.5°C and 30°C. These results suggest 
that temperatures above 25°C have a mitigating effect 
against N. adaliae in A. bipunctata. 

Viruses 3
Moderator: Holly Popham

Adoxophyes honmai nucleopolyhedrovirus 
resistant population does not have 

cross resistance against Choristoneura 
diversana nucleopolyhedrovirus
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Previously, it had been believed that insects might not 
evolve resistance to pathogens. Whereas resistant 
populations against baculoviruses were reported in the 
European orchards, it was possible to control those 
resistant populations by virus strains without cross-
resistance. To find viral strains without cross-resistance 
will be valuable for use not only as an alternative 
biocontrol agent but also as a powerful tool to study 
their resistant mechanisms. We previously established 
a resistant population of Adoxophyes honmai against 
Adoxophyes honmai nucleopolyhedrovirus (AdhoNPV) 
by serial selection with 70% of lethal concentration. 
Consequently, the resistant population showed 
400,000-fold resistance than the susceptible population 
without selection. In this study, we examined whether 
the resistant population showed cross-resistance 
to Choristoneura diversana nucleopolyhedrovirus 
(ChdiNPV). ChdiNPV belongs to the type Ⅰ NPV group, 
whereas AdhoNPV belongs to the type Ⅱ NPV group, 

which means that ChdiNPV is phylogenically far from 
AdhoNPV. We found that the susceptibility of the 
resistant population to ChdiNPV was not significantly 
different from that of the susceptible population. 
ChdiNPV can be used in further research to uncover the 
resistant mechanisms of A. honmai populations against 
AdhoNPV. 

“Designing a novel, repressible system for 
the downregulation of native virus genes 
through modification of the late chitinase 

gene promoter”
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Gene deletion is often used to study the function of 
baculovirus-encoded proteins. While informative, if the 
deletion is lethal for virus replication there are limits on 
what can be achieved with the mutant. We would like 
to switch off or reduce production of a virus-encoded 
protein to study the effect on the virus. We have used 
elements from the bacterial Lac operon to construct 
a novel, repressible system which could allow for the 
control of virus gene expression. Multiple chitinase 
gene promoter constructs were designed containing 
the Lac Operator (lacO) at different positions relative to 
the conserved TAAG motif. These were used to produce 
recombinant viruses in which the promoter constructs 
regulated egfp expression. Western blot, plate reader 
and flow cytometer results showed egfp expression 
was downregulated from all promoter constructs 
with lacO after the TAAG motif, upon infection of a 
cell line producing the transcriptional regulator LacI. 
Presence of the lacO prior to the TAAG motif had little 
to no effect on gene downregulation. Interestingly, 
results also suggested that insertion of lacO into the 
chitinase promoter increases promoter functionality; 
egfp expression was greater than that seen from the 
original chitinase promoter when lacO was inserted 
after the TAAG motif. Foreign gene expression from 
the baculovirus expression system (BES) is usually 
driven by the strong polh and p10 very late promoters. 
Enhancement of the chitinase promoter activity could 
make it an additional strong promoter for the BES, which 
may be useful for complex, multiple gene expression 
targets.
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Thaumatotibia leucotreta is indigenous to sub-
Saharan Africa. Currently, CryptogranTM, a commercial 
formulation of CrleGV-SA, is the preferred product to 
use in South Africa for the control of T. leucotreta. One 
of the major factors affecting the baculovirus efficacy in 
the field is UV irradiation. A UV-tolerant Cryptophlebia 
leucotreta granulovirus (CrleGV-SA-C5) isolate was 
isolated after consecutive cycles of UV exposure. 
This UV-tolerant isolate is genetically distinct from the 
CrleGV-SA isolate and has potential as a biological 
control agent for improved control of T. leucotreta. Thus, 
the study aimed to determine the biological and genetic 
stability of CrleGV-SA-G5 following bulk-up in fourth 
instar T. leucotreta larvae. A de novo assembly was 
conducted to reassemble the genome of CrleGV-SA-C5 
followed by a sequence comparison with the CrleGV-SA 
genome, and seven SNPs were detected. Two methods 
of screening were conducted to differentiate between 
CrleGV-SA-C5 and CrleGV-SA genomes and confirm 
the presence of the SNPs. The first was the construction 
of six plasmids, and sequencing and the second was 
a quantitative PCR melt curve analysis. Following the 
differentiation, the genetic integrity of the CrleGV-SA-C5 
isolate after two virus bulk-ups was determined by PCR 
amplification of the target regions in the bulk-up virus 
followed by sequencing. Sequencing results confirmed 
the presence of the target SNPs in the CrleGV-SA-C5_
BU2 (bulk-up 2) genome. The UV-tolerance of the 
CrleGV-SA-C5 isolate in comparison to the CrleGV-SA 
isolate was evaluated by detached fruit bioassays under 
natural UV irradiation. Statistical analysis indicated that 
there was no significant difference between the virus 
treatments. 

host range of a parasitoid wasp is 
correlated with host susceptibility to its 

mutualistic viral symbiont

Kelsey A. Coffman1, Angela N. Kauwe1,  
Natalie E. Gillette1, Scott M. Geib1, Gaelen R. Burke2

1Daniel K. Inouye US Pacific Basin Agricultural 
Research Center, Agricultural Research Service, 

US Department of Agriculture, Hilo, HI 96720 USA; 
2Department of Entomology, University of Georgia, 

Athens, GA 30602 USA
Address for correspondence:  

kelsey.coffman@usda.gov

The widespread diversification of parasitoid wasps 
is linked with their ability to successfully develop as 
parasites of nearly all types of insects. While most 
parasitoid species specialize for development within 
one or a few host species, the wasp Diachasmimorpha 
longicaudata is a generalist that can survive within 
multiple genera of tephritid fruit fly hosts, including 
several destructive fruit fly pest species. D. longicaudata 
has therefore been widely released as part of fruit fly 
biological control efforts in the tropics and subtropics. In 
this study, we investigated the role of the viral symbiont 
Diachasmimorpha longicaudata entomopoxvirus (DlEPV) 
in shaping the host range of D. longicaudata within three 
tropical fruit fly pest species. Our results show that two 
of these fly species, Ceratitis capitata and Bactrocera 
dorsalis, are permissive hosts for D. longicaudata 
development, while the third species, Zeugodacus 
cucurbitae, is a nonpermissive host. Next, we found 
that both permissive hosts were highly susceptible to 
DlEPV infection, resulting in rapid virus replication and 
overwhelming fly mortality. However, the nonpermissive 
host Z. cucurbitae largely overcame virus infection, 
demonstrating significantly lower mortality and no virus 
replication. Further investigation using transcriptome 
sequencing revealed large-scale differences in DlEPV 
and fly host gene expression during infection in each 
of the three species. These results suggest that virus 
activity may contribute to the ability of D. longicaudata 
to parasitize various host fly species, and more broadly, 
DlEPV could be a key component to the success of this 
widely established biological control agent.

Development and optimisation of a qPCR 
assay for the enumeration of Cryptophlebia 

leucotreta granulovirus (CrleGV) used for 
commercial applications

Thuthula Mela1,2, Michael Jukes1,2, Caroline Knox1,2, 
Sean Moore 2,3, Martin Hill 2

1 Department of Biochemistry and Microbiology, 
Rhodes University, P.O. Box 94, Makhanda, 6140, 

South Africa; 2 Centre for Biological Control, 

mailto:tahneebennett97%40gmail.com?subject=
mailto:kelsey.coffman%40usda.gov?subject=


49

Department of Zoology and Entomology, Rhodes 
University, P.O. Box 94, Makhanda, 6140, South Africa; 
3 Citrus Research International, P.O. Box 5095, Walmer 

6065, Gqeberha, South Africa
Address for correspondence: m.jukes@ru.ac.za

Thaumatotibia leucotreta (Meyrick) (Lepidoptera: 
Tortricidae), is an important agricultural pest in South 
Africa. Its classification as a phytosanitary pest by many 
international markets promotes the need for strict control 
of T. leucotreta. This is achieved through an integrated 
pest management (IPM) programme which uses the 
baculovirus Cryptophlebia leucotreta granulovirus 
(CrleGV) as a component. Although this virus has been 
successfully applied as a biopesticide for nearly two 
decades, further research and development is necessary. 
One aspect of interest is the quantification of viral 
particles which is required for both field and laboratory-
based applications. While dark field microscopy is 
traditionally used for the quantification of baculoviruses, 
this method is subjective and time-consuming. This 
study aimed to develop and optimise a qPCR technique 
to accurately quantify CrleGV-SA OBs. Oligonucleotides 
were designed to amplify regions within the lef-8, lef-
9, and granulin genes. Three sets of DNA plasmids 
(pJET1.2-Gran, pJET1.2-lef-9, and pJET1.2-lef-8) were 
constructed, each containing one of the target regions. 
These were evaluated for use as standards in our qPCR 
assay. To ensure optimal quantification of samples, 
different gDNA extraction methods were also evaluated. 
A range of CrleGV-SA samples were evaluated using the 
qPCR assay and under dark-field microscopy, with data 
obtained statistically compared. The results showed 
general agreement between the two methods. This 
indicates that the qPCR assay developed in this study 
can be used as an alternative to dark-field microscopy 
for the quantification of CrleGV, offering a rapid and 
reliable method for use in laboratory and commercial 
settings.

Investigating baculovirus synergism for 
improved management of false codling 

moth, Thaumatotibia leucotreta, in the field

David G. Taylor 2, Martin P. Hill 2, Sean D. Moore 1,2, 
Caroline Knox 2,3, Michael D. Jukes 2

1Citrus Research International, P.O. Box 5095, Walmer 
6065, Gqeberha, South Africa; 2Centre for Biological 

Control, Department of Zoology and Entomology, 
Rhodes University, P.O. Box 94, Makhanda, 6140, 

South Africa; 3Department of Biochemistry and 
Microbiology, Rhodes University, P.O Box 94, 

Makhanda, 6140, South Africa
Address for correspondence: caroline.knox@ru.ac.za

Two baculoviruses, CrleGV-SA and CrpeNPV, infect and 
cause mortality in T. leucotreta, a serious phytosanitary 
pest of citrus in South Africa. The insect is controlled 

using an integrated pest management programme 
including formulated CrleGV-SA which has been applied 
in the field since 2003. This study investigated whether 
a synergistic interaction between the two viruses 
can be exploited as a tool for improved baculovirus-
based management. Surface-dose and time response 
bioassays using a 1:1 mixture of both viruses on neonate 
larvae were conducted to evaluate lethal concentration 
(LC) and lethal time (LT) in comparison to each virus 
alone. The results of surface-dose bioassays revealed 
that the mixed infection performed significantly better 
in terms of LC50 and LC90 compared to each virus alone. 
Lethal time, however, was prolonged with the mixed 
infection compared to each virus alone. To examine the 
cause of mortality, OBs from time-response bioassays 
were recovered and genomic DNA subjected to multi-
plex PCR using oligonucleotides targeting CrleGV-
SA and CrpeNPV genomes. The presence of both 
viruses was detected in larvae inoculated with each 
virus alone indicating possible covert infections in the 
T. leucotreta population. Taken together, these results 
suggest that synergism in terms of LC may occur which 
is an advantage for commercial field application of virus 
mixtures, but that competition of resources during the 
primary or secondary phases of infection may lead to 
extended speed of kill. The findings of this study provide 
a platform for further evaluation of mixed baculovirus 
infections for improvement of T. leucotreta management 
in the field.

Unravelling the mystery of covert 
baculovirus infections

Melissa Lloyd1, Vera Ros1, Salvador Herrero 2

1Laboratory of Virology, Wageningen University, 
Droevendaalsesteeg 1, 6708 PB Wageningen, 
the Netherlands; 2Department of Genetics and 

University Institute of Biotechnology and Biomedicine 
(BIOTECMED), Universitat de València,  

46100 Valencia, Spain 
Address for correspondence: melissa.lloyd@wur.nl

Covert baculovirus infections are a major threat 
to insect production systems as they can result in 
massive colony losses upon activation. The aim of this 
study was to identify which environmental stressors 
are important for triggering a covert to overt infection 
in a lepidopteran host, and to identify the molecular 
mechanisms responsible for controlling maintenance 
of a covert state and activation. Different lepidopteran 
species were exposed to environmental stress factors 
including crowding, temperature extremes and sub-
optimal food quality, and the resulting percentage of viral 
activation was recorded. This gives valuable information 
on which factors need to be prioritized during rearing 
to reduce baculovirus outbreaks. Additionally, sRNA-
seq was performed to establish a miRNA profile 
of healthy Spodoptera exigua caterpillars versus 
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caterpillars infected with Spodoptera exigua Multiple 
Nucleopolyhedrovirus (SeMNPV), as well as stressed 
caterpillars. MiRNAs have been found to be important 
in host-virus interactions, and their role in covert virus 
infections has been proven in other systems. Identified 
viral and host miRNAs will be further studied for their 
potential role in maintenance of covert infections. 

Elucidation of infection route of OrNV in 
Oryctes rhinoceros

Mayuho Yamauchi 1, Christopher Kitalong 2,  
Madoka Nakai 1

1 Tokyo university of Agricultural and Technology, 
Saiwai, Fuchu, Tokyo, 183-8509, Japan, 2Palau 

Community College-Cooperative Research Extension
Address for correspondence:  

s214107x@st.go.tuat.ac.jp

In the Pacific Islands, the palm tree is called “Tree of 
life” and it is an important resource for supporting 
people’s lives. Oryctes rhinoceros, the pest of palm 
trees, damages the leaves and shoots of palms, and 
has adversely affected their growth. To solve this 
problem, biological control using Oryctes rhinoceros 
nudivirus (OrNV), a natural enemy virus discovered in 
1963, was carried out, and they succeeded in long-
term population decline and continuous reduction of 
feeding damage. However, the biological control was 
not successful for the population of O. rhinoceros of the 
new haplotype (G-type) discovered in Guam after 2007, 
and the habitat is still expanding with serious damages. 
Adults and larvae of O. rhinoceros have different feeding 
habits; adults are pests of palm trees, while larvae 
are not. However, no quantitative comparison of viral 
transmission routes for those stages has been done. 
In this study, the larvae and adults were inoculated 
with OrNV in laboratory and the transmission rate was 
quantified for each stage (from the larvae to adults, the 
larvae to larvae, adults to larvae, and adults to adults). 
These results of transmission routes can contribute to 
understand the success or failure of biological control 
using OrNV.

13h45 – 14h00 Break

14h00 – 16h00 MICROBIAl CONTROl DIVISION 
SyMPOSIUM

The future is bright for biocontrol  
(Chair: Roma Gwynn)

Rethinking pest and pesticide 
management for sustainability

Mark Davis

Centre for Pesticide Suicide Prevention, Universtiy 
of Edinburgh, Queen’s Medical Research Institute, 
47 Little France Crescent, Edinburgh BioQuarter, 

Edinburgh, EH16 4TJ
Address for correspondence: Mld4vis@gmail.com

Pesticide use is widely claimed to be necessary to ensure 
food security in the face of substantial yield reductions 
and crop losses to pests and diseases. However, while 
pesticide use globally has consistently increased, crop 
losses have not diminished. On the contrary, there 
is increasing evidence that a high dependence on 
pesticides is actually contributing to greater crop losses 
as a result of ecological disruption, reduced soil fertility 
and phytopathology. Levels of non-communicable 
disease caused by pesticide globally have been shown 
to be significantly higher than previously thought 
and biodiversity losses are increasingly evident. 
Natural resource contamination by pesticides and the 
absence of hazardous waste management options 
in LMIC contribute further to the negative impacts of 
pesticides. Meanwhile, increasing number of farmers 
across the globe are replacing chemical pesticides 
with agroecology, mechanical and biological pest 
management methods and achieving equal or higher 
yields at lower cost and with greater contributions to 
sustainability. Why then, is pesticide use continuing and 
what can be done to change the situation?

What led to the successful large-scale 
adoption of biocontrol in Brazil?

Italo Delalibera Júnior

Department of Entomology and Acarology, Escola 
Superior de Agricultura “Luiz de Queiroz”, University of 
São Paulo (ESALQ-USP), Av. Pádua Dias, 11, C.P. 9, 

Piracicaba, SP CEP 13418-900, Brazil 
Address for correspondence: delalibera@usp.br

In Brazil, the inundative releases of entomopathogens 
only started in the early 1970s, using Metarhizium 
anisopliae against sugarcane spittlebugs and 
Baculovirus against the soybean caterpillar. The first Bt, 
Baculovirus, Beauveria, Metarhizium, and Trichoderma-
based products were registered from 1997 to 2007. In 
2013, there were 107 registered biologicals in Brazil, and 

mailto:s214107x%40st.go.tuat.ac.jp?subject=
mailto:Mld4vis%40gmail.com?subject=
mailto:delalibera%40usp.br?subject=


51

in 2022 increased to >500 products. Only in 2022 36 new 
products have been registered. About 130 biological 
companies have brought greater diversification of 
new technologies of low toxicity to the farmers. The 
biological control market in 2021 (US$371 million) was 
still relatively small compared to the pesticide market 
(US$12 billion). However, the 89% increase over 2019 
and the growth potential have gained the attention of 
many investors. Biological products are used in about 
23 million ha, a significant part of the 77.4 million ha 
of the total planted area in the country. The increased 
number of registration applications has forced regulatory 
authorities to adopt procedures and legislation to meet 
the unique requirements of biopesticides and speed the 
registration process to less than two years. Biological 
control in Brazil, since the beginning, occupied market 
niches where chemical control was not effective. 
The accelerated adoption occurred after 2013 when 
biopesticides proved efficient in major crops such as 
soybean, cotton, and corn to control outbreaks of the 
invasive Helicoverpa armigera. Other drivers, such as 
commercial and regulatory restrictions on chemical 
pesticides; residue management of chemicals; 
the demands of retailers and importers for socio-
environmental responsibility; and consumer demand for 
quality food are also relevant.

Exploring the role of biocontrol 
technologies in the agroecosystem model 

for food production

Roma Gwynn

Biorationale Limited, Galashiels, Scotland, UK. 
Address for correspondence:  
rgwynn@biorationale.co.uk

Biocontrol technologies or solutions have mainly 
been used on crops by applying them inundatively as 
replacements for, or alongside, conventional chemical 
pesticides. The model of crop protection used today 
has not altered greatly from the 1950’s or 1960’s 
which is a system of high input varieties, fertilisers and 
synthesized pesticides. The best practice model of this 
sytem is an Integrated Pest Management approach, 
this is something that some farmers have adapted well 
to but many other farmers have not so, there has been 
variable uptake of IPM between regions and between 
crop types. The high input crop protection system was 
successful in terms of supporting good quality food and 
high yields however, it has become increasingly clear 
that the unintended consequences of this high input 
system (environmental pollution, supporting change 
in land use and reducing biodiversity) means that the 
harm being done by modern agriculture is increasingly 
unacceptable. This realization, in combination with 
scientific developments in techniques and methodology 
means there are now the tools to support takinge a 
different approach to crop protection. This is the perfect 

time to move away from the chemical paradigm for crop 
protection to one based on biology and ecology and 
that has a less detrimental impact. The signs that the 
world is moving towards a new plant protection model 
are increasing. The future for biocontrol technologies as 
part of the new plant protection model needs to embrace 
the complexity of the agroecosystem and fast-track the 
development of the new plant protection approaches. 

Fail fast to succeed

Chad Keyser

AgBiome Inc, 104 TW Alexander Drive,  
Durham, NC 27709, USA

Address for correspondence:  
chadaltonkeyser@gmail.com

Knowing what assumptions must be true in order for 
us to be successful is critical in developing a biological 
control product. Effective biological control agents do 
not always become successful products. Discovering, 
developing and commercializing a product requires 
a careful dance of multiple disciplines. Consideration 
must be given to everything from physiological and 
behavioral intricacies of a target pest, to supply chain 
and production nuances. While perseverance, grit, and 
hard work are part of any success story, these attributes 
may tempt us down a path of commitment escalation 
and into a sunk-cost fallacy. In a recent project focused 
on discovering a biological control agent to control 
sweetpotato weevils in Sub-Saharan Africa, we were 
making exciting progress in the lab, however, the 
product concept relied on assumptions that we realized 
were unrealistic as the project progressed. After a hard 
look at what was necessary to be successful we had 
to take a step back, reorient our direction and restart, 
in order to move forward. In many ways, this felt like 
failure, but as we look back it was necessary to succeed. 
This is a lesson in recognizing that failing fast opens 
opportunities to succeed.

16h00 – 16h15 Break
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16h15 – 16h45 Q & A SESSIONS

Fungi 2
Moderators: TBA

Potential of combining mycoinsecticides 
with promising native parasitoids for 

sustainable management of fall armyworm 
(Spodoptera frugiperda) in Kenya

Junitor Chepkemoi1,2, Ken Okwae Fening2, Felicitas 
Chaba Ambele1, Komivi Senyo Akutse1*

1International Centre of Insect Physiology and Ecology 
(icipe), P.O. Box 30772-00100, Nairobi, Kenya; 
2University of Ghana, P.O Box LG 1181, Legon,  

Accra, Ghana
Address for correspondence: kakutse@icipe.org

Fall armyworm (FAW), Spodoptera frugiperda is a highly 
polyphagous invasive pest attacking many crops with 
great preference for maize, a major staple food crop in 
Sub-Saharan Africa. FAW management relies heavily on 
the use of synthetic pesticides, with adverse impacts on 
human, non-target organisms and environment. Major 
parasitoids including Telenomus remus and Cotesia 
icipe; and entomopathogenic fungi (Metarhizium 
anisopliae ICIPE 7, ICIPE 41 and ICIPE 78; Beauveria 
bassiana ICIPE 621) were found effective against FAW. 
However, their interactions in tackling FAW have not 
been evaluated. We therefore assessed the effects of 
these fungal isolates on the oviposition, emergence and 
parasitism rates of T. remus and C. icipe through direct 
and indirect infections. Both parasitoid species showed 
high susceptibility to the fungi in direct infection where 
adult parasitoids were exposed to dry conidia. However, 
the infected adult parasitoids were able to parasitize 
FAW larvae/eggs that were exposed to them prior to their 
death. In the indirect infection where infected second 
instar FAW larvae/eggs were exposed to the parasitoids, 
ICIPE 7, ICIPE 41 and ICIPE 621 caused moderate 
mortality rates to T. remus at the concentrations of  
1x105–1x109 conidia/ml. However, the mortality rates 
of C. icipe increased with the fungal concentrations. In 
both direct and indirect infections, additional induced 
mortality of FAW eggs/larvae was also recorded. 
Furthermore, high parasitism rates were obtained for 
both parasitoids in indirect fungal treatments compared 
to direct infection. This study demonstrated the potential 
of combining both parasitoid species with indirect fungal 
application to suppress FAW populations. 

Production of Metarhizium rileyi 
microsclerotia under different carbon and 

nitrogen ratios

Isabela Fetter1, Camila Costa Moreira2, Gabriel Moura 
Mascarinl3, Italo Delalibera Júnior1
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C.P. 9, Piracicaba 13418-900, SP, Brazil; 2 Koppert, 
Department of Research and Development, Rod. 
Margarida da Graça Martins, km 17,5, Piracicaba, 
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Metarhizium rileyi is an epizootic and highly virulent 
entomopathogenic fungi to many Noctuid pests. 
However, its production is more challenging than other 
Hypocreales fungi. Thus, there are no commercially 
available bioproducts of this fungus in Brazil. The use 
of M. rileyi microsclerotia (MS) could be a promising 
strategy due to its amenable production through 
submerged liquid fermentation and its intrinsic higher 
tolerance to adverse environmental conditions than 
conidia and blastospores. Our goal in this study 
was to investigate the impact of carbon and nitrogen 
ratios (C:N ratios of 10:1, 12:1, 30:1, and 50:1) on the 
microsclerotia production of M. rileyi ESALQ5611, and 
subsequently to determine their viability and morphology. 
C:N ratios of 10:1 and 12:1 produced more than 104 
microsclerotia mL−1 after five days of cultivation, being 
statistically superior to 30:1 and 50:1. MS size was more 
homogenous and constant when produced with lower 
C:N ratios. Also, C:N ratios of 30:1 and 50:1 favored 
the formation of more hyphae than the other cultures, 
which are not desirable for MS production. C:N ratios 
did not affect MS viability and led to 100% viability after 
24 hours of incubation. These findings demonstrate 
the potential of M. rileyi to produce MS by submerged 
liquid fermentation and the next step is to investigate 
the virulence of MS to Noctuidae caterpillars.

The effect of climate variability in the 
efficacy of the entomopathogenic fungus 
Metarhizium acridum against the desert 

locust Schistocerca gregaria

Samuel Kamga1,2, Frank Ndjomatchoua 3,  
Ritter Guimapi 4, Ingeborg Klingen 4,  

Clément Tchawoua1, Anne-Grete Roer Hjelkrem 5,  

Karl Thunes 4,6, Francois Kakmeni2
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Despite substantial efforts to control locusts they 
remain periodically a major burden in Africa, causing 
severe yield loss and hence loss of food and income. 
Distribution maps indicating the value of the basic 
reproduction number R0 was used to identify areas 
where an insect pest can be controlled by a natural 
enemy. A dynamic process-based mathematical model 
integrating essential features of a natural enemy and 
its interaction with the pest is used to generate R0 risk 
maps for insect pest outbreaks, using desert locust and 
the entomopathogenic fungus Metarhizium acridum 
(Synn. Metarhizium anisoliae var. acridum) as a case 
study. This approach provides a tool for evaluating 
the impact of climatic variables such as temperature 
and relative humidity and mapping spatial variability 
on the efficacy of M. acridum as a biocontrol agent 
against desert locust invasion in Africa. Applications 
of M. acridum against desert locust in a few selected 
African countries including Morocco, Kenya, Mali, and 
Mauritania through monthly spatial projection of R0 
maps for the prevailing climatic condition are illustrated. 
By combining mathematical modeling with a geographic 
information system in a spatiotemporal projection as we 
do in this study, the field implementation of microbial 
control against locust in an integrated pest management 
system may be improved. Finally, the practical utility 
of this model provides insights that may improve the 
timing of pesticide application in a selected area where 
efficacy is highly expected.

Comparative cultural analyses of 
Beauveria bassiana JEF-350 between 

liquid and solid culture

Yujin Jeong1, Soeun Park1, Yeram Im1, Insoo Jeon1, 
Yulim Park1, Kijung Kim1, Gahyeon Song1, 

Jongcheol Kim1, and Jae Su Kim1,2*
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Compared to fungal solid culture, liquid culture not only 
reduces production time and cost but also is easy to 
prevent contamination. However, it has been reported 
that blastospores produced through liquid culture are 
generally unstable to external environments such as 
heat. In this study, the characteristics of Beauveria 
bassiana JEF-350 from different culture medium were 
investigated to produce heat-resistant propagules, 
and their insecticidal activity against Thrips palmi 
was assayed. After liquid cultures of JEF-350 at SDB, 
SSYP, and YPG media for seven days, the productivity 
and thermotolerance of JEF-350 blastospores were 
investigated. Solid cultures at the same media served 
as controls. The blastospore productivity was the 
highest in SSYP liquid medium (6.4×107 blastospore/
ml), and conidia productivity was the highest in SSYP-
agar medium (27.1×107 conidia/cm2). As a result of 
heat exposure of JEF-350 conidia and blastospores 
produced in each medium to 45°C for 60 minutes, 
blastospore produced in SSYP liquid medium showed 
the highest germination rate (22.6%) after incubated on 
1/4SDA for 18 hours. On the other hand, the conidia 
germination rate of JEF-350 on all solid media was 
less than 6%. From a virulence test against T. palmi 
in laboratory conditions, blastospores showed similar 
virulence to the conidia in each medium treatment. The 
mortality of T. palmi on all treatments showed more than 
95% on 7 day after fungal treatment. In conclusion, 
JEF-350 blastospores produced in SSYP liquid medium 
were excellent in productivity, thermotolerance, and 
insecticidal activity against T. palmi. This is considered 
an optimal substrate for culturing JEF-350.

Evaluating granular formulations of 
Beauveria bassiana for the management 
of wireworms (Coleoptera: Elateridae) in 

potatoes

Mika K. Pagani 1, Thomas P. Kuhar 1,  
Stefan T. Jaronski 1,2

1Virginia Polytechnic Institute and State University, 
Blacksburg, VA 24061, USA; 2Jaronski Mycological 

Consulting LLC, Blacksburg, VA 24060, USA
Address for correspondence: mika396@vt.edu

Wireworms, click beetle (Elateridae) larvae, are 
economically significant pests of potato fields worldwide. 
They are soil-dwelling generalists, spending multiple 
years feeding on underground crops. As chemical 
control methods meet regulatory limitations, an urgent 
need for sustainable management options is evident. 
Native to their environment, entomopathogenic fungi 
(EPF), have emerged as a promising biocontrol tactic in 
recent years. Preliminary data collected indicated that 
Beauveria bassiana strain, ANT03, resulted in the highest 
wireworm infectivity compared to other commercialized 
strains. However, few studies have investigated 

mailto:ritter.guimapi%40nibio.no?subject=
mailto:jskim10%40jbnu.ac.kr?subject=
mailto:mika396%40vt.edu?subject=


54

differences in granular formulations, as published work 
has only established this method beneficially multiples 
application rate when compared to soil drench methods. 
In 2021, a semi controlled outdoor bioassay examined 
whether coarse-grind cornmeal, millet substrate, and 
rice substrate granular formulations of ANT03 yielded 
a difference in control of wireworms. Field-soil filled 
containers were artifically infested with wireworms and 
the fungi granules were applied in-furrow. After three 
weeks, wireworms were retrieved and assessed for 
mycoses. The results obtained suggested the rice carrier 
caused the most mycosis while, interestingly, caused the 
native Metarhizium spp. growth. Although encouraging 
for organic growers with no other management plan, a 
greater resolution of native fungi populations needs to 
be examined in future studies. 

Microbial Control 2
Moderator: Nina Jenkins

Field evaluation of PxNPV-lBIV-11 
Baculovirus and Bacillus thuringiensis 

strains against Plutella xylostella larvae in 
broccoli Brassica oleracea var. Italica
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Broccoli is a crucifer with most economic importance 
worldwide, national production in Mexico reported 728, 
721 ton in 2020 and 408, 897 of it were harvested in 
Guanajuato State. Diamondback moth Plutella xylostella 
represents the main production problem and causes 
each year 4-5 billion dollars in loss around the world. 
Nowadays market includes nucleopolyhedroviruses and 
Bacillus thuringiensis based commercial formulations 
with reported efficiency against some insect pests 
(Spodoptera sp.) however, few data available regarding 
P. xylostella. Within this background, the objective of 
this study was design, production, and application 
of different formulations of PxNPV-LBIV-11 and 
B. thuringiensis in broccoli fields to determine its effect 
altogether against P. xylostella larvae. Different broccoli 
field locations were selected for PxNPV-LBIV-11 and 
B. thuringiensis application formula in Irapuato and 
Dolores Hidalgo municipalities; first application was 
PxNPV-LBIV-11 (3.5 x 1012 OBs/ha) and B. thuringiensis 
LBIT-287 strain (31,818 mg/ha) on Avenger broccoli, 10 
days after application 47.37% mortality was observed; 

second application was performed in Escazú cabbage, 
PxNPV-LBIV-11 (5 x 1012 OBs/ha) mortality in P. xylostella 
larvae was registered in 92.31%; third application of 
a mixture of PxNPV-LBIV-11 (2.04 x 1013 OBs/ha) and 
B. thuringiensis LBIT-229 strain (666.66 g/ha) was on 
Centennial broccoli and 80% mortality was observed 
7 days after sprayings with PxNPV-LBIV-11 alone, 
in contrast only the 50% of mortality was observed 
when B. thuringiensis was sprayed in combination with 
baculovirus treatment. In conclusion, for the control 
of P. xyllostella in the Mexican Bajío it is better to use 
formulations of the baculovirus alone.

UV and temperature protection of Bacillus 
thuringiensis insecticidal protein Cry1Ab 

after nanoencapsulation

Elham Jalali 1,2, Yolanda Bel 1, Ayda Khorramnejad 1,3, 
Shahab Maghsoudi 2, Ebrahim Noroozian 2,  

Baltasar Escriche1 
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of Pavia, 27100, Pavia, Italy
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The Bt pesticidal proteins are highly valuable for their 
specificity and safety. Transgenic plants expressing Bt 
insecticidal proteins are currently used as a powerful 
alternative to chemical treatments. In addition, Bt is 
considered the most successful sprayable biopesticide 
to date, although its main setback is its persistence 
in the fields, threatened by pluvial drag but also by 
UV light from the sun and high temperatures. To 
overcome these drawbacks, nanotechnology emerges 
as a promising tool to protect Bt proteins under 
environmental conditions. In this study, a new and 
functional encapsulated Cry1Ab product has been 
developed and tested to check its resistance to UV and 
temperature. The emulsion was prepared through the 
Pickering emulsion technique stabilized by Cu2+-SQDs/ 
S-CN nanocomposite. The large surface area, and their 
unique chemical properties, as well as the size of this 
nanomaterial, contribute to their excellent dispersion. 
The effect of this nanocomposite in protecting purified 
and solubilized Cry1Ab protein against inactivation by 
UVC and high temperature (40°C) was evaluated in 
terms of insecticidal activity against first instar larvae of 
the lepidopteran pest Ostrinia nubilalis. Bioassay results 
evidenced that this nanocomposite preserves the 
bioactivity of Cry1Ab and performs with better efficiency 
than non-encapsulated protein under UV radiation 
and high temperature conditions. Furthermore, a pH-
sensitive polymer was incorporated into this emulsion, 
which releases the Cry1Ab at alkaline pH. Our results 
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indicate that encapsulation stabilized by Cu2+-SQDs/ 
S-CN nanocomposite could be an effective strategy 
to increase the insecticidal effectiveness of purified 
Cry1Ab, protecting it from environmental conditions. 

Developing a sustainable infection strategy 
for the biological control of fall armyworm, 

Spodoptera frugiperda, in Africa

Ahmed G. Hussain1, Xian Long1, Jörg T. Wennmann2, 
Georg Goergen3, Vera I.D. Ros1

1Laboratory of Virology, Wageningen University 
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Wageningen,The Netherlands; 2 Julius Kühn Institute 
(JKI) - Federal Research Centre for Cultivated Plants, 

Institute for Biological Control, Heinrichstr. 243, 64287 
Darmstadt, Germany; 3International Institute of Tropical 
Agriculture (IITA), 08 BP0932 Tri Postal, Cotonou, Benin

Address for correspondence: vera.ros@wur.nl

The fall armyworm (FAW), Spodoptera frugiperda, 
originally from the Americas have in recent years 
spread to Africa, Asia, and Australian continents, 
threatening the production of staple crops. Since pest 
control with pesticides involves the risk of pesticide 
resistance development, there is a need for developing 
more sustainable, safe, and environmentally friendly 
pest control alternatives. Baculoviruses are one of 
the most promising viral candidates to control FAW. 
However, the lack of indigenous isolates of Spodoptera 
frugiperda multiple nucleopolyhedrovirus (SfMNPV) and 
the cannibalistic behavior exhibited by FAW larvae are 
major constraints in using baculoviruses for biological 
control. In this study, we report the molecular and 
biological characterization of the first SfMNPV isolated 
from FAW in Africa and compare the virulence between 
two African populations of FAW (Benin and Kenya). 
We also tested inter-host specificity of the isolate to a 
closely related species, Spodoptera exigua. The result 
indicates a difference in the biological characteristics 
between Benin and Kenya populations. In addition, 
SfMNPV was able to successfully infect S. exigua, 
although requiring a 100-fold OBs to achieve the same 
mortality. Furthermore, the occlusion bodies produced 
in the S. exigua larvae was significantly lower than those 
in FAW, suggesting a preference for the homologous 
host. The findings from this study shows the promising 
prospect of using indigenous SfMNPV isolates to control 
local FAW populations.

Management of insect pests, 
Pseudococcus viburni (hemiptera: 

Pseudococcidae) and Eriosoma 
lanigerum (hemiptera: Aphididae) using 

entomopathogenic fungi 

Letodi L. Mathulwe, Antoinette P. Malan,  
Nomakholwa F. Stokwe

Department of Microbiology, Stellenbosch University, 
Private Bag X1, 7602 Matieland, Stellenbosch, South 

Africa
Address for correspondence: mathulwell@sun.ac.za

Pseudococcus viburni Signoret (Hemiptera: Pseudococ-
cidae) and Eriosoma lanigerum Hausmann (Hemiptera: 
Aphididae) are important pests of apples and affect 
apple production globally. Both insects have developed 
some level of resistance against several insecticides and 
their presence in orchards results in significant damage 
to crops, with economic implications. The potential 
use of entomopathogenic fungi (EPF) as biological 
control agents against E. lanigerum and P. viburni was 
assessed under laboratory conditions, using screening 
bioassays. The Metarhizium isolates, tested at a conidial 
concentration of 107 conidia/ml, proved to be the most 
effective EPF isolates against the female adult stage 
of both E. lanigerum and P. viburni. For E. lanigerum, 
Metarhizium robertsii and M. pinghaense isolates 
were the most effective with an average percentage 
mortality of > 90%, respectively 5 days post inoculation. 
Metarhizium brunneum also proved to be effective when 
used against the insect with an average percentage 
mortality of > 80%. Similar observations were made for 
P. viburni where M. robertsii and M. pinghaense isolates 
also proved to be the most effective with an average 
percentage mortality of > 90%, respectively 7 days 
post inoculation. The study represents the first report 
on the pathogenicity of multiple EPF isolates to manage 
E. lanigerum and P. viburni.

Entomopathogenic fungi associated with 
cultivated Honeybush fields in South Africa 

and their pathogenicity towards the leaf 
hopper Molopopterus sp.

Tapiwa Mushore1, Candice Coombes1, Martin Hill1

1Centre for Biological Control, Department of Zoology 
and Entomology, Rhodes University, P. O. Box 94, 

Makhanda 6140, South Africa
Address for correspondence:  
mushoretapiwa@gmail.com

The semi-arid and temperate climate of the South African 
fynbos region favours the production of a very important 
herbal tea, honeybush tea. It is grown organically 
hence the need for natural control measures for pests 
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and diseases. Isolation of virulent entomopathogenic 
fungi is a prime criterion for good agriculture practices 
as it provides insight into naturally occurring fungal 
biodiversity and a pool of potential biocontrol agents. 
Therefore, soil samples were collected from Honeybush 
fields and their surrounding refugia. Entomopathogenic 
fungi were isolated using the insect bait method and 
characterised using molecular techniques. Twenty 
fungal isolates (Metarhizium anisopliae and Fusarium 
oxysporum) were recovered, of which 70 % were from 
Honeybush fields; 30 % surrounding refugia. The 
leafhopper, Molopopterus sp., is one of the expressed 
problematic pests of cultivated Honeybush in South 
Africa. It compromises host usefulness in terms of quality 
and quantity of the yield through leaf discolouration 
and reduction of the photosynthetic area. Recovered 
isolates were screened for their virulence against 
adults and nymphs of Molopopterus sp.. Laboratory 
bioassays against adults and nymphs of the leafhopper 
showed that F. oxysporum isolates induced 10 – 45 % 
mortality and M. anisopliae isolates induced 30 – 80 % 
mortality. Metarhizium anisopliae isolates J S1, KF S3, 
KF S11, KF S13, LS1 and LS2 were the most virulent 
and induced over 60 % mortality in both nymphs and 
adults at a concentration of 1×107 conidia/ml. The study 
demonstrated the importance of soil as a source for 
entomopathogenic fungi with potential to control pests 
in agro-ecosystems. 

Microsporidia 2
Moderators: Jie Chen & Regina Kleespies

Oak Processionary Moth (Thaumetopoea 
processionea): A survey of its natural 

microbial antagonists in Germany

Regina G. Kleespies 1, Ute Koch 1; Paula Halbig 2;  
Horst 1 Delb 2

1Julius Kühn Institute (JKI) - Federal Research Centre 
for Cultivated Plants, Institute for Biological Control, 

Schwabenheimerstr. 101, 69221 Dossenheim, 
Germany; 2Forest Research Baden-Württemberg (FVA), 

Department of Forest Protection, Wonnhaldestr. 4, 
79100 Freiburg, Germany

Address for correspondence:  
regina.kleespies@julius-kuehn.de

From ten locations in Germany, samples of larvae and 
adults of Oak Processionary Moth (OPM: Thaumetopoea 
processionea) were collected in four years and 
examined for microbial antagonists including viruses. 
The chosen sites differed in climatic conditions as well 
as in population OPM densities. The total number of 
investigated OPM specimens was 4,332. In eight of ten 
study areas, entomopathogens of OPM were found. 
Microsporidia were the most commonly diagnosed 
natural antagonistic microorganisms. Both larvae and 
adults of OPM showed infection in varying degrees. 

Especially in one area (the nature reserve Prämer Berge, 
in Brandenburg), infection rates with microsporidia of 
up to 25% were observed. At several investigated sites, 
detections of entomo-pathogenic fungi (EPF) of the 
order Entomophthorales were remarkable. EPF of this 
order can lead to epizootics if the climatic conditions 
are favorable. Spore-forming bacteria from the Bacillus 
cereus s. l. group were also discovered. This group 
includes the lepidopteran-specific bacterium Bacillus 
thuringiensis ssp. kurstaki, which is effectively used for 
biological control of OPM in some areas. The potential 
contribution of microsporidia and other diagnosed 
microbial antagonists to natural population declines will 
be discussed.

Microsporidia in trematodes: ultrastructure 
and molecular characterization of a new 

species of Unikaryon from Probolocorphe 
lanceolata (Microphallidae) metacercarial 
cysts recovered from fiddler crabs Minuca 

rapax in Florida coast

Yuliya Y. Sokolova1*, Viatcheslav V. Dolgikh 2,  
Nancy F. Smith 3 Richard W. Heard 4

1Insitute of Cytology RAS; 2All-Russian Institute of Plant 
Protection, St. Petersburg, Russia; 3Eckerd College, St. 
Petersburg, Florida 4University of Southern Mississippi, 
Gulf Coast Res. Laboratory, Ocean Springs, MS, USA, 

*Current affiliation: NIH, Bethesda MD, USA
Address for correspondence: yysokolova@gmail.com

Up today, 36 species of microsporidia (M) have been 
recovered from digenean hosts. Nine of those belong to 
the genus Unikaryon. In the current study we examined 
Probolocorphe lanceolata metacercaria isolated from 
fiddler crabs. Interestingly, these crabs derived from 
the habitat known for a high percentage of gastropods 
Cerithideopsis scalariformis infected with the asexual 
larval stages of this microphallid. No M infection has 
been detected in gastropod stages of the trematode.  
At the same time about 10% of metacercaria isolated 
from four examined crabs, were infected. Infected 
cysts were heavily melanized and about twice as 
big as uninfected ones. Spores liberated from cysts 
measured 3.1-2.4 x 1.8-2.3 µm; some were seen in 
pairs. Ultrastructural examination revealed typical 
features of Unikaryon: mononucleate spores (measured 
2.5-2.8 x 1.2-1.6 µm on sections) in sets of 2 within thin 
membranes of parasitophorous vacuoles, eccentrically 
positioned anchoring discs, and large posterior vacuoles. 
Polar filaments were arranged in 6 coils. SSrDNA-based 
phylogenetic analysis placed the novel microsporidium 
within the Unikaryon branch. The sequence similarity 
with the closest match, Unikaryon panopei, was 96.7%. 
Though most Unikaryon spp. were examined by electron 
microscopy, SSrDNA sequence was available only for 
U. legeri and U. panopei before this study. Expanding 
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the number of species with known SSurDNA barcode 
allows better understanding structural divergence 
and speciation pattern within this interesting group of 
hyperparasitic M.

Seasonal dynamics of microsporidian 
infections in mosquitoes (Culicidae)

Artur Trzebny 1, Miroslawa Dabert 1

1 Molecular Biology Techniques Laboratory, Faculty of 
Biology, Adam Mickiewicz University, Poznan, Poland

Address for correspondence: arturtrzebny@amu.edu.pl

Mosquito–pathogen ecological interactions are 
influenced by climatic factors, including temperature, 
precipitation or humidity. Temperature, especially, can 
determine the ability of a mosquito to acquire, maintain 
and transmit a pathogen. Microsporidia-mosquito model 
seems to be suitable for studying this aspect because 
microsporidians are one of the largest and most diverse 
parasite group associated with mosquitoes. Here we 
used DNA-metabarcoding approach to reveal seasonal 
changes in microsporidians infecting mosquitoes 
(Culicidae). In total, 2,000 mosquito females and 
males (1:1) representing 9 species, were collected 
from June to October in 2019 and 2020 in Western 
Poland and screened for microsporidian DNA using the 
metabarcoding approach. Microsporidian DNA found 
in mosquitoes was assigned to the 12 known species 
representing 5 genera. Microsporidian prevalence was 
strictly corelated with monthly average temperature. 
During hottest months (>20°C) 52% of females and 
30% of males were positive for microsporidian DNA. 
Over the colder months (<19°C) infection rate was lower 
and amounted ca. 30% for both sexes. Amblyospora 
spp. and Hazardia sp. were noticed more often at 
the beginning of the summer (June), while most of 
Nosema spp. were detected during the middle of the 
seasonal cycle (July and August; the hottest months 
in Poland). In our sample, Hazardia sp. was Culex 
pipiens-specific microsporidian, whereas the increase 
of Amblyospora spp. and Nosema spp. positive 
individuals was associated with co-infections between 
these species. Polyxenic microsporidians dominated 
in our sample. We found Amblyospora, Hazardia and 
Nosema depending on the ambient temperature and 
that higher temperatures increase infections in females. 
This study was supported by National Science Center, 
Poland grant No. 2020/37/N/NZ8/01735 and Project 
POWR.03.02.00-00-I006/17

Nucleospora hippocampi, an Intranuclear 
Microsporidian Infecting the Seahorse 

Hippocampus erectus From China

Yuan Wang1,2, Na Ying1, Yanqing Huang1, Xiong Zou1, 
Xin Liu1, Letian Li1,2, Junfang Zhou1, Shu Zhao1, 
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The life cycle, ultrastructure, and molecular phylogeny 
of a new intranuclear microsporidian, Nucleospora 
hippocampi, infecting the intestine of the Hippocampus 
erectus, were described. The histopathology revealed 
an extensive infection, mainly in the columnar epithelium 
of the intestinal mucosa layer. The enterocytes were 
the important target cell for Nucleospora hippocampi 
infection. Transmission electron microscopy results 
showed that this microsporidian developed directly 
within the host cell nucleoplasm. In the intranuclear life 
cycle, the transformation from meront to sporogonial 
plasmodium was recognized by forming electron-
dense disc structures, which were considered the 
polar tube precursors. The microsporidian showed 
the typical morphological characteristics of the family 
Enterocytozoonidae in the formation and development 
of spore organelles prior to the division of the 
sporogonial plasmodium. According to wet smear 
observation, eight spores were generally formed in a 
single host nucleus. Mature spores were elongated 
ovoid with slightly bent and measured 1.93 × 0.97 μm. 
The isofilar polar tube was arranged in 7~8 coils in 
one row. Phylogenetic analysis of its small subunit 
ribosomal DNA sequences demonstrated that the 
parasite belonged to the Nucleospora group clade. 
The histological, ultrastructural, and molecular data 
support the emergence of a new species in the genus 
Nucleospora. This is the first report of Nucleospora 
species in Asia and threatened syngnathid fishes.

Microsporidia Chitin Synthase as a Target 
for Antimicrosporidial Drugs Screening

Junhong Wei 1,2, Zhihui Fei 1,2, Guoqing Pan 1,2,  
Zeyang Zhou 1,2,3

1State Key Laboratory of Silkworm Genome Biology, 
Southwest University, Chongqing, 400715, China; 

2Chongqing Key Laboratory of Microsporidia Infection 
and Control, Southwest University, Chongqing, 400715, 

China; 3College of Life Sciences, Chongqing Normal 
University, Chongqing, 401331, China
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Microsporidia are unicellular intracellular parasitic 
pathogenic fungi with a wide host range. They are not 
only opportunistic pathogens in humans, but are also 
an emerging threat for animal husbandry. Therapy for 
these pathogens in medicine and agricultural use has 
become a recent focus of attention. Currently, only a 
few antimicrosporidial drugs are commercially available. 
New therapeutic agents are needed for these infections 
and this is an active area of investigation. In this study 
we proved that chintin synthase (CHS) could serve as 
a potential target for antimicrosporidial drug screening. 
Knocking down expression of CHS in Nosema 
bombycis affected proliferation in host cells. Indirect 
immunofluorescence assay and immunoelectron 
microscopy results indicated that microsporidia chitin 
synthase located in the spore membrane and spore wall in 
mature spores. The inhibitory effects of competitive CHS 
inhibitor polyoxin and several synthetic noncompetitive 
CHS inhibitors were evaluated, most of them have 
anti-microsporidia activities and CHSi-a showed best 
performance. Compared with vehicle control group, 
the morphology of spores isolated from cells treated 
with polyoxin and CHSi-a changed significantly and 
their spore wall was also thinner. Flow cytometry assay 
showed that the chitin content of spores decreased after 
drug treatment. Our results suggest that chitin synthase 
inhibitor may inhibit the proliferation of microsporidia by 
affecting the synthesis of chitin in the spore wall.

Comparative proteomic analysis hints a 
whole down-regulation of lipid metabolism 

in hepatopancreas of Litopenaeus 
vannamei with light and heavy infection by 

Enterocytozoon hepatopenaei

Wu Yujiao1#, Chen Jie1#, *, Liao Guoli2, Hu Mengjiao1, 
Zhang Qing1, Meng Xianzhi1, Li Tian1, Long Mengxian1, 
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Enterocytozoon hepatopenaei (EHP) is the pathogen 
of hepatopancreatic microsporidiosis (HPM) in 
shrimp Litopenaeus vannamei, which exhibit slow 
growth syndrome causing severe economic losses 
in shrimp farm. Herein, 4D label-free quantitative 

proteomics was employed to analyze hepatopancreas 
of L. vannamei with light (EHPptp2<103 copies/50 
ng hpDNA, L group) and heavy (EHPptp2>104 
copies/50 ng hpDNA, H group) loaded EHP to better 
understand the pathogenesis mechanism of HPM. 
Pathway analysis of 786 (L group) and 1056 (H group) 
differentially expressed proteins (DEPs) versus EHP-
free (C group) control from 2781 quantified proteins, 
demonstrated cluster in lipid metabolism, amino acid 
metabolism and energy production processing like 
oxidative phosphorylation. Among the DEPs compared 
with L group, H group exhibited significantly down-
regulation in lipid metabolism, especially elongation and 
degradation of fatty acid, biosynthesis of unsaturated 
fatty acid, metabolism of α-linolenic acid, sphingolipid 
and glycerolipid, as well as down regulated juvenile 
hormone degradation. However, the ubiquitin mediated 
proteolysis was up regulated. Expression pattern 
analysis showed a positive correlation between the 
degree of infection and metabolic change. Verification 
of transcripts and free fatty acid abundance got a 
consistent variation trend. These findings suggest that 
EHP infection induced the consumption of storage lipid 
and whole down regulation of lipid metabolism as well 
as the coupling energy production, with the addition 
of hormone metabolism disorder that may well be 
responsible for the stunted growth. 

16h45 – 17h00 Break

17h00 – 19h00 NEMATODE DIVISION 
SyMPOSIUM

Entomopathogenic nematodes signalling and 
behavioural ecology translates into improved 

sustainable insect management 
(Chairs: Ivan Hiltpold & David Shapiro-Ilan)

Cracking the communication code: the role 
of semiochemicals in entomopathogenic 

nematode behavior

Alborn Hans1, Gaffke Allexander 1, Shapiro-Ilan David 2, 
Kaplan Fatma 3, Lewis Ed 4, Schliekelman Paul 5
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Below ground pests of agricultural crops have typically 
been controlled by soil fumigation. However, pest 
insects can also be controlled by beneficial organisms 
like entomopathogenic Nematodes (EPNs). This 
presentation will focus on EPN behavior and how we 
might use chemical ecology to further improve the use 
of entomopathogenic nematodes for control of below 
ground pest insects on agricultural crops. Like with 
insects, nematodes produce pheromones and respond 
to kairomones released by other organisms. EPNs (and 

mailto:weijunhong%40swu.edu.cn?subject=
mailto:wuyujiao523%40163.com?subject=
mailto:Hans.Alborn%40USDA.gov?subject=


59

other nematodes) use pheromones for mating and to 
induce dispersal and aggregation. EPNs also respond 
to host and host related semiochemicals and can be 
trained to respond to different volatile semiochemicals 
(terpenoids). However, we don’t fully understand the 
relative importance, or hierarchic order, of host versus 
host related semiochemicals. EPNs also utilize a follow 
the leader group behavior to aggregate, and mass infect 
a potential host but the nature of the species specific 
semiochemicals regulating those behaviors is unknown. 
We will present our progress on sampling, and chemical 
identifications, of semiochemicals that control and 
regulate EPN behavior. We will discuss how these 
semiochemicals might be used to improve the efficacy 
and host specificity of artificially reared as well as native 
EPNs.

Entomopathogenic nematodes on the 
edge: insects fight back!

Ivan Hiltpold1, Scott N. Johnson2, Ben D. Moore2, 
Duncan Brown3

1Entomology and Nematology, Agroscope, Nyon, 
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When the endgame is survival and reproduction, insects 
are strong competitors in the arm race. Despite the high 
potential of entomopathogenic nematodes to infect and 
kill insects, trait that can be improved by manipulating 
their signaling and behavioral ecology, there are 
noticeable management failures documented in the 
refereed literature. Some can be, for instance, explained 
by the lack of application technologies but most are the 
result of the very complex environment the nematodes 
are released in. Among these environmental factors, the 
insect ability to fight back the entomopathogenic worm 
infection is often neglected yet pivotal to the nematode 
success or failure to manage the arthropod pest. Cuticle 
grooming is a classical example of insect adaptive 
behavior to prevent nematode infection but they also 
evolved much more complex chemical and behavioral 
adaptations to fight back invading worms. Herbivorous 
insects can, for instance, accumulate defensive 
chemicals (elemental or very complex) from their host 
plant to enhance their native immune system or prevent 
penetration of entomopathogenic nematodes. Insects 
also adopted complex feeding behavior to shortcut plant 
call-for-help and recruitment of the entomopathogens, 
therefore remaining cryptic in soil. Based on chemical 
cues emitted by entomopathogenic nematode infected 
cadavers, insects are able to avoid these area below-
ground and remain is safer spots free(er) of natural 
enemies. These strategies and their implications on 
entomopathogenic nematode suitability in sustainable 
insect pest management will be discussed in details.

Dynamics of entomopathogenic nematode 
foraging and infectivity in microgravity

Fatma Kaplan1, David Shapiro-Ilan2,  
Karl Cameron Schiller 1

1Pheronym, Inc., Davis, CA, USA, 2USDA-ARS, Byron, 
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Microgravity is a unique environment to elucidate host–
parasite biology. Entomopathogenic nematodes (EPNs), 
model parasites, kill host insects with mutualistic bacteria 
and provide environmentally friendly pest control. 
It is unknown how microgravity affects a multistep 
insect invasion by parasites with mutualistic bacteria. 
EPNs respond directionally to electromagnetic cues 
and their sinusoidal locomotion is affected by various 
physical factors. Therefore, we expected microgravity 
to impact EPN functionality. Microgravity experiments 
during space flight on the International Space Station 
(ISS) indicated that EPNs successfully emerged from 
consumed insect host cadavers, moved through soil, 
found and infected bait insects in a manner equivalent 
to Earth controls. However, nematodes that developed 
entirely in space, from the egg stage, died upon return to 
Earth, unlike controls in microgravity and on Earth. This 
agricultural biocontrol experiment in space gives insight 
to long-term space flight for symbiotic organisms, 
parasite biology, and the potential for sustainable crop 
protection in space.

The artificial selection process using an 
odor cue increases the efficacy of the 

entomopathogen nematode Steinernema 
australe against Aegorhinus superciliosus 

(Coleoptera: Curculionidae) in berry 
orchards
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The entomopathogen nematode (EPN) Steinernema 
australe was first isolated in Chile and identified as a 
good alternative for controlling Aegorhinus superciliosus 
(Coleoptera: Curculionidae) larvae. This weevil is native 
to the south of Chile and some regions in Argentine, 
causing berries orchards› decline and death. The major 
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problem is caused by the larva, which spent between 
nine to eleven months below-ground and feeds inside 
the root-making galleries. This study seeks to increase 
S. australe’s efficacy through an artificial selection 
process by using an odor stimulus. We selected 
S. australe infective juveniles (IJs) that follow the 
stimulus and reach the larva faster at 30 cm deep. Larvae 
infected with selected IJs and IJs from the original stock 
were compared under laboratory, greenhouse, and field 
conditions. Insect mortality and EPN penetration were 
analyzed using ANOVA with the number of dead larvae 
and IJs that penetrated the larvae as response variables. 
Results showed a 20% increase in the efficacy of 
selected IJs compared with IJs from the original stock. 
The most remarkable effect of the selection process 
on S. australe was the increase in the proportion of IJs 
that reached the larva faster vertically down in the soil 
during the first four days post-application. Moreover, 
larvae treated with selected IJs depleted, showing a 
mix of nematodes’ stages emerging from the cadaver. A 
potential trade-off on nematodes’ recycling in the soil is 
proposed. This is the first report focusing on the effect of 
artificial selection to increase the efficacy of S. australe 
in the field.

The use of pheromones to improve efficacy 
of entomopathogenic nematodes

David Shapiro-Ilan1, Fatma Kaplan 2, Ed Lewis 3,  
Hans Alborn4 Paul Schliekelman5
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Entomopathogenic nematodes are used to control a 
wide variety of economically important insect pests. 
However, field efficacy can be inconsistent. The ability 
of a nematode to find and infect (invade) a host insect 
is critical to successful pathogenesis. Thus, elucidating 
mechanisms that enhance nematode dispersal and 
infectivity will lead to improved efficacy. We discovered 
that entomopathogenic nematodes move in groups, like 
a pack of wolves seeking their prey. We also discovered 
that the nematodes produce ascaroside-based 
pheromones that induce dispersal and infectivity. In 
laboratory, greenhouse and field experiments, biocontrol 
efficacy against target pests was substantially increased 
when entomopathogenic nematodes were exposed 
to these pheromones. New research will expand upon 
these findings. 

19h00 – 19h15 Break

19h15 – 19h45 Q & A SESSIONS

Fungi 3
Moderator: Michelle Guererro

Management of hatching spotted lanternfly 
(Lycorma delicatula) with overwintering 

applications of Beauveria bassiana

Jason Bielski 1; Stefan Jaronski 1, Doug Pfeiffer 1
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Address for correspondence: jbiel654@vt.edu, 

sjaronski01@vt.edu, dgpfeiff@vt.edu

The spotted lanternfly (Lycorma delicatula) was 
introduced to the United States in the last decade, and 
since its introduction, they have spread to over a dozen 
states. In their non-native ranges, L. delicatula displays 
preferences for grapevines. In addition to grapevines, 
L. delicatula negatively affects various economic 
sectors resulting in trade quarantines. Many vineyard 
operations have reported an increased frequency 
of broad-spectrum pesticide application per year to 
manage L. delicatula. Controlling pest species with 
biological control agents is one aspect of integrated 
pest management to help reduce chemical applications. 
The entomopathogenic fungi, Beauveria bassiana 
have been field-tested with some efficacy against 
nymphal and adult L. delicatula. Little research has 
been done on the efficacy of B. bassiana applications 
against L. delicatula egg masses, the overwintering 
life stage. This research examined the efficacy of two 
commercially available strains and formulations of 
B. bassiana against overwintering L. delicatula egg 
masses during various seasonal timings. Additionally, 
the ability of the B. bassiana treatments to survive winter 
freeze-thaw events was investigated. This research has 
demonstrated the potential of B. bassiana as a biological 
control agent for integrated control against hatching 
L. delicatula.

Development of entomopathogenic fungal 
library with insecticidal activity against 

Spodoptera frugiperda

In Soo Jeon1, So Eun Park1, Ye Ram Im1, Yu Jin Jeong1, 
Yu Lim Park1, Ki Jung Kim1, Ga Hyeon Song1,  

Jong Cheol Kim1, Jae Su Kim1,2*

1Department of Agricultural Biology, Jeonbuk National 
University, Korea; 2Department of Agricultural 

Convergence Technology, Jeonbuk National University, 
Korea
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Spodoptera frugiperda is an invasive polyphagous pest 
derived from America. It has annually invaded to Korea 
at summer season since it was firstly reported in 2019. 
To minimize the damages by S. frugiperda, appropriate 
control methods should be studied and developed. This 
study aimed to assess the potential of entomopathogenic 
fungi as biological control agents against S. frugiperda. 
Ninety-three isolates of entomopathogenic fungi were 
selected to investigate insecticidal activity against 
2nd instar larvae of S. frugiperda. Of the isolates, 
thirty-four isolates showed 100% mortality at 8 days 
after fungal treatments in laboratory conditions. The 
productivity and thermotolerance of conidia cultured 
on 1/4 SDA were evaluated to figure out the potential 
for field application. About ten isolates were selected 
to determine the high virulence against S. frugiperda. 
Among the ten isolates tested, Metarhizium anisopliae 
IUL024 and Beauveria bassiana MMD074 showed the 
virulence of 83.3% mortality to pupae at soil treatment 
test. B. bassiana MMD074 and RBS022 caused 4th 
larvae mortality of 93.3% and 86.7%, respectively. In this 
work, we evaluated the virulence of entomopathogenic 
fungi against different stages of S. frugiperda. The 
results indicated that M. anisopliae IUL024, B. bassiana 
MMD074 and, RBS022 would be practical biological 
control agents for the management of S. frugiperda.

Diversity of fungal entomopathogens 
of Gonipterus sp. 2 in South African 

Eucalyptus plantations

Marizanne Jones 1, Neriman Yilmaz 2, Brett P. Hurley 1, 
Bernard Slippers 2, Michelle L. Schröder 1

1Department of Zoology and Entomology, Forestry and 
Agricultural Biotechnology Institute (FABI), University 

of Pretoria, Hatfield 0028 South Africa, 2Department of 
Biochemistry, Genetics and Microbiology, Forestry and 
Agricultural Biotechnology Institute (FABI), University of 

Pretoria, Hatfield 0028, South Africa
Address for correspondence:  

marizanne.jones@fabi.up.ac.za

Beauveria bassiana causes white muscardine disease 
in insects and is widely used in biological control in 
integrated pest management systems. The diversity 
of entomopathogens associated with insect pests 
of Eucalyptus in South Africa is not well known. The 
study aimed to determine the diversity of Beauveria 
spp. and other entomopathogens associated with 
the Eucalyptus snout beetle, Gonipterus sp. 2. Field 
collected beetles from various Eucalyptus plantations 
were placed in moisture chambers until fungal growth 
was observed. Fungi were isolated and purified on Malt 
Extract Agar (MEA). DNA was extracted and the ITS and 
Bloc gene regions were sequenced to determine their 
phylogenetic relationships. From the initial 80 isolates 
sequenced, 37% consisted of Beauveria spp., 44% 
were opportunistic entomopathogens (71% Fusarium 

and 29% other fungal species) and 19% belonged 
to other fungal genera. Three species within the 
B. bassiana species complex and B. pseudobassiana 
were identified, but needs to be confirmed using data 
from the RPB1 gene region to compare our isolates to 
the recently described species B. namnaoensis and 
B. neobassiana. Results from this study will provide a 
better understanding of the entomopathogen diversity 
associated with Gonipterus sp. 2 in South Africa and its 
potential use in biological control programmes.

Pathogenicity of Metarhizium isolates on 
preimaginal life stages of Bactrocera tryoni 

(Froggatt) (Diptera: Tephritidae)

Madita Lauer 1, Aimee McKinnon 2,  
John Paul Cunningham 2

1Agriculture Victoria, Tatura SmartFarm, 255 Ferguson 
Road, Tatura, VIC 3616, Australia; 2Agriculture Victoria, 

AgriBio Centre, 5 Ring Road, Bundoora,  
VIC 3083, Australia

Address for correspondence:  
madita.lauer@ecodev.vic.gov.au

Australia’s primary fruit fly pest species is the Queensland 
fruit fly, Bactrocera tryoni Froggatt (Diptera: Tephritidae). 
Current management strategies for this highly 
polyphagous species focus on targeting adult flies, while 
management of the soil-dwelling life stages is limited. The 
pathogenicity of 12 locally obtained Metarhizium isolates 
(within the M. anisopliae complex) were initially screened 
under laboratory conditions against the soil-dwelling life 
stages of B. tryoni. Following exposure of third instar 
larvae to Metarhizium formulations (1 x 107 conidia mL -1, 
treated in vermiculite), average adult emergence across 
isolates ranged from 2 to 69 %. The average percentage 
mortality of pupae with noticeable mycosis ranged from 
27 to 92 %, depending on the tested fungal isolates. 
Additionally, emerging adults from treated preimaginal 
stages showed a trend of a shorter life span compared 
to the untreated controls, with observable mycosis upon 
death from 13 to 77 %. These initial results suggest that 
the locally obtained Metarhizium species may have 
potential as biopesticides for controlling soil-dwelling 
life stages of B. tryoni. Further work will investigate 
changes in the susceptibility to a Metarhizium infection 
during the development of soil-dwelling B. tryoni from 
late instar larvae to final pupal stages and assess the 
dose-dependent virulence of the three most promising 
isolates in non-sterile conditions.
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Entomopathogens tested for their efficacy 
against the invasive polyphagous shot hole 

borer, Euwallacea fornicatus

Wilma J. Nel 1, Bernard Slippers 1, Michael J. Wingfield 2, 
Neriman Yilmaz 2, Brett P. Hurley 1
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The invasive ambrosia beetle, Euwallacea fornicatus, was 
first reported in South Africa in 2017, but some records 
indicate it could have been present in the country since 
at least 2012. The beetle has subsequently spread to all 
but one province and has had a devastating impact on 
various native and non-native tree species, especially in 
urban areas. There is an urgent need to develop effective 
control measures for E. fornicatus or its symbiotic fungi. 
Biological control is preferred over chemical control due 
to its lower environmental impact and non-target risks. 
We tested three entomopathogenic agents, two fungal 
and one bacterial, that are commercially available in 
South Africa, for efficacy against E. fornicatus beetles. 
The initial laboratory trials using a Petri dish model 
yielded promising results for the two fungal agents, with 
both Eco-BB (containing a Beauveria bassiana strain) 
and BioInsek (containing a mixture of B. bassiana and 
Metarhizium anisopliae) resulting in a marked decline in 
beetle survival over ten days compared to the controls. 
The bacterial product Delfin (containing a Bacillus 
thuringiensis strain) did not yield significant results, likely 
due to the mode of action of bacterial entomopathogens 
not being ideal for the system being investigated. Beetle 
infestation trials using entomopathogen treated cut logs 
to test the efficacy and practical application of the two 
fungal agents are ongoing.

Beauveria bassiana sensu lato JEF-
410 in management of poultry red mite, 
Dermanyssus gallinae (Mesostigmata: 

Dermanyssidae)

So-Eun Park1, Yeram Im1, Insoo Jeon1, Yulim Park1, 
Yujin Jeong1, Jong Cheal Kim1, Jae Su Kim1,2

1Department of Agricultural Biology, Jeonbuk National 
University, Korea; 2Department of Agricultural 

Convergence Technology, Jeonbuk National University, 
Korea

Address for correspondence: pse0330@naver.com

The red mite, Dermanyssus gallinae (Mesostigmata: 
Dermanyssidae), is one of the most serious pests in 
chicken farming and causes serious economic losses. 
Overuse of chemical insecticides has caused pest 
resistance as well as environmental residual toxicity to 
chickens and eggs. Therefore, given the warm and humid 
conditions of chicken farms, alternative application with 
entomopathogenic Beauveria bassiana was investigated 
to control D. gallinae. Based on the characterization and 
virulence assays of B. bassiana isolates against red mite, 
a red mite- pathogenic fungal library was constructed. 
A total of highly virulent six B. bassiana isolates were 
selected from the virulence screening and tested fungal 
virulence, conidial production, and thermotolerance. 
And the non-ionic surfactant showed high synergistic 
effect against red mites. JEF-410 considered to be the 
best candidate for industrialization showed a dose-
dependent virulence against red mite nymphs. In 
conclusion, B. bassiana JEF-410 having higher control 
efficacy than cypermethrin could be effectively used to 
control D. gallinae in the fungus-friendly humid chicken 
farms. Challenge of controlling the red mite using 
B. bassiana in chicken farm, such as formulation and 
circulation period is possibly improved.

Insecticidal activity of new Metarhizium 
isolates against different populations of 
CRB larvae from Papua New Guinea and 

Solomon Islands

Laura Villamizar 1, Alphonse Luange2, Katayo Sagata2, 
Paul Gende3, Helen Tsatsia4, Freda Mudu4, Clyde Zot4, 

Mitchell Weston1, Corzzie Possala6, Gloria Barrera5, 
Sean Marshall1, Sarah Mansfield1, Travis Glare6, Trevor 

Jackson1
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The coconut rhinoceros beetle (CRB) (Oryctes 
rhinoceros) is one of the most destructive insect pests 
of coconut and oil palm in tropical Asia and the Pacific 
Islands. A new variant, known as CRB-G, has spread 
into the Pacific Islands causing significant levels of 
damage. Biopesticides containing Metarhizium spp. 
are the strongest candidates for fungal biological 
control against the emerging CRB threat and selection 
of the most virulent and robust isolate could be the 
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determining factor for success. In this work, CRB 
specimens with natural fungal infection were collected 
in Papua New Guinea (PNG) and Solomon Islands 
(SI). Putative entomopathogenic fungi were isolated, 
identified and multiplied on rice. These new isolates 
and some previously obtained from other Pacific 
countries were tested for virulence against CRB larvae 
populations at PNG and SI in lab bioassays. Four 
isolates identified as Metarhizium majus (conidia length 
~10-15 µm) were obtained from SI and five isolates 
identified as Metarhizium pinghaense (conidia length 
~4-6 µm) were obtained from PNG. Conidia yield on rice 
was 10 times higher for M. pinghaense (109 conidia/g) 
in comparison with M. majus, which could be related 
with the differences in conidia size. The most virulent 
isolate was M. majus SI4 that caused 100% mortality in 
20-23 days against the old variant (CRB-S) in bioassays 
carried out in PNG, whereas isolates of M. pinghaense 
did not show pathogenicity against larvae. M. majus 
SI4 isolate was also the most virulent against the mixed 
population (CRB-S and CRB-G) at SI and was selected 
for further evaluation under field conditions.

Nematodes 2
Moderators: TBA

Variation in the reproduction of the 
biological control nematode Deladenus 
siricidicola on Amylostereum areolatum 

strains

Firehiwot B. Eshetu 1, Irene Barnes 1, Helen F. Nahrung 2, 
Katrin N.E. Fitza 1, Bernard Slippers 1 

1Department of Biochemistry, Genetics and 
Microbiology, Forestry and Agricultural Biotechnology 
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South Africa; 2Forest Industries Research Centre, 
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Deladenus siricidicola is the primary biological control 
agent that is used to manage Sirex noctilio, an invasive 
woodwasp that threatens pine trees in several countries 
in the world. The Kamona strain (lineage B) of this 
nematode originally selected from Australia has been 
extensively used commercially as a biological control 
agent throughout the Southern Hemisphere. To the 
existing three lineages (A=North America, B=Southern 
Hemisphere, C=Spain), a new lineage (lineage D) 
of D. siricidicola was recently identified in Australia, 
creating an opportunity to select additional strains 
for use in the biological control programs. Variability 
in reproduction and nematode fungus compatibility 
has been noticed in previous studies. In this study we 
aimed to explore the reproduction ability of five different 
D. siricidicola strains from lineages B and D on four 
different strains of A. areolatum. There was significant 

variation in reproduction between the five D. siricidicola 
strains feeding on four A. areolatum strains. With 
D. siricidicola isolate V457 (lineage D) producing a 
higher mean number of offspring on two Australian 
fungal strains (CMW49995 and CMW40871), and a 
strain recovered from South Africa (CMW46043). These 
results highlight why nematode mass production should 
consider the effect of diversity and nematode-fungus 
interaction patterns when incorporating D. siricidicola 
into biocontrol programs. 

Characterising Deladenus (Rhabditida, 
Nematoda) species associated with 

Siricidae in North America from preserved 
specimens

Katrin N.E. Fitza 1, Jeremy Allison 2,3, Bernard Slippers 1

1Department of Biochemistry, Genetics and Microbiology, 
Forestry and Agricultural Biotechnology Institute (FABI), 
University of Pretoria, Pretoria 0002, South Africa; 
2Canadian Forest Service, Great Lakes Forestry Centre, 
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Address for correspondence:  
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The Siricidae (Hymenoptera), commonly known as 
woodwasps, have wood-boring larvae that can cause 
damage to infested wood. One hundred and twenty-
two species are known worldwide, of which 23 species 
are native to North America. Deladenus species 
are known as parasites of Siricidae. Twenty-eight 
Deladenus spp. have been described thus far, but few 
studies have focused on the diversity of these species 
in North America. The best known of these species is 
D. siricidicola that is used as a biological control agent 
against the woodwasp Sirex noctilio. This wasp has 
invaded various regions of the world and has caused 
significant economic losses to forestry industries. 
Deladenus spp. have a free-living life cycle during which 
they live off the symbiotic fungus associated with the 
woodwasps. This part of the life cycle is useful to mass 
rear the nematode for biological control application.  
In this study preserved samples that represent the 
breadth of North American Siricidae and their Deladenus 
infections were characterised using DNA sequence 
data. Molecular characterization for Siricidae was 
achieved using sequence data from the mitochondrial 
cytochrome oxidase subunit 1 (mtCOI DNA) and the 18S 
rDNA gene regions. For Deladenus spp. sequence data 
from the mitochondrial cytochrome oxidase subunit 
1 (mtCOI DNA) and the internal transcribed spacer 
gene region (ITS DNA) were used. Of the 104 Siricidae 
samples 23 samples were infested with Deladenus spp. 
Twenty-two Siricidae species and four Deladenus spp. 
were represented amongst these samples and many 
of them are characterised with DNA sequence data for 
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the first time in this study. New Siricidae – Deladenus 
sp. associations were also discovered. Apart from the 
insights into the diversity and associations of these 
organisms, the study provides an important molecular 
barcoding database for future studies on Siricidae – 
Deladenus associations, its evolution and its potential 
for use in biological control programs. 

Oscheius basothovii entomopathogenic 
nematodes isolated from South Africa: 

Potential biological control agents

Lephoto Tiisetso Elizabeth

Microbiology and Biotechnology Department, School 
of Molecular and Cell Biology, University of the 
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Address for correspondence:  
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Entomopathogenic nematodes in the genera Hetero-
rhabditis and Steinernema have emerged excellent as 
non-chemical alternatives for control of insect pest 
population. They have a specific mutualistic symbiosis 
with bacterial symbionts in the genera Photorhabdus 
and Xenorhabdus, respectively. The recently identified 
nematodes belonging to the genus Oscheius have been 
reported to act as vectors for insect pathogenic bacteria 
belonging to the genus Serratia. Like steinernematids 
and heterorhabditids the above species from the genus 
Oscheius also behave like EPNs in that they are capable 
of foraging for and locating their insect hosts in soil. 
During a recent soil sample survey in Heidelberg at 
the Suikerbosrand Nature Reserve near Johannesburg 
in South Africa, a new entomopathogenic nematode 
species, collected from a grassland was discovered. 
Oscheius basothovii was isolated from soil samples 
using the Galleria mellonella bait method. Amplification 
and Sanger sequencing of the 18S ribosomal DNA 
placed the nematode in genus Oscheius. Morphological 
studies with light and scanning electron microscopy 
confirmed its anatomical affinities with the genus. 
The new species is characterised by various traits 
including its original 18S rDNA sequence, six lips and 
amphidelphic reproduction. Males were characterised 
by the presence of spicules towards their posterior 
end and short blunt tails. Females had a body with 
irregular ridges, a vulva opening, and long pointed tails. 
The infective juveniles of this new species can invade 
G. mellonella and Tenebrio molitor larvae and cause 
mortality within 24-72 after inoculation under laboratory 
conditions. For its ability to infect and kill insects, it is 
highly recommended as a potential biopesticide.

Characterisation of new entomopathogenic 
nematodes and their symbiotic bacteria

Nokuthula Mabena, Tiisetso E Lephoto

Microbiology and Biotechnology Department, School 
of Molecular and Cell Biology, University of the 

Witwatersrand, Braamfontein 2050, Johannesburg, 
South Africa

Address for correspondence:  
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Entomopathogenic nematodes (EPNs) are lethal obligate 
parasites to insects that naturally reside in different 
types of soil habitats and form symbiotic relationships 
with specific species of pathogenic bacteria. EPNs 
from the genera Steinernema, Heterorhabditis, and 
Oscheius have mutualistic associations with bacteria 
from the genus Xenorhabdus, Photorhabdus, and 
Serratia, respectively. They are effective in managing 
and controlling populations of a variety of economically 
important insect pests through the integrated pest 
management (IPM) system. They infect and kill various 
insect pests that are soil-dwelling and are safe to 
non-target organisms hence they are largely used as 
biological control agents. More research is needed to 
explore unexplored geographic areas with the goal of 
identifying and exploiting additional EPNs species and 
evaluating their suitability as a successful biological 
control against pests within specific local environments. 
The aim of this study was to isolate, identify and 
phylogenetically analyse a new EPNs species and their 
symbiotic bacteria using morphological and molecular 
techniques. The EPNs were isolated from soil samples 
collected in Mahobong, Lesotho and baited with Tenebrio 
molitor. The morphological analysis was achieved using 
light and scanning electron microscopy, and molecular 
techniques included amplifying and sequencing the 
highly conserved 18S rDNA gene for the EPNs; and 
the 16S rDNA gene for the bacteria. The nematode that 
was isolated was a new previously uncharacterised 
Cruznema species, which has not yet been reported as 
being pathogenic to insects.

Is entomopathogenic nematode 
susceptibility to benzoxazinoids due to 
activation of the benzoxazinoid bomb?

Dorothy Maushe, Vera Ogi, Lucie Kesnerova, Xi Zhang, 
Matthias Erb, Christelle Aurélie Maud Robert,  

Christian Parisod
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Benzoxazinoids are plant specialized metabolites 
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produced by cereals, like maize and wheat. The Western 
corn rootworm (WCR, Diabrotica virgifera virgifera), 
a specialist root herbivore, sequesters benzoxazinoids 
and uses them against its natural enemies, 
entomopathogenic nematodes (EPNs). Interestingly, 
EPN susceptibility to benzoxazinoids between strains 
varies considerably. Here we investigated whether 
the differential susceptibility was due to differences in 
benzoxazinoid metabolization. We compared 10 EPN 
strains from America, Europe, Asia, and Australia. We 
found six susceptible and four benzoxazinoid resistant 
strains. By incubating these strains with HDMBOA-glc, 
one of the three benzoxazinoids in WCR, we found that 
the EPN metabolization and survival rates differ. The 
different metabolization processes are discussed in the 
light of EPN adaptation to benzoxazinoids. 
This study will be useful in developing EPN breeding 
programs for sustainable agriculture. 

Genomics of plant toxin resistance in 
entomopathogenic nematodes

Vera Ogi 1, Dorothy Maushe 1, Lucie Kesnerova 1, 
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Some specialized herbivores have evolved the ability to 
sequester plant specialized metabolites as a defence 
against their own natural enemies. For example, the 
Western Corn Rootworm (WCR), Diabrotica virgifera, 
stabilizes and sequesters maize benzoxazinoids that are 
toxic for its natural enemies such as entomopathogenic 
nematodes (EPNs). American EPN strains, which share 
a long evolutionary history with the WCR, have evolved 
strategies to cope with the presence of the toxins. On 
the other hand, European strains with a much shorter 
evolutionary history with the WCR suffer from the 
presence of benzoxazinoid derivatives and have limited 
infectivity success. In this work, we aimed at identifying 
the genomic basis of EPN resistance to benzoxazinoid 
derivatives. First, we performed a chromosome-scale 
de novo assembly of the Heterorhabditis bacteriophora 
genome. Second, we sequenced 35 strains of 
H. bacteriophora and close relatives, originating from 
different locations worldwide. This sequencing effort 
allowed us to support a new classification of several 
Heterorhabditis strains. By associating genomic 
variability to EPN benzoxazinoid susceptibility, we 
identified loci that harbour genes potentially involved 
in EPN adaptation to benzoxazinoids. Finally, we 

used various approaches to correlate the origin of the 
strains with their benzoxazinoid-modulated infectivity. 
Our results are relevant to clarify the phylogeny of 
H. bacteriophora and to provide robust genomic 
resources for future studies. Understanding the genetic 
variability of H. bacteriophora and its importance in 
resistance to sequestered toxins will be crucial to further 
develop efficient and sustainable pest management 
strategies.

The genetics of the interactions between 
the invasive forest pest, Sirex noctilio and 
its biocontrol agent, Deladenus siricidicola
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Sirex noctilio is an economically important invasive 
insect pest of pine trees. The nematode, Deladenus 
siricidicola is the main biocontrol agent used against this 
woodwasp in the Southern Hemisphere. The efficacy of 
the nematode to sterilise the woodwasp is variable, and 
loss of virulence due to continued laboratory rearing might 
contribute to this. In this study, we used the genome and 
transcriptome data of S. noctilio and D. siricidicola to 
investigate key components underlying the interactions 
between these organisms on a molecular level. Genes 
putatively involved in nematode infection of insects 
were identified from the D. siricidicola genome. The 
differential expression of the identified genes between 
wild and laboratory-reared strains was investigated. 
Furthermore, immune-related genes were identified 
in the genome of S. noctilio, and the transcriptomes 
of larvae infected with D. siricidicola were sequenced 
and analysed to study the immune response of the 
insect. In S. noctilio, the Toll signalling pathway was 
highly conserved and appears to play an important 
role in infection recognition. Immune modulation genes 
that might be of importance have been identified in 
D. siricidicola and include proteolytic enzymes such 
as serine proteases and glycolytic enzymes such as 
enolase. The induction of antioxidant genes during 
the melanisation pathway was also downregulated 
during infection by D. siricidicola. This study lays the 
foundation for understanding the intricate interaction 
between this parasite and its host at a molecular level 
and could ultimately aid in the selection and breeding of 
more virulent biocontrol agents. 
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Moderator: Kayvan Etebari

An ancient member of the Nimaviridae 
infects an invasive amphipod in the  

United Kingdom 

Amy L Burgess1, Natalya Yutin 2, Eugene Koonin 2, 
Jamie Bojko1

1 National Horizons Centre, Teesside University, 
Darlington, DL1 1HG, UK; 2 National Centre for 
Biotechnology Information, National Library of 

Medicine, National Institutes of Health, Bethesda, 
Maryland, USA

Address for correspondence: a.burgess@tees.ac.uk

White spot syndrome virus (WSSV) is the most 
economically damaging viral pathogen in the global 
shrimp industry, causing billions in annual losses. The 
only recognised member of the Nimaviridae is the 
Whispovirus genus, which incl udes WSSV. Hundreds 
of manuscripts are published each year that highlight 
the importance of understanding and controlling 
this virus, as well as attempting to figure out its 
origin. The evolutionary history of this economically-
important pathogen has been particularly difficult to 
unravel. Recently, several endogenous and exogenous 
nimaviruses have been discovered from decapod 
crustaceans, allowing insight into their genetic diversity, 
evolution, and virulence. We characterise an exogenous 
nimavirus infecting the hepatopancreas of the invasive 
amphipod, Dikerogammarus haemobaphes, putatively 
named ‘Dikerogammarus haemobaphes whitespot-
like virus’ (DhWSSV). Histopathology and fluorescent 
in situ hybridisation are used to demonstrate that the 
virus infects the nuclei of hepatopancreatic epithelia. 
Metagenomic tools (Nanopore and Illumina) were used 
to complete the circular 231,466bp genome, which 
encodes a predicted 103 ORFs. Phylogenetic analysis 
suggests that this virus is an early diverging member 
of the Nimaviridae. The characterisation of DhWSSV 
opens doors to further evolutionary study, offering the 
potential to explore the genomic events that precede 
the emergence of one of aquacultures most deadly 
pathogens.

Novel Insect Virus Discovery in Two Major 
Root Feeding Pests of Sugarcane in 

Australia.

Kayvan Etebari1, Michael J. Furlong1

School of Biological Sciences, The University of 
Queensland, St Lucia QLD 4072, Australia

Address for correspondence: k.etebari@uq.edu.au

In Australia, canegrubs (Coleoptera: Scarabaeidae) 
and soldier flies (Diptera: Stratiomyidae) are the major 
insect pests of sugarcane, and they cause significant 
yield losses in some regions. Developing novel and 
innovative solutions for control of root-feeding pests in 
sugarcane is a strategic research priority. Despite long-
term and intensive research, no commercially viable 
biological control agents have been identified for these 
two major pests. We used the RNA-seq approach to 
explore the viriomes of several species of canegrubs 
(Greyback (Dermolepida albohirtum), French (Lepidiota 
frenchi), and Negatoria canegrubs (L. negatoria) and 
solider flies (Inopus flavus) from central Queensland 
to identify potential candidates for biological control. 
So far, we have identified six novel RNA viruses from 
three species of canegrubs and five novel viruses from 
salivary glands of soldier fly larvae. In this research 
we have characterized the viral genomes and inferred 
their evolutionary relationships with other closely 
related viruses. These are possibly novel viruses from 
Flaviviridae, Dicistroviridae, Totiviridae, and unassigned 
members of Reoviruses, Sobemoviruses, Picornaviruses 
and Benyviruses. Identification of insect-specific viruses 
with the potential for biological control will improve our 
capability to deal with pests currently threatening the 
sugarcane industry in Australia and this might have 
implications for control further afield.

Unraveling how viruses enter caterpillar 
brains to further understand virus-induced 

hyperactivity

Simone N. Gasque 1, Dorothy van Leeuwen1, Yue Han1, 
Alexander Haverkamp 2, Monique M. van Oers1,  

Vera I.D. Ros 1

1 Laboratory of Virology, Wageningen University 
and Research, Droevendaalsesteeg 1, 6708 PB 
Wageningen, The Netherlands; 2 Laboratory of 

Entomology, Wageningen University and Research, 
Droevendaalsesteeg 1, 6708 PB Wageningen,  
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Address for correspondence: simone.gasque@wur.nl

Parasitic alteration of host behaviour can be caused by a 
broad range of organisms. Only a few of these parasites 
are known to manifest and alter these behavioural-
changes from the central nervous system (CNS) itself 
(so called neuroparasites), and little is known about 
the mechanisms behind these alterations. As many 
distinctive behaviours can be traced back to the up- or 
down regulation of neurotransmitters, our search for the 
mechanisms behind the alteration of behaviour started 
with immunolabelling for these neurotransmitters and 
their precursors. This resulted in the first model of the 
CNS of Spodoptera exigua larvae (one of the few of larval 
instars) and of the immunoreactive neurons of the major 
neurotransmitters in insect nerve signaling. The crucial 
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role of the catalytic function of viral protein tyrosine 
phosphatase (PTP) for the expression of hyperactivity 
upon infection has previously been shown in Autographa 
californica multiple nucleopolyhedrovirus (AcMNPV). 
Along with our findings that PTP is not needed for brain 
entry, as mutant AcMNPV viruses without PTP or with 
an enzymatically inactive PTP can successfully enter the 
brain. We postulate that there are either more factors 
involved than solely PTP and/or that the initial offset of 
hyperactivity is initiated at earlier steps outside of the 
CNS.

Genomes of “Filamentous Viruses” 
Infecting Parasitic Wasps reveals a New 

large dsDNA Virus Family

Benjamin Guinet*1, Matthieu Leobold*2,  
Jean-Michel Drezen2, Elisabeth Herniou2,  

Julien Varaldi1, Annie Bézier 2 

1 LBBE-UMR CNRS 5558 UCB Lyon 1, Bât. Grégor 
Mendel 43 bd du 11 novembre 1918, 69622 

VILLEURBANNE ; 2 IRBI - UMR CNRS 7261 Université 
de Tours, Parc de Grandmont, 37200 Tours 

Address for correspondence:  
matthieu.leobold@univ-tours.fr

Nuclear arthropod large DNA viruses (NALDVs) 
correspond to the Naldaviricetes class, which includes 
the families Baculoviridae, Nudiviridae, Hytrosaviridae, 
and Nimaviridae. The systematic classification of 
“Filamentous viruses” within one of these families 
remains unclear. Genomic data, infection process 
and particle morphology suggest that they are most 
closely related to the Hytrosaviridae, although they 
remain phylogenetically distant. Here, we characterized 
six new filamentous viruses discovered in different 
endoparasitoid wasps. As this dataset comprises 
four complete genomes, including that of Leptopillina 
boulardi Filamentous Virus (LbFV) genome, we could 
infer the core genome, study gene order and reconstruct 
phylogeny. Our results show that “Filamentous viruses” 
as a group harbor distinguishing features from the 
Hytrosaviridae. This study lays the foundation for the 
description of a new viral family, opening an area for 
research on wasp-virus interaction and showing a more 
global picture of the importance of virus discovery.

Interactions between the lepidopteran gut 
microbiome and baculoviruses

Danielle H. Ogilvie, Jenny S. Cory

Department of Biological Sciences, Simon Fraser 
University, 8888 University Drive, Burnaby,  

BC Canada V51 126
Address for correspondence: dogilvie@sfu.ca

Microbial communities within the gastrointestinal tracts 
of insects have been well documented, with bacteria 
providing aide in nutrient provisioning, colonization 
resistance, and immune responses. As Lepidopteran 
species have a fairly transient microbiome—due to 
the dramatic physiological changes during each instar 
moult—the role of the transient gut microbiome for 
pathogen defense is less clear. One significant study 
notes that Spodoptera exigua larvae infected with a 
baculovirus enhanced viral fitness whilst increasing gut 
microbiota in the host. With significant literature gaps, 
the role of the Lepidopteran microbiome in response to 
baculovirus infection remains unknown in Malacosoma 
californicum pluviale (Western tent caterpillar). 
Population dynamics are found to be influenced by 
baculovirus infections, as observed in this well-studied 
field system. Two main objectives are to be investigated. 
Firstly, as to whether the gut microbiota aids in altering 
baculovirus infection (in terms of mortality, speed of kill, 
and yield). Second, does alteration of the microbiome 
(through antibiotics), and thus altering species diversity, 
contribute to this interaction. This research aims to 
address the knowledge gaps regarding pathogen 
defense and the role of the microbiome in Lepidopteran 
species. 

Fantastic nudiviruses and where to find 
them: Current phylogeny and degenerate 
primer design for Nudiviridae screening

Jirka Manuel Petersen 1,2, Annie Bézier 2,  
Jean-Michel Drezen 2, Monique M. van Oers 1*

1 Laboratory of Virology, Wageningen University and 
Research, 6708 PB Wageningen, the Netherlands; 
2 Institut de Recherche sur la Biologie de l’Insecte, 

UMR7261 CNRS - Université de Tours,  
37200 Tours, France

Address for correspondence:  
jirkamanuel.petersen@wur.nl

Nudiviruses are double-stranded DNA viruses that can 
cause varied degrees of disease in all developmental 
stages of several insect orders (Diptera, Lepidoptera, 
Coleoptera, Orthoptera) and aquatic crustaceans. 
Next-generation sequencing (NGS) drove forward new 
nudivirus discoveries and their genome characterizations, 
allowing the optimization of their phylogeny and reveal 
more accurate evolutionary connections with related 
groups (Baculoviridae, Polydnaviridae, Hytrosaviridae). 
On the other hand, diagnostic initial tools for nudivirus 
detection are scarce. Hence, next to an updated 
Nudiviridae phylogeny, a degenerate primer-mediated 
approach to screen for nudiviruses in insects is 
provided. Our current phylogeny involves the analysis 
of 17 concatenated core genes from 22 nudivirus 
species with the addition of two bracoviruses and one 
baculovirus taken as an outgroup. The addition of two 
recently published crustacean nudiviruses from the 
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giant freshwater prawn (Macrobrachium rosenbergii) 
and the mangrove tree crab (Aratus pisonii) provides 
better node support and resolution than a previously 
published phylogeny. It strengthens the assumption that 
the deltanudivirus, Tipula oleracea nudivirus (ToNV), is 
the closest exogenous nudiviral relative to bracoviruses, 
while also revealing an earlier diversification of 
the betanudivirus branch from the gamma- and 
deltanudiviruses than previously thought. We further 
show that our two degenerate primer pairs are efficient 
to target the respective genes from the DNA of three 
nudivirus species belonging to two distinct genera. The 
primers are ineffective on the phylogenetically distanced 
ToNV, most probably due to the higher sequence 
divergence observed in this genus. Nonetheless, the 
primers will eventually serve useful in detecting novel or 
known alphanudiviruses and betanudiviruses.

Recombinant SpfrGV chitin-binding 
proteins enhance the insecticidal activity 

of SfMNPV-ColA

Kewin Rodriguez 1, Andrea Lovera1, Mariano Belaich 2, 
Carolina Cerrudo 2, Gloria Barrera1

1 Corporación Colombiana de Investigación 
Agropecuaria - Agrosavia. Centro de Investigación 

Tibaitatá. Km. 14 vía Mosquera - Bogotá, Mosquera 
- Cundinamarca, Colombia; 2Universidad Nacional de 
Quilmes, Laboratorio de ingeniería genética y biología 
celular y molecular, Roque Saenz Peña 352 – Bernal, 

Buenos Aires, Argentina
Address for correspondence:  
kjrodriguezo@agrosavia.co  

(https://orcid.org/0000-0002-6181-9154)

Spodoptera frugiperda is an important pest in maize 
crops with a worldwide distribution today. For its control, 
different genotypes of Group II alphabaculoviruses have 
been isolated, such as SfMNPV ColA. This virus coexists 
in nature with SpfrGV (VG008), a betabaculovirus that 
alone is not a good bioinsecticide candidate. However, 
the combination of this with SfMNPV-ColA results in a 
synergistic effect that improves the insecticidal capacity. 
The SpfrGV (VG008) genome contains 4 putative chitin 
binding proteins (chit-1, chit-2a, chit-2b and chit-2c) 
and 2 enhancins, which could be responsible for the 
better performance of SfMNPV-ColA. Based on this, 
chit-2a, chit-2b and chit-2c proteins were expressed in 
Escherichia coli and bioinformatically characterized. The 
results showed that the proteins do not have the activity 
of hydrolyzing chitin, but they do bind to it, because they 
have different binding motifs. Moreover, bioassays with 
SfMNPV-ColA were carried out in Spodoptera frugiperda 
larvae, supplementing with each of the SpfrGV-derived 
recombinant proteins (alone and combined). This study 
revealed that the proteins improved the insecticidal 
capacity increasing the mortality caused by SfMNPV-
ColA (1 x 104 OB/mL) from 20 to 51,6% when were 

applied in mixture. The potentiation activity of individual 
proteins was congruent with the number of chitin binding 
domains. These results suggest that these factors would 
explain why mixtures of alpha and betabaculovirus have 
a greater effect on the health of Spodoptera frugiperda.

Virus Discovery in the Small hive Beetle, 
Aethina tumida

Emily Vu1,2, Sijun Liu3, Adam Dolezal4, Bryony C. 
Bonning1

1 Department of Entomology and Nematology, 
University of Florida, Gainesville, FL 32611, USA, 2 

UF Genetics and Genomics Graduate program, 3 
VIRALSEQID, Ames, IA 50010, USA, 4 University of 

Illinois at Urbana-Champaign, Urbana, IL 61801, USA
Address for correspondence: evu@ufl.edu

The small hive beetle (SHB), Aethina tumida, causes 
significant damage to apiaries. Our goal was to 
characterize the virome of SHB to 1) address the 
potential role of SHB in honey bee virus transmission, 
and 2) identify SHB viruses with potential for use 
in biological control of this pest. SHB from multiple 
regions in the U.S. were either field caught and frozen 
directly or maintained in colony prior to freezing. RNA 
was extracted and sequenced, and the transcriptome 
assembled using Trinity. Contigs > 500bp with hits on 
BLASTx against a viral protein database were queried 
against the nonredundant protein database. Sequences 
from multiple honey bee viruses were found in field 
caught SHB but not in insects that were maintained in 
the lab. This result suggests that honey bee viruses were 
eliminated from SHB maintained in the lab, supporting 
the hypothesis that honey bee viruses do not replicate in 
SHB. The near-complete sequence of a novel, putative 
phasmavirus (Bunyavirales) was discovered from the 
field-caught SHB. In addition, a partial glycoprotein 
sequence from a related phasmavirus was integrated 
into the genome of SHB in all samples. Whether the 
putative SHB phasmavirus has potential for biological 
control of SHB remains to be determined. 
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Bacteria 3
Moderator: Juan-Luis Jurat-Fuentes

Safety of an entomopathogenic 
Pseudomonas protegens strain for the 

green lacewing Chrysoperla carnea

Rim Hamze1, Maria Tiziana Nuvoli1, Carolina Pirino1, 
Luca Ruiu1

1Dipartimento di Agraria, University of Sassari, Italy
Address for correspondence: r.hamze@studenti.uniss.it

The entomopathogenic properties of the soil-dwelling 
bacterium Pseudomonas protegens have recently been 
reported against diverse target insects, highlighting 
its potential as a biological control agent in the 
agroecosystem. An important characteristic of a good 
biopesticide is its safety against non-target organisms, 
such as predator and parasites. In this work the safety of 
P. protegens for the green lacewing Chrysoperla carnea, 
a very common predatory species in agroecosystems, 
was evaluated. The possible direct effects were studied 
on larvae and adults by feeding liquid drops of fructose 
incorporating a range of bacterial cell concentrations 
up to 1 billion cells per ml. As a result, no significant 
survival changes were observed in treated compared 
to control larvae, and no meaningful changes in the 
development time and adult emergence were noted. 
In a different set of experiments, the bacterium was 
administered indirectly by feeding chrysopid larvae 
with mealworm beetles previously contaminated with 
the bacterium (tritrophic interaction). In a comparison 
between treated and control chrysopids, the effects on 
insect development, adult emergence and fecundity 
were slight though not significant. According to this 
study, the use of P. protegens as a biological control 
agent appears to be compatible with chrysopids.

Toxin-antitoxin system MazEF cooperates 
with transcription factor PlcR to promote 

Bacillus thuringiensis infection

Fanling Li#, 1, Zhiyu Liu#, 1, Yunjie Xu1, Liting Wan1,  
Lixu Li1, Li Chen1, Jinshui Zheng*, 1 Donghai Peng 1*, 

Ming Sun1*

1State Key Laboratory of Agricultural Microbiology, 
Hubei Hongshan Laboratory, National Engineering 

Research Center of Microbial Pesticides, Huazhong 
Agricultural University, Wuhan 430070, China.

# These authors contributed equally to this work. 
*These authors jointly supervised this work.

Address for correspondence:  
fanlingli@webmail.hzau.edu.cn

Bt is one of the most successful microbial pesticides as 
the pathogens which can infect a variety of insects and 
nematodes. Germination and proliferation in the host are 
critical steps in Bt infection. However, it is unclear how 
Bt overcomes the pressures of the host environment to 
undergo germination and growth, which is a frequent 
issue in the research of pathogenic Bacillus infection 
mechanisms. We found that the type II toxin-antitoxin 
system MazEF plays an important role in the germination 
stage of Bt infection. MazEF promotes spore germination 
and inhibits host immunity by regulating the expression 
of the spore cortex-lytic enzyme as well as virulence 
factors, which promotes Bt spores to germinate and 
enter the vegetative phase in vivo. Meanwhile, we 
discovered the MazF may control the high expression 
of the global transcriptional regulator PlcR during 
the vegetative stage. PlcR can aid Bt diminish host 
immunity and increase Bt motility in vivo, in addition to 
the recognized regulating function of virulence factors. 
Furthermore, the precise regulatory link between MazEF 
and PlcR requires further investigation. This study 
revealed the molecular mechanism of MazEF and PlcR 
cooperation to promote Bt infection, providing clues 
for the development of effective Bt pesticides, as well 
as a reference for the molecular process of pathogenic 
Bacillus infection.

Bto_UNVM, a novel Bacillus toyonensis 
strain showing an extraordinary 
insecticidal-like gene repertory

Diego Herman Sauka1, 2, Tadeo Fernández-Göbel3, 
Federico Ocampo3, Colin Berry4, Eleodoro Eduardo Del 

Valle5, Leopoldo Palma2,6
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Bacillus thuringiensis (Bt) is a gram-positive bacterium 
producing parasporal crystal proteins with insecticidal 
activity against insects and nematodes. Beyond Bt, 
other gram-positive bacterial species have been 
described for showing insecticidal activity, namely 
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Lysinibacillus sphaericus, Paenibacillus spp. and 
Brevibacillus laterosporus. In addition, a novel Bacillus 
toyonensis strain has been recently described to produce 
parasporal crystals with insecticidal activity, that was 
designated Bacillus toyonensis biovar Thuringiensis. In 
this study we report the isolation and characterization 
of another B. toyonensis strain producing parasporal 
crystals. The strain was isolated from a soil sample 
obtained from a native ecosystem and presented the 
typical Bt morphology in nutrient agar plates. The 
parasporal crystals were produced abundantly as 
observed under the light microscopy which were later 
confirmed using Scanning Electron Microscopy. The 
genome sequence was obtained and assembled into 
182 contigs with a total genomic size of 6,228,799 bp 
and 35 % G+C. The genome analysis performed with 
the Type (Strain) Genome Server showed that this strain 
belongs to B. toyonensis species. Its genome sequence 
harbors eight coding sequences showing homology with 
Cyt1Aa1, Cry1Cb3, Cry32Qa1, Cry32Pa1, Cry3Aa1, 
Cry32Ua1, Cry32Ka1 and Cry32Fa1 proteins. In order 
to determine the biocidal activity of this novel strain, 
bioassays will be conducted with Aedes aegypti (Dipera: 
Culicidae), Cydia pomonella (Lepidoptera: Tortricidae), 
Alphitobius diaperinus (Coleoptera: Tenebrionidae) and 
Panagrellus redivivus (Nematoda: Panagrolaimidae).

Genome characterization of the novel 
Photorhabdus sp. strain p32 isolated in 

Argentina from Galleria mellonella larvae

Jorge Zimmermann1, Leopoldo Palma2, Federico 
Acosta1, Laureano Frizzo1, Eleodoro Eduardo Del Valle3
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Nematodes of the genus Heterorhabditis parasite 
and kill insects, exhibiting the potential to be used 
as biological control agents in crops of agricultural 
relevance. The genus Heterorhabditis is symbiotically 
associated with bacteria of the genus Photorhabdus 
(Enterobacteriaceae). These bacteria grow rapidly 
and release insecticidal toxins that kill the insect host 
through a combination of generalized toxemia and 
septicemia. In addition, they can synthesize other 
secondary metabolites aimed to inhibit the proliferation 
of other competing opportunistic microorganisms, thus 
presenting an additional potential for biotechnological 
applications. The aim of this work was to perform 
the genome sequencing of the symbiotic bacterium 

Photorhabdus sp. strain p32, isolated in Argentina from 
Galleria mellonella larvae infested with Heterorhabditis 
amazonensis (Rhabditida: Heterorhabditidae). The 
draft genome sequence of this strain consisted of 247 
contig sequences accounting for 5,359,514 bp, with a 
G+C content of 42.5%, 5258 predicted protein-coding 
sequences (CDS) and 11 RNA genes. From these, 27 
CDS exhibited significant similarity with insecticidal 
proteins and 3 CDS with chitinases. We also found 
5 clusters for the production of biologically active 
secondary metabolites. The genome analysis performed 
with the Type (Strain) Genome Server showed that this 
strain likely belongs to a novel Photorhabdus species. 
In this work, we describe a novel Photorhabdus strain 
which will enlarge the current known species repertory 
of the genus and will contribute to the availability of 
novel insecticidal proteins and other natural products 
with interesting potential for biotechnology.

Toxicity of Mpp51Aa1 to nymph and adult 
Asian citrus psyllid

Clebson S. Tavares, Bryony C. Bonning 

Department of Entomology and Nematology, University 
of Florida, PO Box 110620, Gainesville, Florida, USA 

32611
Address for correspondence: 
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The Asian citrus psyllid (ACP), Diaphorina citri, is a 
major pest of citriculture that vectors the presumed 
bacterial causative agent of citrus greening, Candidatus 
Liberibacter asiaticus (CLas). The application of 
chemical insecticides to suppress ACP populations 
is the primary strategy for management of this 
economically important disease, but extensive use has 
selected for insecticide resistance and raises concerns 
about negative impacts on the environment. The use of 
Bacillus thuringiensis-derived pesticidal proteins could 
provide a safe and environmentally friendly approach 
for ACP management. However, lack of information on 
the efficacy of Bt-derived pesticidal proteins against 
ACP, particularly against nymphs, is a major limitation 
for their deployment against ACP. Here, we present the 
toxicity of the Bt-derived protein Mpp51Aa1 against 
ACP nymphs and adults. Mpp51Aa1 was expressed in 
the Bt strain BMB171 and purified from crystals. Protein 
concentration was determined by Bradford assay, and 
protein integrity assessed by SDS PAGE. To assess 
toxicity against nymphs, we developed a new bioassay 
method that allows for nymph survival for up to 6 days, 
when maintained on treated folded wipes (Kimtech 
Kimwipes). The standard hemipteran membrane 
feeding assay was used to assess toxicity against 
adult ACP. In Kimwipe assays, Mpp51Aa1 was toxic to 
ACP nymphs with an LC50 of 56.5 µg/ml. In membrane 
feeding assays, Mpp51Aa1 was toxic to ACP adults 
with an LC50 of 110.4 µg/ml. These results show that 
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Mpp51Aa1 is toxic to both nymph and adult ACP and 
provides a potential alternative tool for both ACP and 
citrus greening management. 

En garde: is the gut microbiota playing an 
important role in immune priming?

Jennifer Upfold1, Agnes Réjasse1, Christina Nielsen-
leroux1, Annette Bruun-Jensen2, Vincent Sanchis-Borja1

1Micalis Institute, INRAE, AgroParisTech, Université 
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In recent years, the gut microbiota has been identified 
as playing a critical role in improving host response to 
disease-causing pathogens, but the extent to which the 
microbiota contributes to the immune response is not 
fully understood. To explore the partnership between 
the gut microbiota and the immune response, Galleria 
mellonella L. (Lepidoptera: Pyralidae) larvae were reared 
in sterile (=axenic) and non-sterile (=conventional) 
conditions. Preliminary work has revealed greater 
expression in several important immune response 
genes as well as an increase in naturally activated 
phenoloxidase and total circulating hemocytes in 
conventional larvae than axenic larvae during basal 
conditions. It is the hypothesis that the gut microbiota 
is keeping the immune response of the conventional 
larvae stimulated and therefore better primed for 
pathogen challenge. We are further exploring the extent 
of the immunostimulatory effect of the gut microbiota 
by conducting priming experiments using pathogenic 
bacteria Bacillus thuringiensis, and fungi Metarhizium 
anisopliae, in homologous and heterologous secondary 
infections. Through this set-up we hope to identify 
the specificity of the priming, and the role of the gut 
microbiota in this process. As a whole, our results can 
improve the potential for the development of probiotics 
and the overall maintenance of insect health.

Food envy: Interactions between insect-
killing bacteria
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1, Adrian Belosevic 1, Tabea Patt 1, Jana Schneider 1, 
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Biological control agents are an effective tool for 
controlling insect pests in agriculture. Highly efficient 
against soil-borne insect pests are entomopathogenic 
nematodes. These nematodes are associated with 
Xenorhabdus and Photorhabdus spp. that are mainly 
responsible for killing the insect. New studies indicate a 
frequent occurrence of Pseudomonas spp. in nematode 
infected cadavers. Several fluorescent Pseudomonas 
spp. also exhibit insecticidal activity, making them 
promising candidates for a combined application 
with entomopathogenic nematodes to increase 
efficacy and consistency of biocontrol. Therefore, 
we are investigating direct interactions between 
Pseudomonas and Xeno-/Photorhabdus bacteria. We 
are studying this interaction in vitro as well as in vivo 
using fluorometric and cell counting methods. This 
allows us to assess colonisation dynamics and cell 
abundance throughout in vitro competitions as well as 
during insect infections. Co-culturing strains of the two 
bacterial groups in liquid media or co-injecting them 
into the hemocoel of Galleria mellonella larvae showed 
that Pseudomonas spp. could grow in the presence of 
Xeno-/Photorhabdus spp., whereas the latter seemed 
to be strongly inhibited in vitro but less in vivo. This 
indicates that Pseudomonas spp. can co-exist with 
Xeno-/Photorhabdus species in vivo. Force-feeding 
strains of Pseudomonas spp. to G. mellonella larvae 
and exposing them to entomopathogenic nematodes 
increased their colonization success rate. This suggests 
that Pseudomonas spp. might even profit from nematode 
infections. Our results highlight that investigating 
interactions between biocontrol agents especially in vivo 
is a prerequisite for applying combinations of biological 
control agents and will be of importance for future pest 
control.

Diseases of Beneficial Invertebrates 1
Moderators: Jamie Bojko and Helen Hesketh

Crickets (Gryllodes sigillatus) upregulate 
multiple immune pathways in response to 

an active viral infection
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Despite decades of focus on crickets (family: Gryllidae) 
as a model organism and a popular commodity in the 
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food and pet feed industry, we know very little about 
their immune response to microbial pathogens. Many 
previous studies have measured downstream immune 
effects (e.g., encapsulation response, circulating 
hemocytes) following an immune challenge in crickets, 
but almost none have identified and quantified the 
induction of immune signaling pathways during an active 
pathogenic infection. In the present study, we measured 
the expression of several genes across multiple immune 
signaling pathways in Gryllodes sigillatus crickets with 
an active or covert infection of Cricket iridovirus (CrIV). 
Crickets with active infections had significant inductions 
of several immune pathway components across the Toll, 
Imd, Jak/STAT, RNAi, and Pvr pathways. These results 
indicate that crickets can mount a robust immune 
response following CrIV infection. Moreover, this study 
gives insight into cricket-virus interactions following 
a viral infection and will aid future studies on immune 
investment and pathogen resistance.

Impact of elevated CO2 on fungal and 
bacterial entomopathogens of  

Tenebrio molitor 
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The yellow mealworm, Tenebrio molitor is an important 
species that is mass-reared to feed livestock and 
fish. As for numerous mass-reared insects, it is likely 
that carbon dioxide (CO2) produced through insect 
respiration will accumulate in closed production 
facilities (CO2 concentrations can potentially rise 
to 12 times higher than in ambient air), even with 
appropriate ventilation put in place. Hence, T. molitor 
and any associated entomopathogens may be exposed 
to elevated CO2 concentrations intermittently, or 
throughout the life cycle. The fungus Metarhizium 
brunneum and the bacterium Bacillus thuringiensis are 
two entomopathogens naturally infecting T. molitor. The 
spores of these entomopathogens have been found in 
stored grains, which are often used to feed T. molitor. 
Here, we investigated the effects of elevated CO2 on: 
(1) the in vitro germination of conidia, mycelial growth 
and conidia production of M. brunneum, (2) the in 
vitro persistence of B. thuringiensis spores, and (3) 

the virulence of M. brunneum and B. thuringiensis to 
the larvae of T. molitor. We discuss the implications 
of our results for the potential risks caused by 
entomopathogens in insect mass-rearing facilities.

Protection or harm? New RNA viruses 
infecting Glossina morsitans morsitans
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Tsetse flies cause major health and economic problems 
as they transmit trypanosomes, causing sleeping 
sickness in humans (Human African Trypanosomosis) 
and nagana in animals (Animal African Trypanosomosis). 
One solution to control the spread of trypanosomes via 
the tsetse fly is the use of the Sterile Insect Technique 
(SIT). To successfully apply SIT, healthy and competitive 
insect colonies are required. However, mass production 
of tsetse flies is threatened by covert viruses, such as 
the salivary gland hypertrophy virus (SGHV) as it can 
cause the collapse of an entire fly colony. Recently, two 
new RNA viruses called Glossina morsitans morsitans 
iflavirus (GmmIV) and Glossina morsitans morsitans 
Negevirus (GmmNegeV) have been discovered. None 
of the flies infected with these RNA viruses showed 
any sign of disease, but the viruses could be located 
in particular tissues using FISH. In addition, we were 
able to isolate virus particles. Little is known about the 
capacity of GmmIV and GmmNegeV to infect other 
tsetse species. Our results demonstrate the presence 
of the iflavirus and the negevirus in all tsetse species 
reared in Seibersdorf (Insect Pest Control Laboratory, 
IAEA, Austria), except for G. pallidipes. The virus load 
was determined for G. moristans morsitans by RTqPCR. 
Whereas the iflavirus load varied over time the adult fly’s 
life span, the negevirus load remained relatively stable. 
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To get further information on the impact of these viruses 
on the tsetse fly’s health we aim to artificially infect G. 
pallidipes with GmmIV and GmmNegeV. We will assess 
if these artificially infected flies have an improved fitness 
(e.g., are more likely to be protected from SGHV) or if 
they are more prone to health issues.

Detection of a densovirus in mass 
reared Tenebrio molitor using Nanopore 

metagenomics sequencing
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The yellow mealworms, Tenebrio molitor have been 
introduced to the feed industry as an important 
alternative protein source. In this study, we performed 
nanopore metagenomic sequencing on symptomatic 
and asymptomatic samples from mass reared Tenebrio 
molitor as part of an effort to evaluate the capacity of 
this technology for detecting entomopathogens in the 
colonies. Taxonomic assignment of the sequenced 
reads revealed the presence of a densovirus in the 
samples. Viral genomes were constructed from reads 
assigned to Densovirinae and it was possible to 
confirm the presence of all complete densovirus coding 
sequence. BLAST analyses using the T. molitor genome 
as reference also confirmed that the assembled virus 
genome is not part of the host genome. The assembled 
genome shared 98-99.5% sequence identity with a 
bird-associated densovirus, Parus major densovirus, 
and with a cockroach-associated densovirus, Blatella 
germanica densovirus-like virus genes. On-going 
efforts include performing qPCR to assess the actual 
transcription level of the virus in the insect tissues. To 
the best of our knowledge, this is the first report of 
this densovirus in T. molitor. Our finding underlines the 
strength of the applied nanopore sequencing based 
method for the detection of known as well as unknown 
entomopathogens and its usability for assessing the 
health of industrially reared yellow mealworm colonies.

Interactions between entomopathogenic 
fungus Metarhizium anisopliae ICIPE 20 
and the endoparasitoid Dolichogenidea 

gelechiidivoris for effective suppression of 
the tomato leafminer, Tuta absoluta
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The integrated pest management (IPM) approach 
involving the combination of control methods has 
been promoted for the management of several insect 
pests, although the efficiency of a IPM component 
and selective behavior by natural enemies can be 
affected depending on the quality of the hosts. This 
study evaluated the susceptibility of the imported 
Dolichogenidea gelechiidivoris to the entomopathogenic 
fungus Metarhizium anisopliae ICIPE 20 through direct 
and indirect infection for developing an IPM protocol 
for the tomato leafminer, Tuta absoluta control. Effects 
of ICIPE 20 on the parasitoid adults’ longevity and 
fecundity, survival of different stages of parasitized 
larvae, acceptance of sprayed host, and the parasitism 
rate of T. absoluta control under different infection 
scenarios were evaluated. Our results showed that 
direct application of ICIPE 20 to the parasitoid prior 
to exposure to the host reduced D. gelechiidivoris 
longevity to one-third, and parasitism rate from 88% 
to 71%, while it didn’t affect the F1 sex ratio. ICIPE 20 
application on larvae previously to D. gelechiidivoris, led 
to significant reduction of D. gelechiidivoris emergence 
rate, 35%, 35%, and 25%, respectively at 24, 72 and 
120 h after parasitisation. Exposure of heathy parasitoid 
adults to ICIPE 20-sprayed plant didn’t affect their 
longevity. Besides, D. gelechiidivoris did not show 
any discriminatory host selection behavior between 
ICIPE 20 ICIPE 20-sprayed and non-sprayed ones. 
Tuta absoluta emergence from the different bioassays 
showed that addition of ICIPE 20 to D. gelechiidivoris 
led to a significant reduction of T. absoluta, although 
further studies under field conditions are required. 
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Keeping an eye open for viral infections: 
developing viral surveillance for black 

soldier flies, Hermetia illucens
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Covert and overt viral infections are a concern within the 
insect mass-rearing industry. Viral infections which can 
persist at low levels without causing symptoms already 
create problems for rearing facilities, most noticeable in 
the cricket and honeybee colonies. Insect rearing acts 
as a bottleneck on breeding colonies, and so individuals 
from different colonies need to be introduced to lower 
the risks resulting from inbreeding. Even with quarantine 
protocols, potential infections could remain undetected 
without any screening and allow for outbreaks in the 
receiving colonies if the covert infections evolve into 
overt infections. Several viruses and viral candidates 
were discovered in BSF datasets, and diagnostic tests 
are being developed to not only detect BSF-associated 
viruses more efficiently, but also to allow for routine 
surveillance at rearing facilities. Preliminary diagnostic 
qPCRs testing has managed to detect the presence 
of four viruses in BSF received from different rearing 
facilities, allowing for isolation and further epizoological 
studies. One virus in particular, dubbed HiSVV1, was 
present with relatively high viral loads in BSF adults that 
were dying prematurely after emergence. In addition, this 
presents an opportunity to develop routine protocols for 
generating new diagnostic qPCRs tailored for BSF as 
new viruses are discovered. 

Probiotics impact on Tenebrio molitor 
performance, microbial composition and 

pathogen infection
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The yellow mealworm, Tenebrio molitor is an insect 
model for infection and immunity studies and is mass-
produced as feed and food. The industrial rearing of 
T. molitor on agricultural by-products may expose larvae 
and adults to entomopathogen microorganisms used as 
biocontrol agents, like spores of Bacillus thuringiensis 
and Metarhizium brunneum conidia, that could impact 
the performance of T. molitor. Therefore, as for other 
animals, the possible benefits of addition of active and 
tantalized probiotic bacteria to the feed is investigated 
by providing two probiotic stains to T. molitor larvae in 
optimal rearing system conditions and when the insect 
is exposed to B. thuringiensis, M. brunneum or both 
entomopathogens. Alongside infections, growth and 
survival performance and insect microbiota composition 
was analyzed by 16S rRNA sequencing to measure the 
impact of probiotics on T. molitor performance and 
microbial composition. The study is therefore focused on 
the hypothesis that 1) M. brunneum and B. thuringiensis 
have different mechanisms of infection, therefore dose 
and timing of pathogen exposure will influence the 
outcome; 2) the presence of probiotics may help the 
insect to cope with the infection by improving immunity, 
by presenting a shorter period for pathogen clearance 
and by expressing higher performance. Preliminary 
results show evidence of positive effects of adding a vital 
probiotics strain to the feed on T. molitor performance 
and survival, highlighting the role of probiotic metabolites 
and microbiota relationship in maintaining host health.

Microbial Control 3
Moderator: Deborah Henderson

Development of effective formulation of 
entomopathogenic fungi to overcome 

environmental stress
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Sustainability in agroecosystem by developing entomo-
pathogenic fungi (EPF) has been receiving interest 
worldwide. The aim of the bilateral project “Bio-
entosource” is to validate the optimization of EPF in 
interaction with harmful insects in apple, soybean 

mailto:robert.pienaar%40univ-tours.fr?subject=
mailto:carlotta.savio%40inrae.fr?subject=
mailto:Nushrat-Harun.Antara%40julius-kuehn.de?subject=


75

and eucalyptus in two different eco-climatic zones of 
Germany and Brazil. Despite of efficacy, optimization of 
EPF for environmental stability also plays a crucial role. 
The influence of chitin on the growth of JKI-BI-1496 
(Cordyceps fumosorosea) in liquid culture was evaluated 
and a positive influence was found in case of efficacy. 
To investigate environmental stability, the fungus was 
incubated on MPA, MPA + 1% colloidal chitin and MPA 
+ 1% chitin at seven different temperatures and the 
formulation has no influence on growth. To examine 
the influence of sunlight and chitin and colloidal chitin 
on germination of submerged spores of JKI-BI-1496, 
the spores were exposed to sunlight for 1, 2, 3 and 4 
hours using sunlight simulator Suntest XXL and then 
the germination rate was determined after 4, 8 and 
16 hours. The experiment showed that chitin and 
colloidal chitin had a negative effect on the germination 
rate after 16 h. To verify the stability and storability 
of submerged spores of JKI-BI-1496, freeze-drying 
technique was applied in same three media. Media with 
1% colloidal chitin, showed the highest result, without 
and with 1% chitin did not show significant difference. 
Spores produced with 1% colloidal chitin germinated  
25-40% and more than 75% after 24 hours and 48 
hours respectively. 

how to get more for your money; exploiting 
interactions of a fungi and a chemical for 

pest control 
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Trialeurodes vaporariorum (glasshouse whitefly) 
is a global pest, causing direct damage to >850 
plant species and transmitting viral plant diseases. 
Management of T. vaporariorum is difficult because of 
widespread pesticide resistance. Greenhouse growers 
rely on biological control agents to maintain control of 
T. vaporariorum but these are slow acting and variable in 
their efficacy alone, resulting in additional applications 
of chemical insecticides when pest populations become 
unmanageable. There is increasing motivation to use 
integrated, multiple pest control strategies, limiting 
chemical application and increasing use of sustainable 
alternatives. Entomopathogenic fungi (EPF) are an 
alternative control method, but EPF efficacy is variable 
between applications. Co-application of a chemical 
insecticide with an EPF can result in improved pest 
control, resistance management, target multiple pest 
species/insect life stages and increase the range 
of environmental conditions over which control is 

effective. Combining chemical and biological pesticides 
can result in positive or negative interactions, so it is 
important to understand how mixture components 
interact. Positive interactions result in synergism, whilst 
negative interactions cause antagonism and a reduction 
in pest control. A mixture of the EPF Cordyceps farinosa 
and chemical insecticide spiromesifen were evaluated 
in laboratory bioassays. Using an ecotoxicological 
MixTox model, complex interactions between the EPF 
and insecticide were described; depending on the EPF 
and the concentrations applied, additivity, synergism 
or antagonism was observed. The types of interactions 
were influenced by the ratio of doses applied whereby 
applications of low concentrations of spiromesifen with 
EPF resulted in additive mortality of T. vaporariorum in 
greenhouse trials.

Enzymatic extract from Trichoderma 
harzianum broth to enhance insecticidal 

activity of Beauveria bassiana against 
Diatraea saccharalis
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Trichoderma is a genus of soil-borne filamentous fungi 
widely used as a source of biocontrol agents in agriculture 
due to their ease of handling and cultivation, high 
biomass production, and the secretion of large quantities 
of extracellular proteins. In the present work, an isolate 
of T. harzianum (Th180) was produced in submerged 
fermentation evaluating different culture media to 
achieve the highest production of chitinase, lipase and 
protease enzymes. Subsequently, the enhancer action 
of the cell-free broth extract on the insecticidal activity 
of Beauveria bassiana (Bv064) conidia against second 
instar larvae of Diatraea saccharalis was evaluated. 
Fermentation of 14 days in the selected culture medium 
reached chitinase levels of 0.3 U/mL and lipases of 0.14 
U/mL, however, protease activity was not detected. 
Additionally, a Plackett-Burman model was designed 
to optimize the medium for enzyme production, where 
it was determined that the main variables are the pH, 
the amount of yeast extract and peptone for chitinase 
production. The cell-free broth extracts concentrated 
4X and mixed with the conidia of B. bassiana showed 
an increase in germ tube growth of 50 % compared 
to the germination of the conidia alone. Similarly, 4X 
fermentation extract (Th180) increased the insecticidal 
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activity of B. bassiana against D. saccharalis larvae. 
The efficacy of 1 x 105 conidia/mL was 55%, while the 
same concentration reached 79% of efficacy when was 
mixed with the extract. This preliminary study is an initial 
test of the potential use of enzymes released into the 
liquid culture medium of T. harzianum to improve the 
insecticidal activity of other microbial biological control 
agents.

Microbial control of woolly apple aphid 
(Eriosoma lanigerum) with Beauveria 

bassiana strain ATCC 74040
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Woolly apple aphid (WAA), Eriosoma lanigerum 
(Hausmann) is a worldwide pest of apple Malus domestica 
(Borkhausen). From 2019 to 2021 several open field 
trials were conducted in Northern Italy to evaluate 
the effectiveness of the entomopathogenic fungus of 
Beauveria bassiana strain ATCC 74040 against WAA. 
An OD (Oil Dispersion) formulation of the microorganism 
containing 2.3 x 107 viable conidiospores per mL 
(formulated product: Naturalis®) was tested at different 
application rates in spring – early summer, during the 
upward movement of crawlers from roots resulting in 
canopy infestation, and in late summer-autumn against 
WAA colonies re-infesting shoots. An untreated control 
and a chemical reference control strategy was included 
in all studies. In addition, an especially designed field 
trial was performed to verify the selectivity of the 
entomopathogen for the endo-parasitic wasp Aphelinus 
mali, the most important WAA parasitoid. Beauveria 
bassiana strain ATCC 74040 proved to be selective for 
A. mali, and the three-year trials enabled us to identify 
the adequate rates and timing of applications in order 
to limit the growth of WAA populations. Based on the 
results of these studies, recommendations for the 
appropriate inclusion of the microbial pest control agent 
in integrated and organic WAA control strategies will be 
presented. 

Biobased superabsorbents for improved 
sporulation of the entomopathogenic 

fungus Pandora sp. nov. (ARSEF13372) 
under non-saturated humidity conditions
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Entomophthoralean fungi have high potential for insect 
pest control due to their host specificity and their fast 
speed-to-kill. However, due to low efficacy in field 
trials, no preparation based on these fungi has been 
established for practical use so far. Studies have shown 
that dissatisfactory water availability is the main limiting 
factor of conidial discharge1,2. In a previous study, the 
psyllid-pathogenic fungus Pandora sp. nov. inedit. 
(ARSEF13372) was formulated in Ca-alginate capsules. 
With this formulation, the pear psyllid Cacopsylla pyri 
was successfully infected by Pandora sp. and killed 
with a mortality of 89 %3. However, sporulation could 
no longer be observed under reduced water activity 
values (aW<0.97). In order to support sporulation of 
encapsulated Pandora sp. under insufficient humidity 
conditions, a paste-type formulation containing bio-
based superabsorbents was developed, which retains 
water for a prolonged time period. In co-application 
with the superabsorbent formulation, the otherwise 
fast-drying capsules were kept sufficiently moist for 
sporulation for at least 6 days in the laboratory trial 
at a humidity of 30-40%. In a semi-field trial, conidial 
discharge was observed under application near 
conditions even under very dry conditions during 
summertime. As insufficient humidity conditions are 
also a limiting factor for other fungal biocontrol agents 
and can reduce their efficacy, the developed formulation 
has the potential to improve the efficacy of other EPF 
formulations.

Population structure of Beauveria species 
and their host Melolontha melolontha

Chiara Pedrazzini1,2, Hermann Strasser3, Stephen A 
Rehner4, Rolf Holderegger2, 5, Franco Widmer 1, Jürg 

Enkerli 1

1Molecular Ecology, Agroscope, Zürich, Switzerland; 
2Institute of Environmental Systems Science, ETH, 

Zürich, Switzerland; 3Institute of Microbiology, Leopold-
Franzens University Innsbruck, Innsbruck, Austria; 
4United States Department of Agriculture USDA, 

Beltsville, United States; 5Swiss Federal Research 
Institute WSL, Birmensdorf, Switzerland

Address for correspondence:  
chiaraluisa.pedrazzini@agroscope.admin.ch

The entomopathogenic fungus Beauveria brongniartii is 
a prevalent natural pathogen of Melolontha melolontha 
L., a widespread pest throughout Europe. Despite a 
wealth of ecological knowledge of this pathosystem, and 

mailto:eladurner%40cbceurope.it?subject=
mailto:linda_claire.muskat%40fh-bielefeld.de?subject=
mailto:chiaraluisa.pedrazzini%40agroscope.admin.ch?subject=


77

decades of use of the fungus to control M. melolontha, 
in-depth population genetic analyses are lacking 
for both organisms. In this study, we investigated 
the population structure of both M. melolontha and 
B. brongniartii to determine whether local adaptation 
and selection processes influence their interaction. 
The ddRADseq method was applied to investigate 
675 M. melolontha individuals and 697 Beauveria spp. 
isolates from infected M. melolontha throughout Europe. 
Phylogenetic clustering discriminated 409 fungal 
isolates as B. pseudobassiana, previously unrecognized 
as a significant pathogen of M. melolontha. Population 
genetic analyses for either Beauveria species revealed 
no spatial pattern and clonal population structures 
for both species. In contrast, southern and northern 
populations separated by the Alpine Mountain Range 
were genetically different in M. melolontha. Additional 
in-depth correlation analyses will determine whether 
M. melolontha populations are coevolved with particular 
Beauveria spp. populations or evolving independently, 
despite their perennial host-pathogen relationship. This 
project explores the population genetics of a unique 
insect-pathogen interaction and provides a basis for 
developing more specific biological control strategies 
for M. melolontha.

13h45 – 14h00 Break

14h00 – 16h00 VIRUS DIVISION SyMPOSIUM

The insect virome – from sequence detection to 
classification (Chair: Adly Abd-Alla)

The Insect Virome

Bryony C. Bonning

Department of Entomology and Nematology, University 
of Florida, Gainesville, FL 32611, USA

Address for correspondence: bbonning@ufl.edu

Metagenomic analyses have allowed for the identification 
of virus-derived sequences from both insects and insect-
derived cell lines, along with viruses of insect-associated 
microbes, viruses of ingested material, and virus-
derived sequences integrated into the insect genome 
(endogenous virus elements, or EVEs). Such analyses 
have resulted in the identification of myriad genomic 
sequences of insect viruses that are uncultivated and 
unclassified. In this presentation, a general approach to 
insect virus sequence discovery, recent virus sequence 
discovery from specific insects and cell lines, and 
current needs will be addressed. As the International 
Committee on the Taxonomy of Viruses now recognizes 
that genomic characteristics provide the foundation for 
taxonomic classification, their inclusion of sequences 
derived from uncultivated viruses has greatly advanced 
virus taxonomy and our understanding of evolutionary 
relationships between taxa.

Metatranscriptome analysis of sympatric 
bee species identifies bee virus variants 

and a new virus, Andrena associated  
bee virus-1

Katie F. Daughenbaugh1,3,#, Idan Kahnonitch4,5,#,  
Charles C. Carey3, Alexander J. McMenamin2,3,  

Tanner Wiegand2, Tal Erez7, Naama Arkin5,6,  
Brian Ross1,3, Blake Wiedenheft2, Asaf Sadeh5,  

Nor Chejanovsky7, Yael Mandelik4,  
Michelle L. Flenniken*,1,2,3

1Department of Plant Sciences and Plant 
Pathology, 2Department of Microbiology and 

Immunology,3Pollinator Health Center, Montana 
State University, Bozeman, MT, USA,4The Faculty 

of Agriculture, Food and Environment, The Hebrew 
University of Jerusalem, Israel 5Agroecology Lab, 

Newe Ya’ar Research Center, ARO, Israel 6 The Mina 
& Everard Goodman Faculty of Life Sciences, Bar Ilan 
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High average annual losses of honey bee (Apis mellifera) 
colonies in some parts of the world, and regional 
population declines of some mining bee species 
(Andrena spp.), are attributed to multiple abiotic and 
biotic factors including viruses. While research has 
primarily focused on viruses in honey bees, many of 
these viruses have a broad host range. To investigate bee 
virus ecology, we utilized high-throughput sequencing 
to evaluate viral diversity and virus sharing in sympatric, 
co-foraging bees in the context of habitat type. Variants 
of four common viruses (i.e., black queen cell virus, 
deformed wing virus, Lake Sinai virus 2, and Lake Sinai 
virus NE) were identified in honey bee and mining bee 
samples, and the high degree of nucleotide identity in 
the virus consensus sequences obtained from both taxa 
indicates virus sharing. We discovered a unique bipartite 
+ ssRNA Tombo-like virus, Andrena-associated bee 
virus-1 (AnBV-1). AnBV-1 infects mining bees, honey 
bees, and primary honey bee pupal cells maintained 
in culture. AnBV-1 prevalence and abundance was 
greater in mining bees than in honey bees. Statistical 
modeling that examined the roles of ecological factors, 
including floral diversity and abundance, indicated that 
AnBV-1 infection prevalence in honey bees was greater 
in habitats with low floral diversity and abundance, 
and that interspecific virus transmission is strongly 
modulated by the floral community in the habitat. These 
results suggest that land management strategies that 
aim to enhance floral diversity and abundance may 
reduce AnBV-1 spread between co-foraging bees.
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Metagenomic viruses: Classification of 
viruses known only from high-throughput 

sequence data

Robert Harrison

Invasive Insect Biocontrol and Behavior Laboratory, 
Beltsville Agricultural Research Center, USDA 

Agricultural Research Service, Beltsville, MD 20705, 
USA

Address for correspondence:  
Robert.L.Harrison@usda.gov

An increase in the rate of virus discovery in recent years, 
fueled by advances in high-throughput sequencing 
technologies, has led to an awareness that the viral 
diversity that exists in the wider environment is in fact far, 
far greater than the diversity represented in the catalog 
of viruses classified by the International Committee 
on Taxonomy of Viruses (ICTV). Recent studies have 
revealed that this hidden virus diversity is also present in 
invertebrates, with new isolates that belong to currently 
existing taxa as well as virus isolates that appeared to 
represent previously undescribed genera and families. 
In response, the ICTV has clarified its stance on the 
formal classification of viruses known only as contigs in 
high-throughput sequence data sets from environmental 
samples. This presentation will cover the requirements 
for classification of such “metagenomic viruses” and 
provide some examples of new invertebrate virus taxa 
developed from this category.

Viral metagenomics for large scale sanitory 
control of insect mass rearing

Doriane Mutuel1, Aymeric Antoine-Lorquin1, Sarah 
Francois2, Adly Abd-Alla3, Mylène Ogliastro1

1DGIMI Diversity, Genomes and Microorganisms–
Insects Interactions, Univ Montpellier, INRAE 34095 

Montpellier, France; 2Peter Medawar Building for 
Pathogen Research, Department of Zoology, University 

of Oxford, South Park Road, Oxford OX1 3SY, UK; 
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Address for correspondence: marie-helene.ogliastro@
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Insects are considered with renewed interest for their 
applications in agronomy, food and engineering. 
These applications often rely on insect breeding at 
various scales and require maintenance of high-
quality production capacity by counteracting biotic 
and abiotic stresses. This is particularly true for large 
scale insect breeding programs aiming at massive 
production of pests and vectors colonies dedicated to 
Sterile Insect Technic (SIT) applications. At such scale, 
breeding programs would greatly benefit from effective 

prophylactic strategies and point-of-care diagnostic 
methods capable of preventing disease spreading 
and colony disorders. So far, diagnosis have relied on 
direct and indirect molecular techniques specifically 
designed for well-identified pathogens or close 
molecular relatives. Insects are commonly infected 
with microorganisms, including viruses, bacteria and 
fungi causing overt infections and diseases that can 
have fatal consequences for the colonies. Unlike other 
microorganisms, which share highly conserved core 
genetic processes, there is no common genetic marker 
for viruses. As a consequence, viral diagnosis has long 
been limited to the use of a priori approaches, and the 
search for viruses associated with known diseases. The 
advent of high-throughput sequencing (HTS) enables 
genetic diversity to be explored with no a priori. We used a 
viral metagenomic approach based on virus enrichment 
and HTS to explore the virus diversity in insect species 
mass reared worldwide. I will highlight the input of viral 
metagnomics for virus discovery and how this approach 
can help to design specific diagnostic tools to control 
the health of insect mass rearing. 

16h00 – 16h15 Break

16h15 – 16h45 Q & A SESSIONS

Fungi 4
Moderator: Richard Humber

Transcriptome change of cotton aphid, 
Aphis gossypii against entomopathogenic 

Beauveria bassiana JEF-544

Yeram Im1, So-Eun Park1, Insoo Jeon1, Yulim Park1, 
Yujin Jeong1, Jong Cheal Kim1, Jae Su Kim1,2

1Department of Agricultural Biology, Jeonbuk National 
University, Korea; 2Department of Agricultural 

Convergence Technology, Jeonbuk National University, 
Korea

Address for correspondence: jskim10@jbnu.ac.kr

Cotton aphid, Aphis gossypii is a widespread crop pest 
and acts as a vector of many serious plant viruses. 
Cotton aphid shows high resistance to chemical 
insecticides due to its rapidly growing genetic diversity 
which is resulted from a short life cycle and geographical 
migration. As an alternative, entomopathogenic fungi 
with different mode of action can be used to control 
cotton aphid with an environmentally sound way. 
However, so far there is little effort to figure out how 
the cotton aphid responds to the fungal infection. 
Here in this work, the early stage of response of cotton 
aphid to Beauveria bassiana JEF-544 was analysed at 
transcriptome level. First, B.bassiana JEF-544 with high 
virulence against cotton aphid was selected through 
bioassays. Infected aphids were collected in two days 
after treatment, which was LT25 (lethal time 25%), and 
total RNA of uninfected aphids and infected aphids were 
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independently subjected to RNA sequencing. When 
JEF-544 infected aphids, a large proportion of aphid 
genes were up-regulated. From an enrichment analysis, 
energy production-related genes were significantly up-
regulated. Of the immune response, Toll-like receptor 
signalling pathway was highly up-regulated. Particularly, 
insect hormone biosynthesis pathway was rapidly 
working when infected. Ecdysone and juvenile hormone 
biosynthesis pathway-related genes were strongly 
involved in the aphid response to the fungal infection. In 
conclusion, when infected by the B. bassiana JEF-544 
at early stage, cotton aphids seemed to produce large 
amount of energy to protect themselves by actively 
producing antimicrobial peptides or insect molting 
hormones to removing infected cuticles.

The effect of sleep on host defense to 
Ma549 in the Drosophila melanogaster 

Sleep Inbred Panel

Mintong Nan, Raymond J. St. Leger

Department of Entomology, University of Maryland, 
College Park, Maryland, United States of America.

Address for correspondence: mnan@umd.edu

Even closely related individuals can differ greatly in 
outcomes following identical infections, but the causes 
of this variation are not fully understood. Studies 
with mutant Drosophila melanogaster lines and the 
Drosophila Genetic Reference Panel (DGRP, Raleigh, 
North Carolina) suggested that different outcomes 
following infection with Metarhizium anisopliae (Ma549) 
result from inter- and intra-line variation in immunity, 
metabolism, and sleep. We used the Sleep Inbred 
Panel (SIP), lines bred for extreme long or short sleep, 
and its DGRP progenitors, to model sleep traits and 
examine their interactions with fungal infection and 
locomotor activity. Our data demonstrated that both 
male and female short-sleeping SIP lines outlive long-
sleeping lines after Ma549 infection. Similar to DGRP 
lines, differences in resistance to Ma549 vary by sex 
and correlate with sleep parameters. Resistant SIP flies 
have more bouts of nighttime sleep, but below average 
bout length and total sleep duration. Trends were in 
the same direction as seen with the DGRP but more 
pronounced. Thus, less sleep or more activity prior to 
Ma549 infection contributes to the longevity of SIP lines. 
Furthermore, using two SIP fly lines as exemplars, we 
found that Ma549 infection increased daytime sleep 
with a concomitant decrease in daytime activity, which 
correlates to their greater longevity.

Variation in sleep affects disease outcomes 
in populations of Drosophila melanogaster

Mintong Nan, Jonathan B. Wang, Raymond J. St. Leger

Department of Entomology, University of Maryland, 
College Park, Maryland, United States of America.

Address for correspondence: mnan@umd.edu

Our previous studies suggested that even closely related 
individuals can differ greatly in outcomes following 
infection with Metarhizium anisopliae strain Ma549. 
Differences in susceptibilities to infection correlate with 
differences in immunity, metabolism, and sleep, yet how 
selective and environmental pressures might maintain 
these differences is poorly understood. D. melanogaster 
originated in South Africa and has recently expanded 
globally, allowing us to examine interactions among 
fungal infection, sleep, and host defense in Drosophila 
lines collected from around the World. We show that 
resistance to Ma549 varied by sex and place of origin, 
with males and African lines usually being more resistant, 
and correlate with sleep parameters that in turn correlate 
with temperature and latitudinal gradients at origin sites. 
Using two representative fly lines, we found that daytime 
sickness sleep increased within the first two days post 
infection with Ma549, particularly in the most resistant 
males. Host defense is linked to circadian rhythms in 
living organisms. Disrupted circadian rhythms can 
thus influence disease outcomes. Some of the most 
common behavioral manifestations of infection are 
changes in sleep and activity. Here, we employed a well 
characterized sleep-deprived Drosophila Shaker mutant 
with intact circadian rhythms to confirm that sickness 
sleep contributes to enhanced survival. We also used 
two mutants disrupted in circadian clock-controlled 
genes to examine the role of the clock in activity 
and sickness sleep after Ma549 infection. Our data 
demonstrated that period and Shaker genes protect 
against disease, whereas active ClkJrk reduces survival 
in infected Drosophila. 

Response of fat body from Japanese pine 
sawyer beetle, Monochamus alternatus to 
the entomopathogenic fungus, Beauveria 

bassiana ERl836

Yulim Park1, Soeun Park1, Yeram Im1, Insoo Jeon1,  
Yujin Jeong1, Kijung Kim1, Gahyeon Song1,

Jong-Cheol Kim1, Jae Su Kim1,2*
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University, Korea; 2Department of Agricultural 
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Japanese pine sawyer beetle, Monochamus alternatus, 
is a vector of pine wilt nematode causing pine wilt 
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disease. Although chemicals such as acetamiprid, 
thiacloprid, and metamsodium have been used to 
control M. alternatus, they cause environmental pollution 
and insect resistance. In this study, entomopathogenic 
fungi, one of the biological control agents were used 
to control M. alternatus, and the response of fat body 
from M. alternatus to the fungus was investigated. 
Entomopathogenic fungi were isolated from soil using 
an insect baiting method using Tenebrio molitor larvae. 
Of the isolates, the virulence of 12 isolates against 
M. alternatus adults was evaluated under laboratory 
conditions. As a result of spraying the conidial 
suspension at 1×107 conidia/ml, it was confirmed that 
the mortality of M. alternatus was higher than 70% in 
seven isolates (six of which were Metarhizium anisopliae 
and one of which was Beauveria bassiana) including 
ERL836. ERL836, the commercialized strains known 
to be highly pathogenic to insects showed the highest 
level of mycosis on insect body and produced highly 
thermotolerant conidia. To investigate the response of fat 
body, we performed RNA-seq analysis of RNA samples 
obtained from fat body of M. alternatus in 2 and 4 days 
after ERL836 treatment. On day 2 and 4, genes involved 
in muscle contraction were upregulated, however, genes 
involved in defense response were downregulated. 
Additionally, genes involved in ion-channel activity were 
downregulated on day 4. In conclusion, according to 
transcriptome analysis, it seems that genes related to 
defense and ion-channel activity are downregulated by 
ERL836 infection.

Genome analysis of Metarhizium 
guizohuense strain hA11-2.

Piña-Torres Iván Horacio1*, Dávila-Berumen Fabiola1, 
González-Hernández Gloria Angélica1, Torres-Guzmán 

Juan Carlos1, Padilla-Guerrero Israel Enrique 1**.
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The fungus Metarhizium is known for its ability to 
infect more than seven orders of insects and is also a 
colonizer and endophyte of plant roots, behaving as a 
mycorrhizal fungus. In this work, we evaluated the plant 
promotion capacity, as was the antagonism toward the 
phytopathogenic fungus Fusarium sp. of 200 strains of 
Metarhizium of different species, where the strain HA11-
2 of M. guizhouense shows the best antagonism and 
root protection and presents high insect virulence. To 
explain the fundamental processes of strain HA11-2 and 
to gain an understanding of its different associations, 
bioinformatics methodologies for genome analysis 
have been proposed. Genome assembly is essential to 
enable the identification of genes involved in different 

fungal lifestyles, useful genes and gene clusters that 
lead to advances in applications such as metabolic 
engineering, synthetic biology, biotechnology-based 
drug development and protein engineering. Through GO 
analysis, we identified the possible function, molecular 
process and cellular localization, as well as the possible 
clusters of secondary metabolites. This information 
allows us to create hypothetical molecular models of 
how these genes participate in each fungal lifestyle.

Quantification of filamentous growth 
of entomopathogenic fungi using 

spectrophotometry for rapid and high-
throughput analysis

Anna R. Slowik 1 ,2, Steve Sait 2, Helen Hesketh 3, Henrik 
H. de Fine Licht 1

1University of Copenhagen; 2University of Leeds; 3UK 
Centre for Ecology and Hydrology

Address for correspondence: slowik@plen.ku.dk

Quantifying growth is the fundamental basis for many 
studies involving fungi because growth is related to 
virulence and pathogenic potential for many pathogenic 
fungi. However, traditional methods for determining 
growth involving measuring biomass or colony growth 
area can be time consuming, which limits large scale, 
multi-factorial studies. Here we develop a method 
for rapidly measuring fungal growth in small-volume 
liquid media cultured in 96-well microplates using 
spectrophotometry. To determine whether this method 
is comparable to a traditional growth assay, we conduct 
a comparative analysis between colony growth area and 
change in absorbance of three species of Metarhizium 
fungi on agar plates and in microplate liquid cultures over 
the same nutritional gradient. Change in absorbance 
was clearly distinguishable across the three species 
and took 48 hours to measure. The effect from fungal 
species and media concentration captured in our 
method was similar to growth patterns observed on 
agar plates, which took 14 days to complete. To verify 
our measurements of growth, change in absorbance 
over time is compared to dry weight of samples which 
allows correlation of absorbance values to quantified 
biomass. We analyze three different species of 
Metarhizium with this technique and demonstrate it is an 
effective, reproducible, and simple method for rapidly 
measuring filamentous fungal growth. We will apply this 
technique for use in quantifying nutritional niches of 
entomopathogenic fungi and investigating the effects of 
environmental factors on fungal growth.
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Controlling of mustard aphid (Lipaphis 
erysimi Kaltenbach) by entomopathogenic 
fungi and host immune responses to fungal 

infection 

Cheng-Ju Yang1, Yu-Shin Nai1
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Mustard aphid (Lipaphis erysimi Kaltenbach) is one 
of the most destructive pests to cruciferous crops. 
With the accomplishment of the increasing pesticide 
resistance, more entomopathogenic fungi (EPF) have 
been developed as bio-pesticides for alterative pest 
controlling agents. However, the hosts response to 
the EPF infection is needed to be further studied. In 
this study, we attempt to isolate, select and evaluate 
the virulence of EPFs against mustard aphids and the 
immune responses of mustard aphid confront with 
fungal challenges. The result of pathogenicity screening 
showed that four EPF isolates, including NCHU-153 
(Beauveria bassiana), -196 (Metarhizium majus), -197 
(M. majus) and -213 (Cordyceps cicadae), revealed high 
potential in mustard aphid management. Among the 
four promising EPF isolates, C. cicadae-NCHU-213 (Cc-
NCHU-213), showed the highest effeteness (LT50= 2.09 
days at 107 conidia /mL) against mustard aphid, thus 
Cc-NCHU-213 was subjected to further study. To better 
understand the immune responses of mustard aphids 
to the Cc-NCHU-213 infection, mustard aphid immune-
related genes were identified by de novo assemblage 
of the mustard aphid transcriptomic data and tBLASTn 
homologs search against Acyrthosiphon pisum immune 
genes. The modulations of mustard aphid immune 
genes after Cc-NCHU-213 infection were performed by 
reverse-transcription quantitative PCR (RT-qPCR). The 
result showed that six immune genes (GNBP1, GNBP2, 
Toll, JNK, PPO2 and Stat92E) were induced after fungal 
infection at 48 hours post-infection. Among them, 
GNBP1 and Stat92E, which belong to the Toll and Jak-
stat pathways, respectively, were highly upregulated 
(>2-fold change), indicating these pathways might 
involve host response to fungal infection.

Nematodes 3
Moderator: TBA

Field application of entomopathogenic 
nematodes against Thaumatotibia 

leucotreta in South African avocado, litchi 
and macadamia orchards

Willem P. Steyn 1, Mieke S Daneel 1,  
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False codling moth, Thaumatotibia leucotreta (Meyrick) 
(Lepidoptera: Tortricidae), is an important pest of 
fruit crops in South Africa. The subtropical fruit crop 
industries currently use a combination of techniques for 
T. leucotreta suppression including chemical, microbial 
and cultural methods. In this study, the potential of 
using local entomopathogenic nematodes (EPNs) for 
the control of T. leucotreta was investigated. Semi-field 
trials were conducted in avocado, litchi and macadamia 
orchards, using four EPN species. The effect on 
T. leucotreta mortality, directly after application (two 
days) of EPNs, as well as on persistence of EPNs in the 
soil 7, 14, 21, 28, 35, and 42 days post-application was 
determined. Results from the field trials, using 30 IJs per 
cm2, showed that Steinernema yirgalemense resulted in 
the highest mortality (86%) directly after application, 
while Steinernema litchii exhibited the lowest effectivity 
of the four EPN species, with 63% mortality. Mortality 
of T. leucotreta after application for Heterorhabditis 
bacteriophora and Heterorhabditis zealandica ranged 
from 70-75%. High persistence was found until day 
14, with a steep decline thereafter until day 28. Similar 
results were obtained in the three crops tested with 
S. yirgalemense outperforming the other EPN species. 
Local South African EPN species showed great potential 
for the future control of the late instar of T. leucotreta, 
with the added advantage of persistence. 

Evaluating biologicals for the control 
of false codling moth (Thaumatotibia 

leucotreta) in field trials

Francois du Preez, Murray D. Dunn, Antoinette P. 
Malan, Pia Addison

Department of Conservation Ecology and Entomology, 
Stellenbosch University, Private bag X1, Matieland, 

7602, South Africa
Address for correspondence: fdupreez@sun.ac.za

False codling moth (FCM), Thaumatotibia leucotreta, is 
a priority pest of citrus, and an important pest of stone 
fruit and table grapes in South Africa. Its phytosanitary 
status demands reliable control strategies in a global 
market that is increasingly sensitive to traditional 
agrochemicals. Laboratory studies evaluating South 
African isolates of entomopathogenic nematodes (EPN) 
and -fungi (EPF) demonstrates high control potential 
against FCM. Final instar larvae and pupae of FCM are 
soil-bound, creating unique opportunities for its control 
using soil-targeted applications. In this study, in vitro 
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liquid cultured and cellulose-formulated Steinernema 
yirgalemense, and blastospore-initiated mass-produced 
Tween-formulated spores of Metarhizium brunneum, 
were evaluated against final instar FCM larvae in a 
small-scale field trial in an apricot orchard located close 
to Ceres, Western Cape province. Dosages of 20 IJ/cm 
for EPN, 106 spores/cm for EPF, and 5 IJ/cm for EPN 
and 106 spores/cm for EPF in combination, with water 
as control, were applied to caged FCM larvae buried 
underneath the canopy of orchard trees, in a completely 
randomised design, using eight application plots of 1 m2 

for each treatment. Mortality was assessed after seven 
days, and infection was confirmed through dissection 
(EPN) or sporulation (EPF). This study is part of a larger 
collaborative effort which aims to commercialise locally 
isolated biological control agents for use in integrated 
pest management strategies in South Africa. 

Effect of entomopathogenic nematodes on 
the Colorado potato beetle, Leptinotarsa 

decemlineata (Say) in Georgia

Nona Mikaia 1, Irina Khelisupali 2, ZairaTkhebuchava 3
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The most important damage causing pest in Georgia 
today is Colorado potato beetle, Leptinotarsa 
decemlineata Say. Species of the entomopathogenic 
nematodes, Steinernema carpocapsae isolate “Zi” 
(Germany) and strain Steinernema carpocapsae (Israel) 
were studied against L. decemlineata. Under laboratory 
conditions by using different nematode strains 1000 
IJ/ml of S. carpocapsae isolate “Zi”(Germany) and 
strain S. carpocapsae (Israel) were used separately 
and in combination against L. decemlineata. In the 
results of investigation to shown that high effect of all 
treatments of pests such as, 4th and 5th instar larvae 
of L. decemlineata were recorded on the 7th day, after 
treatments with S. carpocapsae izolate Zi (Germany) 
and S. carpocapsae (Israel) in combination. Separately 
the percentages of 4th instar larvae mortality were 68 % 
for S. carpocapsae isolate Zi, 76 % for S. carpocapsae 
(Israel). In combination of both strains S. carpocapsae 
izolate Zi, (Germany) and S. carpocapsae (Israel) were 
84%. Separately the percentages for 5th instar larval 
mortality for S. carpocapsae isolate Zi, (Germany) was 
64 %, S. carpocapsae (Israel). 78%, in combination 
of both strains were 89% and no larvae mortality on 
control treatments. These findings might be taken 
into consideration in evaluating the success of the 
entomopathogenic nematodes as a pathogenic 
insecticide for L. decemlineata as pest of potato 

plants and opens new approaches to develop highly 
efficient combined biological products based on 
entomopathogenic nematodes as a bio-agents. In 
conclusion, it was determined that, L. decemlineata can 
be controlled by S. carpocapsae isolate Zi (Germany) and 
S. carpocapsae (Israel) in the combination and further 
studies should be conducted at field and greenhouse 
conditions.

Investigating the potential use of 
entomopathogenic nematodes (EPNs) as 
biological control agent against Tenebrio 

molitor

Mothapo Maletjema, Lephoto Tiisetso
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Nematodes are microscopic worms that dwell in water 
films and water-filled pore spaces in the soil. They are 
either free living, predaceous or parasitic. Parasitic 
nematodes cause diseases of animals, humans and 
plants. Nematodes associated with killing insects are 
entomopathogenic (EPNs). EPNs are used as biological 
control agents as they are safe to the environment 
and are target specific. EPNs live symbiotically with 
bacteria that assists them in killing their insect host. The 
symbiotic bacteria provide pathogenicity and degrades 
host tissues, and they also produce a wide range of 
bioactive secondary metabolites. This study aims to 
isolate and identify nematodes from soil samples and 
test their pathogenicity against Tenebrio molitor. In 
addition, investigate the potential use of the associated 
bacteria to inhibit growth of other microorganisms. 
The nematode obtained from the soil samples was 
identified as Cruznema sp. Thorough investigations on 
this species of nematodes are needed to evaluate their 
potential capabilities to kill insect pests.

Experimental evolution in the biocontrol 
system of Sirex noctilio – Amylostereum 

areolatum – Deladenus siricidicola
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The European woodwasp, Sirex noctilio, is an important 
pest of Pinus. It causes damage through ovipositing a 
mixture of eggs, toxic mucus and a symbiont fungus, 
Amylostereum areolatum, into pine trees. An identified 
biological control agent used against S. noctilio is the 
parasitic nematode Deladenus siricidicola. Deladenus 
siricidicola has a bicyclic life cycle, the free-living form 
feeding on A. areolatum and the parasitic form rendering 
the female wasp infertile. Deladenus siricidicola was 
re-isolated after 20 years of mass rearing as it lost its 
efficiency to infect and sterilize S. noctilio. A long-term 
study of D. siricidicola was initiated in 2013, whereby 
nematodes were isolated and cryopreserved twice 
yearly while simultaneously reared on agar plates. This 
study investigated the effect of long-term rearing of the 
nematode on the conversion rate to the parasitic form. 
The effect of A. areolatum on the reproductive success 
of long-term reared D. siricidicola was also investigated. 
Five generations were selected from liquid nitrogen and 
their eggs placed onto agar together with a fungal strain. 
The number of nematodes was scored after 25 days. 
For the conversation trial, eggs were added on lactic 
acid agar plates and females with stylet scored after 25 
days. It is hypothesized, that the original A. areolatum 
strain used to establish the nematode culture, will 
have a higher reproduction success, compared to the 
new fungal strains. Furthermore, long-term rearing will 
negatively affect the conversion success. Understanding 
the experimental evolution in D. siricidicola will help 
improve the management of S. noctilio in future.

Efficacy, host-finding ability, and 
application of entomopathogenic 

nematodes on pupae of Gonipterus sp. 2

Innocent Lephaswa Rakubu, Agil Katumanyane, Brett P. 
Hurley 
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Gonipterus sp. 2 is an important pest of eucalypt trees 
in South Africa and other countries. The pest is partially 
controlled with a mymarid egg parasitoid, Anaphes 
nitens. There is a need to identify additional biological 
control agents that target other life stages of the pest 
in order to achieve a better control. This includes the 
pupal stage that occurs in the soil. Entomopathogenic 
nematodes (EPNs) are used as biological control agents 
for numerous soil pests, and thus have the potential to 
use against pupae of Gonipterus sp. 2. In this study five 
South African local EPN species were screened for their 
virulence and lethal dosage on pupae of Gonipterus sp. 

2. Four EPN species, namely Steinernema jeffereyense, 
S. fabii, Heterorhabditis noenieputensis and H. safricana 
provided pupal mortality of less than 40%, while 
S. yirgalemense provided the highest pupal mortality 
of 100%, at two days post-inoculation. Each screened 
EPN species was inoculated at a concentration of 
200 infective juveniles (IJs) per pupa in 50 µl of sterile 
water. Steinernema yirgalemense was selected and 
applied at different concentrations, namely 0, 12, 25, 
50, 100, 200, and 400 IJs/pupa to determine its lethal 
dosage. Probit analysis indicated that the LC50 and 
LC90 of S. yirgalemense is 48.46 and 257.51 IJs/pupa, 
respectively. Based on our findings, S. yirgalemense has 
the potential as a biological control agent of Gonipterus 
sp. 2. Further research to test application methods and 
assess its success in the field are ongoing.

Entomopathogenic nematodes and plant 
resistance for the control of sweet potato 

weevils under field conditions

Zulu Sinethemba 1, Ramakuwela Tshima 1, Shapiro-Ilan 
David 2, Laing Mark 3
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The sweet potato weevil (Cylas puncticollis) is the most 
important insect pest of sweet potatoes. Its control 
is a challenge due to the cryptic nature of the larvae 
and night activity of the adults. Entomopathogenic 
nematodes (EPN) have gained a lot of interest to 
researchers for management of economically important 
pests. The aim of the study was to explore the potential 
of EPN for biological control of sweet potato weevils 
(Cylas puncticollis) under field conditions. Sweet potato 
field trial was conducted at five different localities 
in Gauteng, Limpopo and Northwest provinces. Six 
treatments were applied on the field, namely: chemical 
pesticide, Heterorhabditis bacteriophora formulation 1 
with 2% Barricade gel, H. bacteriophora formulation 2 
(Cadavers), Steinernema tophus formulation 1 with 2% 
Barricade gel, S. tophus formulation 2 (cadavers) and 
a non-treated control. Both, the cadaver and Barricade 
formulations of H. bacteriophora SGI 245 demonstrated 
successful reduction of C. puncticollis compared to the 
Steinernema sp., S. tophus. Overall, the cultivar Monate 
had less insect damage than Blesbok and Bophelo, 
and it was the best yielding cultivar. Entomopathogenic 
nematodes serve as a potential biological control 
method for the control of sweet potato weevils. 
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strains of entomopathogenic nematodes 

to Phthorimaea operculella (Zeller) 
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Entomopathogenic nematodes (EPNs) are amongst 
nematodes the most potent biological agents and the 
most important natural regulators of insect populations. 
In this work we present results of the laboratory test 
of virulence of commercial and native EPN strains 
to Phthorimaea operculella (Zeller) (Lepidoptera, 
Gelechiidae) larvae and pupae. The potato tuber moth 
larvae and pupae were obtained from laboratory potato 
culture. Bioassays were performed in Petri dishes on 
filter paper using EPNs in three different concentrations 
in laboratory conditions and repeated twice. Obtained 
results showed high virulence of all EPN strains against 
above all last larval stages. Work is in progress to prove 
the efficacy of EPNs against this potato pest in semi-
field conditions and test the ability of different EPN 
strains to reach and infect the potato moth larvae in the 
soil inside the tuber.

Viruses 5
Moderator: Manli Wang

Virus infection has limited spread of 
coconut rhinoceros beetle (Oryctes 

rhinoceros) haplotype III in the Pacific 
Islands
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New Zealand
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The coconut rhinoceros beetle (CRB) (Oryctes 
rhinoceros) was accidentally introduced into the SW 
Pacific Island of Upolu, Samoa with planting material 
more than a century ago. Over the next 60 years the 
beetle spread to surrounding Polynesian islands 
causing severe damage to coconut palms. This invasive 
population has been identified as belonging to a distinct 
haplotype (CRB III) and was brought under control by 
discovery and release of the Oryctes nudivirus (OrNV) 

during the 1960’s, 70’s and 80’s. The virus established 
in the CRB populations and continues to circulate in 
most localities with high levels of infection from adult-
adult contagion and, since release, there has been no 
further range expansion of CRB III in the Polynesian SW 
Pacific. The wider Pacific region, however, has suffered 
recent invasions of CRB of different haplotypes (CRB 
I (CRB-G), CRB II) which have been free of OrNV. The 
invasive populations of CRB I appear to show resistance 
to the traditional isolates of OrNV, necessitating the 
search for new effective strains or alternative biocontrol 
agents. The invasive populations of CRB II are also free 
of virus and under test for susceptibility to OrNV. While 
haplotype mixing has occurred in some areas, most 
island outbreaks remain monophylic. Although the SW 
Pacific remains uniquely CRB haplotype III with a high 
incidence of virus, it is important to maintain surveillance 
for the other invasive haplotypes which could overcome 
current IPM practices.

Complete genome sequence of Penaeus 
vannamei singly enveloped nuclear 

polyhedrosis virus (PvSNPV) (also known 
as Baculovirus Penaei) revealed it is similar 

to Nudiviruses than baculoviruses
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Penaeus vannamei singly enveloped nuclear 
polyhedrosis virus (PvSNPV) (also known as Baculovirus 
Penaei (BP) is the first viral pathogen of penaeid shrimp 
described in 1974. Although PvSNPV was discovered 
more than 45 years ago, the complete genome of BP 
has not been elucidated. We detected the virus in a 
quarantine stock of P. vannamei by light microscopy 
of fecal samples and by PCR screening of broodstock. 
Subsequently, next generation sequencing (NGS) was 
deployed to determine the complete genome sequence 
of PvSNPV. The PvSNPV genome contains a circular, 
double-stranded DNA of 119,883 bp in length encoding 
100 open reading frames (ORFs). The deduced amino 
acid sequences from 25 ORFs were homologous 
to 28 core proteins from all identified nudiviruses. 
Phylogenetic analyses based on deduced amino acid 
sequences of the core genes and orthologous genes 
revealed that PvSNPV clusters with Penaeus monodon 
nudivirus (PmNV). Therefore, we propose to rename BP. 
PvSNPV as Penaeus vannamei nudivirus (PvNV) and 
re-assign the virus to the family Nudiviridae instead of 
Baculoviridae. 
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nucleopolyhedrovirus with distinct 
occlusion body morphologies

Fabricio da Silva Morgado 1, Daniela Carrilho de Jesus 1, 
Bergmann Morais Ribeiro 1

1 Baculovirus Laboratory, Cellular Biology Department, 
Institute of Biology, University of Brasilia – Campus 

Darcy Ribeiro, Brasilia, Brazil
Address for correspondence: fabsmorga@gmail.com

The Chrysodeixes includens nucleopolyhedrovirus 
(ChinNPV) is a major asset used in the biological control 
of C. includens larvae, an important soybean pest. In 
this work we used a field collected ChinNPV to infect 
Trichoplusia ni derived Hi5 cells and selected two 
isolates with distinct occlusion body (OB) phenotypes 
by serial end-point dilution. The ChinNPVSMALL was 
more abundant during the initial infections of Hi5 cells 
and produced large amounts of small sized OBs giving 
the nucleus a dark granular appearance. ChinNPVBIG 
was a rare occurrence and produced few large sized 
OBs per cell. Scanning electron microscopy of purified 
OBs from ChinNPVSMALL presented a 1 µm average 
diameter with common irregular round shapes and rare 
tetrahedral topologies. ChinNPVBIG generated a larger 
variation of sizes with regular dodecahedron topology, 
averaging 1.6 µm diameter with larger OBs ranging up to 
4 µm. Transmission electron microscopy demonstrated 
that both OB phenotypes effectively occluded single 
enveloped ODVs. The polyhedrin genes from each 
isolate have only synonymous mutations between 
them. Therefore, the OB morphologies must be related 
to other genomic alterations. Dispersion of the virus with 
a larger number of small OBs may improve immediate 
epizootic events but the larger polyhedra may be more 
resistant to environmental factors and prolong viral 
persistence. The presence of both phenotypes in the 
field has important implications for the ecological and 
evolutionary interactions between baculoviruses and its 
hosts.

Isolation and characterization of the cell 
infection cycle of a Chrysodeixes includens 

cypovirus
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The insect cypoviruses are diverse in nature but little 
is known of the infection cycle produced in individual 

host cells. In this work, we purified occlusion bodies 
(OBs) from a Chrysodeixes includens cypovirus derived 
of infected C. includens larvae and used its occlusion 
derived viruses to infect Hi5 cells in vitro, followed by 
serial end-point dilution to generate isolates with unique 
phenotypic traits. The OBs of ChinCPVSMALL are round 
shaped and possess 0.5 µm (± 0.2) diameter with a high 
density of occluded virions. Its genome has 10 dsRNA 
segments ranging from 4.5 to 0.9 kbp. Histopathological 
observations of orally infected C. includens larvae 
developed infections restricted to the superficial cells in 
the midgut with no evidence of systemic spread to other 
tissues. Infections of Hi5 cells in vitro presented rare 
plaque formations between adjacent cells but increased 
with the number of apoptotic cells. Cell lysis was rare 
even at very late stages in cells with large number of 
OBs. Transmission electron microscopy demonstrated 
that virion and OB formation occurs inside extensive 
multilamellar compartments in the cytoplasm. No 
signs of budding of virions thru the plasma membrane 
were observed. Although the cytoplasm had extensive 
alterations such as an abundance of autophagosome-
like organelles, the nuclear morphology remained similar 
to uninfected cells. This collection of observations 
indicates that ChinNPVSMALL induces processes 
related to autophagy and apoptosis in order to generate 
its environment for replication with the resultant apoptotic 
bodies as possible drivers of systemic infections in vitro 
and in vivo.

Selection of a UV-resistant isolate 
of Cryptophlebia peltastica 

nucleopolyhedrovirus for improved 
field persistence and efficacy against 

Thaumatotibia leucotreta
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Thaumatotibia leucotreta is one of the most important 
insect pests within the South African citrus industry. 
It is classified as a phytosanitary pest in regions to 
which South Africa exports and can cause fruit damage 
throughout larval feeding. The entomopathogenic 
virus Cryptophlebia leucotreta granulovirus (CrleGV-
SA) is one of the major biological control agents 
used in integrated pest management programmes 
in South Africa to control T. leucotreta. Baculoviruses 
are predominantly used as they have a narrow host 
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range and do not harm non-target pests or humans. 
One of the greatest shortcomings of baculoviruses as 
biopesticides, however, is their sensitivity to ultraviolet 
radiation, leading to their rapid breakdown in the field. 
Recently a study was completed at Nelson Mandela 
University, where a UV-resistant isolate of CrleGV-SA 
was successfully selected. It was achieved by exposing 
the virus to UV irradiation in a Q-Sun Xe-3 HC test 
chamber, an environmental chamber simulating natural 
sunlight. The parameters were set to mimic those of a 
typical summer’s day in the Sundays River Valley, South 
Africa. The UV-resistant isolate had about 1000-fold 
improvement in virulence after five exposure cycles 
to UV, relative to the wild-type isolate. We propose to 
apply the same approach to Cryptophlebia peltastica 
nucleopolyhedrovirus (CrpeNPV), the newly discovered 
litchi moth virus, which is also highly virulent against 
T. leucotreta. The development of a UV resistant 
CrpeNPV isolate would provide a persistent and effective 
biological alternative to the CrleGV-SA products to 
control T. leucotreta. 

Properties of SfMNPV occlusion bodies 
from living and virus-killed larvae of 
Spodoptera frugiperda (lepidoptera: 

Noctuidae)
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The efficient production of nucleopolyhedrovirus 
occlusion bodies (OBs) is critical to their commercial 
development as biological insecticides. The quantity 
and insecticidal activity of OBs produced in vivo depend 
on multiple factors, including the timing of harvesting 
of infected insects. A few studies have reported that 
harvesting of OBs prior to insect death results in 
OBs with reduced insecticidal activity, although the 
reasons for this are unclear. The insecticidal activity 
of OBs produced in living larvae is an issue of interest 
as a fraction of infected insects is often harvested 
prior to death in order to minimize OB losses due to 
post-mortem liquefaction. Here we compared the 
production, size, maturation, virus genome content and 
pathogenicity of SfMNPV-NIC OBs produced in infected 
(living) and virus-killed Spodoptera frugiperda larvae at 
three time points on the mortality curve, namely 3-4 d 
post-inoculation (early deaths), 5 d post-inoculation 
(peak deaths), 6-7 d post-inoculation (late deaths). 
OB production (OBs/larva, OBs/mg larval weight) 
increased significantly over time in both living and virus-
killed insects. OB size did not fluctuate greatly, but the 
proportion of mature OBs with a polyhedron envelope 
increased markedly over time. The pathogenicity of OBs 

was closely correlated with the proportion of mature 
OBs present in the samples obtained from both living 
and virus-killed insects. We conclude that (1) premature 
harvesting of OBs from living insects will likely reduce 
the potency of nucleopolyhedrovirus-based insecticides 
and (2) laboratory studies on OB potency should involve 
the collection of OBs at a standardized interval post-
inoculation.

16h45 – 17h00 Break

17h00 – 19h00 BACTERIA DIVISION 
SyMPOSIUM

Bacterial insecticide proteins and fall armyworm 
control  

(Chairs: Juan-Luis Jurat-Fuentes & William Moar)

Role of ABCC transporters and cadherin 
in the mode of action of Bacillus 

thuringiensis Cry1 toxins in the Fall 
Armyworm
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Bacillus thuringiensis produces diverse pesticidal 
proteins that are toxic to different insect orders and 
nematodes. Among them, the Cry toxins have been 
used successfully for in insect control, especially in 
transgenic crops against lepidopteran pests. After 
ingestion of Cry crystal inclusions, soluble protoxins 
could be proteolytically activated by larval gut proteases 
leading to the activated toxin. Both forms (activated 
toxin or protoxin) bind to larval midgut membrane 
proteins. Receptor binding induces toxin oligomerization 
and pore formation, which finally disrupts midgut cells 
and kill the larvae. Activated Cry toxins are composed 
by three domains where Domain I is involved in toxin 
oligomerization, membrane insertion and pore formation 
while Domains II and III are involved in binding to 
larval midgut membrane proteins. The Fall armyworm 
(Spodoptera frugiperda) is an important maize and 
rice pest from the Americas, that has recently invaded 
Africa and Asia posing a global threat to agriculture. 
S. frugiperda is efficiently controlled by Cry1Fa toxin 
although different populations show diverse sensitivity 
to other Cry toxins such as Cry1Ab or Cry1Ca. Also, 
different S. frugiperda populations from North and 
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South America have evolved resistance to Cry1Fa 
toxins produced in transgenic maize. Recently we have 
isolated and characterized Cry1Ab and Cry1Fa Domain 
III mutants that show enhanced toxicity to different 
S. frugiperda populations. Larval midgut proteins such 
as glicosyl-phoshpatydil anchored proteins, like alkaline 
phosphatase or aminopeptidase N; or transmembrane 
proteins, such as cadherin (CAD) or ABC transporters 
have been recognized in different insects, as Cry-
receptors that facilitate toxin oligomerization and 
membrane insertion. The resistance to Cry1Fa in 
S. frugiperda has been shown to be linked to different 
mutations of ABCC transporter genes. Interestingly 
Cry1Ab domain III mutants with enhanced toxicity gain 
affinity interaction to CAD receptor. In this talk we will 
summarize recent findings obtained by using CRISPR/
Cas9 knockout constructs, that help us to better 
understand the role of ABCC and CAD receptor proteins 
in the mode of action of Cry toxins in S. frugiperda. The 
data show that Cry1Fa and Cry1Ab rely on ABCC2 and 
ABCC3 transporters, having a redundant role, while 
CAD is not involved in the mode of action of these 
toxins. All over these data show that although CAD is 
not a functional receptor of Cry1Ab or Cry1Fa toxins in 
S. frugiperda, enhanced toxicity could be achieved by 
mutations that increase binding to CAD receptor.

Current status of Vip3A efficacy against 
Spodoptera frugiperda in Brazil
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Spodoptera frugiperda (FAW) is the main lepidopteran 
pest in maize in Latin America, and in recent years it has 
colonized other continents where it is becoming a major 
agronomical thread as well. Since the development 
of transgenic crops expressing different insecticidal 
proteins derived from Bacillus thuringiensis (known as 
“Bt crops”), their use by farmers in Latin America has 
been the most strategic tool for the control of this pest, 
representing more than 90% of the total maize production 
in Brazil. Given the tropical environment and the typical 
agronomical practices implemented in this country 
(with critically low refuge adoption), most of the Bt corn 
technologies have lost their efficacy to some degree due 
to the evolution of resistance by field populations of FAW 
mainly to proteins within the Cry1 family. Currently, corn 
hybrids expressing the vegetative insecticidal protein 
Vip3Aa20 is the primary effective mode of action for the 
control of FAW in Latin America. The implementation of 
strong insect resistance monitoring programs specially 

in the tropical environment of Brazil, is key for preserving 
the durability of Bt technologies. The results of these 
monitoring programs, which include field monitoring 
through sentinel plots and field surveillance as well as F2 
screening methodology to estimate the frequency of the 
resistance alleles, show that Vip3A is highly efficacious 
for the control of FAW. In this context, implementing 
best management practices, especially structured 
refuge, is key to preserving the durability of Vip3A corn 
technology in Latin America. 

Using insecticidal proteins for control of 
Fall armyworm (Spodoptera frugiperda)  

in Africa
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The invasion of Africa by Spodoptera frugiperda and its 
damage to maize and sorghum results in serious crop 
losses on the continent. Although the range distribution 
of this pest is on the increase, the severity of damage 
in some regions declined over the past 5 years and it 
seems that initial estimations of damage at field level 
may have been over-estimated. While application of 
synthetic insecticides remains the most used method of 
control, longer term strategies such as biological control, 
breeding for host plant resistance, biopesticides and 
the use of agroecological methods are becoming more 
important. The use of genetically modified Bt crops that 
produce insecticidal Cry proteins is however limited to 
very few countries in Africa. While Bt maize varieties 
that produce Cry1Ab, Cry1.105, Cry 2Ab2 and Cry1F 
proteins are only currently cultivated in South Africa, it 
is expected that Cry1Ab maize will be approved soon 
for cultivation in Kenya. Under field conditions in South 
Africa, single-gene Cry1Ab maize have been observed 
to suppress fall armyworm damage while pyramid-gene 
varieties expressing both Cry1.105 + Cry 2Ab2 proteins 
are highly effective against this pest. High levels of survival 
of fall armyworm on single-gene Bt maize varieties have 
been reported and indications are that this may also 
be the case for pyramid varieties in the future. While Bt 
crops are a valuable tool for S. frugiperda management, 
insect resistance management remains a challenge in 
agroecological regions where pest populations persist 
on the continent. 
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Progress in Developing and Deploying 
Insect-resistant and Drought-tolerant 

Maize Through Public-Private Partnership 
for African Farmers
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Stephen Mugo5
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Frequent drought-stress and insect-pests damage 
including fall armyworm (FAW, Spodoptera frugiperda) 
and stem borers (Chilo partellus, Busseola fusca, and 
Sesamia Calamistis) associated with climate-change, 
pose a significant threat to food security for over 
300 million people in Africa who depend on maize as 
main food source. To address this threat, TELA Maize 
Project, a public-private-partnership was initiated 
to use genetic engineering to develop and deploy 
new insect-resistant and drought-tolerant maize 
hybrids (TELA® maize) for smallholder farmers (SHF). 
AATF, a technology transfer organization, leads the 
partnership that includes CIMMYT, Bayer, and NARS 
of Ethiopia, Kenya, Mozambique, Nigeria, South Africa, 
Tanzania, and Uganda. Conventionally bred drought-
tolerant inbreds were traited with insect-resistant, Bt 
(MON810 [Cry1Ab]/ MON89034 [Cry1A.105/Cry2Ab2]; 
from Bacillus thuringiensis) and drought-tolerant (DT, 
DroughtGard® from Bacillus subtilis) genes. TELA® 
hybrids were developed with Bt only or Bt stacked with 
DT and evaluated for efficacy in confined field trials in 
project countries. On average, under natural FAW and 
artificial stem borer infestation, TELA® hybrids with 
MON810 gave 43% yield advantage compared to 
isogenic hybrids. Under optimum-moisture conditions 
with chemical-control of target pests as required for 
regulatory trials, TELA® hybrids gave similar yield 
as conventional isogenic hybrids, confirming no 
unintended changes due to genetic transformation. 
Five TELA® MON89034 hybrids are currently used to 
control FAW by SHF in South Africa. Twelve TELA® 
MON89034 hybrids are in variety certification trials in 
Nigeria while three TELA® MON810 hybrids are awaiting 
commercialization in Kenya. TELA® hybrids should be 
an important component of IPM for FAW management 
in Africa.

New insecticidal proteins with activity 
against fall armyworm, Spodoptera 

frugiperda

Mark E. Nelson

Corteva Agriscience, 7300 NW 62nd Ave.,  
Johnston, IA 50131

Address for correspondence:  
mark.e.nelson@corteva.com

The fall armyworm (FAW) is a major crop damaging pest 
originating in the tropical/sub-tropical regions of the 
Americas, but has spread through sub-Saharan Africa 
into India, China, much of southeast Asia and Australia. 
Although FAW larvae feed preferentially on plants in the 
Poaceae (grass) family including maize and rice, they 
are highly polyphagous, and also feed on soybean, 
cotton, and a variety of vegetable crops. Transgenic 
control of FAW has relied on certain proteins from 
Bacillus thuringiensis including Cry1A, Cry1F, Cry2A, 
and Vip3A. However, sustained control of FAW can be 
challenging, particularly in climates that enable year-
round populations to establish where resistance can 
develop more rapidly. The development of resistance 
can be slowed by appropriate integrated pest 
management tactics, but new proteins are needed. This 
presentation will discuss the discovery of new proteins 
with activity against FAW that show great promise 
for trait development for crop protection against this 
devasting pest.

Two new modified Bacillus thuringiensis 
(Bt) proteins, Cry1B.868 and Cry1Da_7, 

with activity against fall armyworm (FAW) 
Spodoptera frugiperda (J.E. Smith)

William Moar, Samuel Martinelli

Bayer CropScience, 700 Chesterfield Parkway, 
Chesterfield, MO, USA 63017

Address for correspondence: william.moar@bayer.com

Two new modified Bacillus thuringiensis (Bt) proteins 
Cry1B.868 and Cry1Da_7, were designed to increase 
activity against fall armyworm (FAW) Spodoptera 
frugiperda (J.E. Smith). Using the disabled toxin 
approach the newly modified Cry1B.868 and Cry1Da_7 
proteins do not overlap in binding between each other, 
and do not overlap in binding to commercially available 
Bt proteins such as Cry1F, Cry1A.105, Cry2Ab and 
Vip3A. LC50 values in diet incorporation bioassays 
for Cry1B.868 and Cry1Da_7 were 62.8 and 9.4 µg/
mL, respectively. Bioassays using maize leaf disks 
expressing either Cry1B.868, Cry1Da_7, or both 
(MON 95379) effectively controlled FAW. MON 95379 
controlled MON89-resistant FAW in whole plant assays 
while MON 95379 was highly effective at protecting 
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plants from FAW larval feeding damage in the field. 
Cry1B.868 and Cry1Da_7 represent two new Bt proteins 
with new and independent modes of action (MOA) with 
FAW activity, and when pyramided together, it should 
provide durability in the field against this economically 
important pest.

Day 4 – Thursday 4th August
13h00 – 13h15 House keeping

13h15 – 13h45 Q & A SESSIONS

Bacteria 4
Moderator: Neil Crickmore

Models for pore formation of Cry toxin via 
receptor interactions

Haruka Endo 1, 2

1Department of Integrated Bioscience, Graduate 
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Kashiwa, Chiba, 277-8562, Japan; 2RIKEN Center for 

Brain Science, 2-1 Hirosawa, Wako,  
Saitama 351-0198, Japan

Address for correspondence: haruka.endo@riken.jp

The discovery of the ABC transporter C2 (ABCC2) in 
Cry mode of action prompted a reconsideration of the 
sequential binding model, which explained the pore 
formation mechanism using the 12-cadherin domain 
protein (cadherin) and aminopeptidase N (APN). ABCC2 
alone mediates high Cry1A toxicity based on its high 
activity for helping pore formation. The sequential 
binding between receptors is not necessarily required 
to mediate Cry toxicity. Some researchers believe that 
ABCC2 and cadherin sequential binding underlies the 
synergism between ABCC2 and cadherin. However, 
it should happen only rarely considering an apparent 
extremely high affinity of multivalent binding and their 
overlapping binding site on Cry1A toxin. Now is the 
time to rethink about the pore formation mechanism via 
receptor interactions from scratch. In this talk, I revisit 
what a “receptor” is, discuss potential mechanisms 
of pore formation, and propose an alternative model 
in which an assembly of toxin–receptor complexes 
forms a pore. Since the Cry1A-ABCC2 and Cry1A-
cadherin binding likely have a 1:1 stoichiometry, 
tetramer formation could not occur on a single receptor 
molecule but could occur in theory on an assembly of 
Cry1A-receptor complexes. I also discuss the molecular 
mechanism and prerequisites of ABCC2 and cadherin 
synergism. Furthermore, I attempt to explain Cry 
toxicity using toxin–receptor binding affinities and built 
a mathematical model, which successfully predicts 
actual Cry toxicity mediated by ABCC2 and cadherin 
synergism.

High efficacy of Bacillus thuringiensis 
evolved through increased parasporal 

body complexity

Brian Federici 1

1Department of Entomology and Institute for Integrated 
Genome Biology, University of California, Riverside, 

California 92521 USA
Address for correspondence: brian.federici@ucr.edu

Over the past century, many thousands of Bacillus 
thuringiensis (Bt) isolates have been characterized 
for insecticidal efficacy and parasporal body (PB) 
protein composition. While most are primarily active 
of against lepidopteran larvae, others proved effective 
against certain coleopteran or dipteran larvae. Studies 
during the 1950’s and 1960’s showed the HD1 isolate 
of Bacillus thuringiensis subsp. kurstaki was the most 
effective against numerous species of caterpillar pests, 
and thus it became the first widely used commercial 
Bt insecticide. Subsequent molecular studies 
demonstrated HD1’s broad target spectrum and high 
efficacy were due to its complex PB, which contains four 
Cry proteins, Cry1Aa, Cry1Ab, Cry1Ac, and Cry2Aa. The 
PB of another B. t. kurstaki isolate, HD73, was shown to 
contain only Cry1Ac, yielding lower efficacy and a limited 
target spectrum. Later surveys in the 1970’s resulted in 
the discovery of B. t. subsp. israelensis, highly active 
against dipterans mainly larvae of mosquitoes and black 
flies (Suborder Nematocera). Its PB, the most complex 
known, contains three Cry proteins, Cry4Aa, Cry4Ab, 
Cry11Ab, and Cyt1Aa, bound together by a fibrous 
matrix. Later, an isolate of B. t. subsp. morrisoni was 
discovered with a PB containing on Cry3A active against 
coleopteran larvae. More recent structural studies, my 
focus here, suggest even more links to PB complexity 
and efficacy, with 65 kDa proteins like Cry2, Cry3 and 
Cry1 acquiring a c-terminal domain of 65 kDa, yielding 
co-crystallizing 135-kDa proteins like Cry1, or Cry4 and 
Cry11 in B. t. subsp. israelensis combined with Cyt1A 
and a complex fibrous matrix. 

Engineering Bacillus thuringiensis 
and Cry5B for practical deworming 

applications 

Kelly A Flanagan1, Jeff Chicca1, Nicholas Cazeault 1, 
Carli Garceau1, Florentina Rus1, Hanchen Li 1,  
Ester Darfour1, Gary Ostroff 1, Raffi V Aroian1 

1 Program in Molecular Medicine, University of 
Massachusetts Medical School, MA, USA

Address for correspondence: 
raffi.aroian@umassmed.edu

Gastrointestinal nematodes (GINs) are a critical threat to 
livestock, companion animals, and ~1.5 billion people, 
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causing significant morbidity worldwide. The heavy 
use of small-molecule drugs to treat gastrointestinal 
parasites has selected for drug-resistant GINs. Cry5B, 
a crystal protein discovered in Bacillus thuringiensis 
(Bt), is an effective nematicidal protein that has been 
developed as a paraprobiotic therapy, called IBaCC, 
for GIN infections. Here, we present that cry5B has 
been integrated into the Bt chromosome for plasmid-
free expression. These cells with integrated cry5b reach 
higher cell densities in culture than cells harbouring 
cry5B-expressing plasmids, without the need for 
antibiotic maintenance of the expression construct. We 
can combine Cry5B with other nematicidal Bt protein 
integrants within a single Bt genome to express more 
than one recombinant crystal protein. We further 
demonstrate how the cry5B protein sequence can 
be subjected to large scale site mutagenesis and 
directed site mutagenesis to improve Cry5B toxicity in 
vivo. These engineered Cry5B mutants demonstrate 
where and how the Cry5B sequence may be altered 
for decreased proteolytic degradation and enhanced 
toxicity against GINs. Finally, we successfully applied 
the IBaCC process to the novel cry5B-integrated Bt and 
to other bacterial organisms that express recombinant 
Cry5B and demonstrate here that these IBaCC products 
are similarly toxic to GINs. The long-term goal of these 
studies is to engineer Bt to co-express anthelmintic 
crystal mutant proteins for maximal nematicidal activity. 
We assert that these are important steps toward the 
development of a Cry-based anthelmintic therapy for 
the practical clearance of gastrointestinal parasites. 

Characterization of a Bacillus thuringiensis 
strain expressing a Vip protein highly toxic 

to Spodoptera frugiperda (lepidoptera: 
Noctuidae)

María Fernanda Vázquez-Ramírez1, Jorge E. Ibarra2, 
Ma. Cristina Del Rincón-Castro1*
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The LBIT-418 strain of Bacillus thuringiensis, originally 
isolated from a healthy mosquito larva, was identified 
as a strain within the kenyae subspecies by sequencing 
of the hag gene and by the multilocus sequence typing 
(MLST) technique. Its inability to produce β-exotoxin 
was demonstrated by bioassays against the nematode 
Caenorhabditis elegans and by HPLC analysis. This 
strain contains the cry1Ac2, cry1Ea3, cry2Aa1, and 
cry2Ab4 genes as well as the vip3Aa gene. The later 
gene was successfully cloned in the heterologous 
expression vector pCold I DNA and its sequence 
revealed a 2,370 bp sequence which corresponds 

to 789 amino acids and an 88.5 kDa protein (Acc # 
OL899344). Both sequences share 99.62 and 99.75% 
identity with the already registered vipAa65 gene and 
the VipAa65 protein, respectively. The protein was 
expressed in E. coli by IPTG induction and purified 
throughout a Ni column. The purified VipAa65 protein 
was used to perform quantitative bioassays against 
Spodoptera frugiperda 4th instar larvae, using the 
microdroplet ingestion technique. Probit analysis of 
mortality showed an estimated mean LD50 of 21.38 ng 
per larva. The potential use as a biocontrol agent of 
LBIT-418 is discussed, as its spore-crystal complex 
is also highly toxic to this important pest, which has 
recently migrated from the American continent to Africa, 
Asia, and Oceania.

Novel Bacillus thuringiensis strains against 
major insect pests in Israel

Lily Mondaca 1, Dana Ment 2, Chandrasekehar 
Kottakota 2, Galit Yehezkel 3, Zvi Mendel 2, Yaron Sitrit 3, 
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Bacillus thuringiensis (Bt) strains produce a variety of 
Cry delta-endotoxins share toxicity against quite a few 
dipteran, lepidopteran and coleopteran species. Bt is 
considered an useful and safe control agent. however, 
routine application of Bt in pest management could 
evolve a resistance to the Cry toxins. The objective of 
this study was to explore new strains of Bt that may 
expand the range of Cry toxins to cope with the insect 
pest populations that are initially less susceptible to Bt 
commercial products or has developed resistance. A total 
of 461 Bt field strains were screened against seven key 
target pests in agriculture and forestry five lepidopteran 
species: Thaumatotibia leucotreta, Apomyelois 
ceratoniae, Spodoptera littoralis, Thaumetopoea 
wilkinsons, Thaumetopoea solitaria, a coleopteran 
Alphitobius diaperinus and the western flower thrips 
Frankliniella occidentalis. The latter species served as a 
model to examine the impact on sucking insects, which 
are typically insensitive to BT. Our findings revealed nine 
isolates with a higher mortality activity as compared with 
commercial BT formulations. Ten isolates tested against 
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F. occidentalis exhibited 50% mortality, though in high 
concentrations. The two most promising isolated, K98 
and K100, displaying highest lethal effect and wide 
target range were sequenced. Nine genes encoding 
new proteins have been identified. K100 defined as new 
species Bacillus margalitus and it is currently tested as 
an original product on a commercial scale.

Expression of the Bacillus thuringiensis 
vip3A insecticidal toxin gene is activated  
at the onset of stationary phase by VipR, 

an autoregulated transcription factor

Emilie Verplaetse*, Haibo Chen*, Leyla Slamti,  
Didier Lereclus

Micalis Institute, INRA, AgroParisTech, Université Paris-
Saclay, 78350 Jouy-en-Josas, France
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Address for correspondence: emilie.verplaetse@inrae.fr

The Vegetative insecticidal protein Vip3A is a toxin 
produced by some Bacillus thuringiensis (Bt) strains from 
the mid-log phase growth stage to sporulation. Although 
the Vip3A toxin is important for the entomopathogenicity 
of Bt, the precise expression kinetics and the regulation 
of the vip3A gene expression are still unknown. Here, 
we identified the VipR, the transcriptional regulator that 
controls the activation of vip3A expression. vipR is located 
on the Bt kurstaki HD1 pBMB299 plasmid, the same 
plasmid that harbors vip3A. Using the Bt kurstaki HD73- 
Cry- which is unable to express vip3A unlike the kurstaki 
HD1 strain which naturally harbors vip3A, and promoter-
lacZ transcription fusions, we confirmed that VipR is 
essential for the expression of vip3A. We demonstrated 
that vipR transcription is positively autoregulated and 
that VipR activates the expression of vip3A at the onset 
of stationary phase. We have determined the promoters 
of vipR and vip3A, and identified a putative VipR target 
site located a few bp upstream from a Sigma A-specific 
- 10 region in the promoter of the vip3A and vipR genes. 
Moreover, we showed that vip3A and vipR expression 
is drastically increased in a ∆spo0A mutant unable to 
initiate sporulation. In conclusion, our results show that 
vip3A expression depends on a specific regulator active 
during early stationary phase independently of the 
sporulation process.

A high resolution and efficient composition 
vector method for differentiating Bacillus 
thuringiensis and other Bacillus species

Kui Wang1,2, Changlong Shu1, Alejandra Bravo3, Mario 
Soberón3, Neil Crickmore4*, Jie Zhang1*
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China; 2School of Plant Protection, Anhui Agricultural 
University, Hefei, China; 3Departamento de 

Microbiología Molecular, Instituto de Biotecnología, 
Universidad Nacional Autónoma de México, 

Cuernavaca, Mexico; 4School of Life Sciences, 
University of Sussex, Brighton, UK
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The Bacillus cereus group comprises numerous closely 
related species, including biopesticide B. thuringiensis, 
bioterrorist B. anthracis and food-borne pathogen 
B. cereus. Standard microbiological tests cannot easily 
distinguish between B. thuringiensis and closely related 
human pathogens such as B. cereus. This has resulted 
in various unconfirmed reports of B. thuringiensis being 
responsible for human infections. The goal of this study 
was to develop an automated method for differentiating 
those closely related B. cereus group members. In this 
work, we initially compared four typing methods: multi-
locus sequence typing (MLST), single-copy core genes 
phylogenetic analysis (SCCGPA), dispensable genes 
content pattern analysis (DGCPA) and composition 
vector tree (CVTree) to analyze the genomic variability 
of 23 B. thuringiensis strains from aizawai, kurstaki, 
israelensis, thuringiensis and morrisoni serovars. We 
found that CVTree method was the best option to be 
used for typing B. thuringiensis strains since it proved 
to be the fastest method, whilst giving high resolution 
between strains. In addition, CVTree agrees well with 
ANI-based method, revealing the relationship between 
B. thuringiensis and other B. cereus group members. 
Based on these data we built an interactive database 
of Bacillus strain genomes called the Bacillus Typing 
Bioinformatics Database (BTBIDB, https://btbidb.com) 
to facilitate strain identification and characterization.

Non-apoptotic caspase dependent midgut 
remodeling defends Bacillus thuringiensis 

Cry9A protein in Rice stem borer

Zeyu Wang 1, Yanchao Yang 1,2, Frédéric Francis 2, Jie 
Zhang 1
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Agro-Bio Tech, University of Liège, Gembloux, Belgium
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Bacillus thuringiensis (Bt) crystal protein (Cry) causes 
the death of target insect pests by forming pores on 
the cytomembrane of midgut. However, the mechanism 
of midgut defend against Cry protein in insect pests 
is still unclear. In this study, we found that Cry9A 
induced remodeling of midgut in Rice stem borer (Chilo 
suppressalis) larvae. The remodeling was demonstrated 
as a process of apoptosis independent cell shedding 
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and midgut repair. Addition of pan-caspase inhibitor 
or knockdown of caspase inhibited midgut remodeling 
and increased the susceptibility of Rice stem borer to 
Cry9A. The results indicated that the midgut defends 
pore-forming toxin from Bt through caspase dependent 
midgut remodeling. This study will provide new ideas 
and theoretical basis for improving the virulence of Cry 
proteins to target insect pests.

Microbial Control 4
Moderator: Patricia Golo

Entomopathogenic fungi and South African 
citrus pests: past, present, and future

Candice Coombes 1, Martin Hill 1, Sean Moore 1, 2

1Centre for Biological Control, Department of Zoology 
and Entomology, Rhodes University, P.O. Box 94, 
Makhanda, 6140, South Africa; 2Citrus Research 

International, P.O. Box 5095, Walmer 6065, Gqeberha, 
South Africa

Address for correspondence: c.coombes@ru.ac.za

Investigations into the use of entomopathogenic fungi 
(EPF) as environmentally friendly alternates to chemical 
pesticides for the management of citrus pests in South 
Africa began over a decade ago. Initial research focused 
on the isolation and identification of EPF isolates from 
soil samples collected across several citrus orchards 
and surrounding refugia with the goal of targeting 
the soil-dwelling life stages of three key citrus pests, 
Ceratitis rosa, C. capitata (Diptera: Tephritidae) and 
Thaumatotibia leucotreta (Lepidoptera: Tortricidae). 
Since then, based on laboratory bioassays and semi-
field trials, select isolates were evaluated in the field 
against T. leucotreta soil dwelling life stages with up 
to 80% mortality achieved. Based on laboratory trials, 
field trials against several key arboreal citrus pests have 
also been undertaken with the same isolates, but with 
limited success. Therefore, to better understand the 
performance of these isolates in the field, several aspects 
that may have impacted their efficacy were evaluated, 
including temperature and humidity requirements 
for successful infection, UV tolerance and pesticide 
tolerance. More recent research has focused on the 
interaction of a single isolate with entomopathogenic 
nematodes against T. leucotreta, with interactions 
between this isolate and other microbes planned. 
Formulation remains a key area of research. 

The inhibition of dopamine’s cell receptor 
reduces hemocytes’ phagocytosis and 

survival of R. microplus ticks inoculated 
with Metarhizium anisopliae

Victória Bório, Thais Corrêa, Laura Meireles,  
Jéssica Fiorotti, Amanda Corval, Mariana Camargo, 

Vânia Bittencourt, Patricia Golo
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Dopamine (DA) is a biogenic monoamine that modulates 
tick hemocytes. Here, we analyzed the impact of a 
DA receptor antagonist (SCH23390) on the survival 
of R. microplus females inoculated with Metarhizium 
anisopliae and the phagocytic index of tick hemocytes 
exposed or not to the antagonist. Tick survival was 
analyzed for 10 days in the following groups: untreated 
ticks (CTR) and ticks inoculated with phosphate buffer 
(PBS), SCH23390 at 1µM (SCH A), 1ɳM (SCH B), 
M. anisopliae conidia (MA), SCH A + MA, and SCH B 
+ MA. CTR, PBS, SCH A, and SCH B exhibited 100% 
survival. MA, SCH A + MA, or SCH B + MA average 
survivals were lower than the control groups (P<0.0001). 
Interestingly, the mean survival time of MA (9 days) was 
lower than SCH A + MA (4 days; P<0.0001) but similar to 
SCH B + MA (5 days; P = 0.2). Accordingly, the presence of 
the antagonist alone had no toxic effect on R. microplus, 
and the presence of the antagonist in females increased 
M. anisopliae virulence. The phagocytic index was 
determined two hours after incubation. The phagocytic 
index of Metarhizium-treated cells was 57% in contrast 
to 23% (SCH A plus Metarhizium) (P<0.0001) and 
26% (SCH B plus Metarhizium) (P<0.0001) in the cells 
that were previously exposed to the antagonist and 
treated with Metarhizium. This result corroborates 
the hypothesis that DA is involved in the tick defense 
process changing the hemocytes’ phagocytic capacity 
and the tick capacity to fight the fungus infection.

hitchhiking entomopathogenic fungi 
via lectin binding to entomopathogenic 

nematodes

Hansen III, Wray Carl (Israel Ben Avraham)

Agricultural Research Organization - The Volcani 
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LeZion 7505101, Israel
Address for correspondence:  

yisrael.benavraham@mail.huji.ac.il  
(Israel Ben Avraham is the author’s nom de guerre)

With the world’s population increasing, food security is 
going to be a major concern throughout the 21st century. 
One way is to address crop losses incurred by pests. 
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Microbiological controls are increasing in usage to fight 
agricultural pests as they are safer for the environment 
than conventional chemical pest controls. Two such 
microbiological controls are entomopathogenic fungi 
(EPF) and entomopathogenic nematodes (EPN). There 
are numerous studies examining their efficacies both 
individually and in combination. What remains to be seen 
and is the subject of the study herein is if Metarhizium 
brunneum can be attached to Steinernema carpocapsae 
via various lectins like wheat germ agglutinin (WGA) and 
concanavalin A (ConA) by attaching to carbohydrates 
on the surfaces of the EPF and EPN. The complex 
was observed under confocal microscopy and used 
in a bioassay assessing their virulence against Galleria 
mellonella placed in bait traps. The study herein 
demonstrated successful formation of an EPF and EPN 
complex via confocal microscopy, albeit at low level of 
success (~5%). Furthermore, the nematode complex 
treatment in some of the trials were able to move 
conidia to G. mellonella larvae in bait traps separated 
from where the nematodes were applied. However, 
synergism and additive effects remain to be seen. 
In fact, a combined EPF and EPN (applied together but 
not as a complex) bioassay suggested that combining 
these two treatments have an antagonizing effect early 
on. Movement of otherwise sedentary conidia via 
nematodes to host niches poses potential as a nascent 
microbial control. 

Effect of pyrethroid resistance on the 
efficacy of entomopathogenic nematodes 
for annual bluegrass weevil larvae control
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The annual bluegrass weevil (ABW), Listronotus 
maculicollis, is a serious golf course pest in North 
America. Entomopathogenic nematodes (EPNs) Steiner-
nema carpocapsae, S. feltiae and Heterorhabditis 
bacteriophora provide acceptable control (50-80%) of 
ABW larvae in golf course fairways. However, golf turf 
managers prefer to use more consistent and effective 
synthetic insecticides. But 20% of golf courses battling 
ABW have populations resistant to various synthetic 
insecticides, particularly pyrethroids. Against resistant 
populations, EPNs might find wider use. In two field 
tests against larvae of a moderately pyrethroid resistant 
(55x) population we found similar control levels by 
S. carpocapsae, S. feltiae, and H. bacteriophora as 
against a non-resistant population. In greenhouse 

studies using the same populations, control levels 
by these species were about 15% lower against the 
55x resistant population for the three EPN species. 
In additional field tests against ABW populations with 
55x-, 100x-, and 343x-pyrethroid resistance levels, 
respectively, S. carpocapsae provided 69, 75, and 51% 
control whereas S. riobrave provided 11, 32, and 57% 
control. In a greenhouse experiment, S. carpocapsae 
provided 85% and 98% control of two pyrethroid-
susceptible populations, but only 63% and 55% 
control of the 100x and 343x resistant populations, 
respectively. Thus far, our findings suggest that EPN 
efficacy may be negatively affected by high levels of 
pyrethroid-resistance in ABW, but ongoing greenhouse 
experiments and field experiments in spring 2022 will 
have to confirm this trend. Future studies will examine 
if the elevated detoxification enzyme levels in resistant 
ABWs interfere with the EPN infection process.

The interaction between a granulovirus 
and Neem oil for improved control of 

Thaumatotibia leucotreta

Tamryn Marsberg1, Sean D. Moore1,2

1Citrus Research International, P.O. Box 5095, Walmer 
6065, Gqeberha, South Africa; 2Centre for Biological 

Control, Department of Zoology and Entomology, 
Rhodes University, P.O. Box 94, Makhanda, 6140, 

South Africa.
Address for correspondence: tammy@cri.co.za

The ecdysteroid glycosyl transferase (egt) gene found 
in most baculoviruses is responsible for preventing 
larval moulting, increased feeding and viral production. 
However, it is also responsible for a slower rate of kill, 
which is not ideal for a biopesticide. A solution to this 
challenge, is to delete the egt gene. We sought to 
determine whether the simultaneous use of an insect 
growth regulator (IGR), such as an ecdysone agonist 
or a chitin synthesis inhibitor, might have a similar 
effect. These IGRs interfere with moulting, potentially 
also resulting in a faster speed of kill. The main active 
ingredient in neem oil, Azadirachtin, is known to have 
IGR properties. The aim of the study was thus to 
determine what interaction occurred between CrleGV 
and Neem oil against Thaumatotibia leucotreta. 
Baseline dose response bioassays were conducted 
with Neem oil. The LC values obtained were then used 
in bioassays to test for synergism. These bioassays 
involved combining several selected LC value of the 
Neem oil with a serial dilution of CrleGV. Results were 
analysed using the Tammes-Bakuniak graphical method 
to determine the relationship between CrleGV and 
Neem oil. Promising results were recorded with the 
combination, with the majority of treatments showing 
synergism. Time response bioassays were conducted 
with the most promising synergistic combinations. The 
CrleGV and Neem oil combinations had a faster speed 
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of kill than CrleGV alone, but not as fast as Neem oil 
alone. These treatments were then used for detached 
citrus fruit bioassays, with the most promising treatment 
being tested on citrus in the field.

Management of Entomopathogenic based 
strategy against the red palm weevil in 

Israeli date palm plantations

Dana Ment1, Itamar Glazer1, Zvi Mendel1, Yaara Livne1, 
Amnon Greenberg2, Gal Yaacobi3, Daniel Katz4, 
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Environmentally friendly management of wood borers is 
a challenge. Until lately, the control measures against 
the red palm weevil (RPW), Rhynchophorus ferrugineus 
(Olivier), a severe invasive pest of palm trees, relied solely 
on non-specific synthetic pesticides, a non-sustainable 
management presenting a compromise rather than 
positive valence. We evaluated the usefulness of 
entomopathogenic fungi (EPF) as preventative control 
measure and entomopathogenic nematodes (EPN) as 
a responsive means for RPW early colonized palm. 
Mostly, the EPF are applied against adults and the 
EPN target the penetrating larvae. The objective of the 
present study was to evaluate the strategy in which EPF 
are applied as preventative measure against the early 
life stages of the RPW – eggs and larvae. The strategy 
relies on the vertical transmission of EPF conidia by 
the female, taken from the treated tree surface to its 
progeny. Early colonization was constantly monitored 
by IoT based seismic sensors developed by Agrint® 
located on all palm trees during the whole experimental 
period. The crystalized environmentally friendly 
management was achieved by series of laboratory 
and field trials, performed under the framework of a 
national project encompassing researchers, R&D and 
pest control companies with tight collaboration the 
date palm growers. The main findings and insights will 
be elaborated with the emphasis on the vast impact 
of the new management of RPW specifically and the 
implications on the future prospective of sustainable 
management of other wood borers.

Viruses 6
Moderator: Hiroyuki Hikida

Chelonus inanitus bracovirus encodes 
lineage specific proteins and truncated 

immune IκB-like factors
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Bracoviruses and Ichnoviruses are endogenous 
viruses of parasitic wasps that produce particles 
containing virulence genes expressed in host tissues 
and necessary for parasitism success. In the case of 
bracoviruses the particles are produced by conserved 
genes of nudiviral origin integrated permanently in 
the wasp genome, whereas the virulence genes can 
strikingly differ depending on the wasp lineage. To date 
most data obtained on bracoviruses concerned species 
from the braconid subfamily of Microgastrinae. To gain 
a broader view on the diversity of virulence genes we 
sequenced the genome packaged in the particles of 
Chelonus inanitus bracovirus (CiBV) produced by a 
wasp belonging to a different subfamily: the Cheloninae. 
These are egg-larval parasitoids which means that they 
oviposit into the host egg and the wasp larvae then 
develop within the larval stages of the host. We found 
that most of CiBV virulence genes belong to families 
that are specific to Cheloninae. As other bracoviruses 
and ichnoviruses however, CiBV contain v-ank genes 
encoding truncated versions of the immune Cactus/IκB 
factor, which suggests these proteins might play a key 
role in host-parasite interactions involving domesticated 
endogenous viruses. We found that the structures 
of CiBV V-ANKs are different from those previously 
reported. Phylogenetic analysis supports the hypothesis 
that they may originate from a Cactus/IκB immune gene 
from the wasp genome acquired by the bracovirus. 
However, their evolutionary history is different from 
that shared by other V-ANKs, whose common origin 
probably reflect horizontal gene transfer events of virus 
sequences between braconid and ichneumonid wasps.
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Structure Characterization of PIF5 
Reveals Essential Role of Intramolecular 

Interactions for Baculoviral Oral Infectivity
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Baculoviruses initiate oral infection in the highly alkaline 
midgut of insects via a group of envelope proteins 
called per os infectivity factors (PIFs). To date, no high 
resolution structural information has been available for 
any PIFs. Here, we present the crystal structure of the 
PIF5 ectodomain (PIF5e) from Autographa californica 
multiple nucleopolyhedrovirus (AcMNPV) at 2.2-Å 
resolution. An open cavity is formed between the 
N-terminal E1 domain and the C-terminal E2 domain, 
and a cysteine rich region with three pairs of disulfide 
bonds is located in E2 domain. Multiple conserved 
intramolecular interactions within PIF5 are essential 
for maintaining its tertiary structure. Two conserved 
arginines (Arg8 and Arg74) play critical roles in E1–E2 
interactions, and mutagenesis analysis supported their 
crucial roles in oral infection. Importantly, reduction of 
oral infectivity of the Arg8, Arg74, or cysteine mutant 
viruses is related to proteolytic cleavage of PIF5 by the 
endogenous protease embedded in occlusion bodies 
during alkaline treatment, suggesting that the structural 
stability of PIF5 under physiological conditions in insect 
midgut is critical for baculoviral oral infectivity.

Autographa californica 
nucleopolyhedrovirus (AcMNPV) VP80 

facilitates the nuclear location of AcMNPV 
ME53

Emine Özşahin 1, Éva Nagy 2, Daniel Doucet 3,  
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ME53 and VP80 are highly conserved lepidopteran 
baculovirus proteins. Late in infection, AcMNPV 
ME53 forms foci at the cell membrane with GP64, the 
major viral envelope protein in a GP64- and infection-
dependent manner. Although ME53 translocates to the 
nucleus around 18 hpi, it lacks a nuclear localization 

sequence (NLS) but it, bears conserved nuclear 
translocation sequences (NTS). Interestingly, VP80, 
which also colocalizes to the nucleus with ME53, has 
two NLSs. Moreover, reciprocal Y2H studies in which 
expression of intact ME53 and VP80 enabled strong 
yeast growth, suggested a protein-protein interaction 
between them. ME53 lacking its NTS failed to interact 
with VP80, suggesting that NTS facilitates the interaction. 
Furthermore, ME53 failed to localize to the nucleus in the 
absence of VP80, and ME53 lacking its NTSs also does 
not localize to the nucleus. These observations suggest 
that VP80 facilitates ME53 nuclear translocation. 
Electron microscopy showed that ME53 is not essential 
for BV, ODV and polyhedra production, though it is 
required for virus release. Since ME53 also has zinc 
finger motifs, often related to transcriptional regulation, 
we compared transcription of viral genes in AcMNPV 
or ME53 knockout virus-infected cells. Transcription of 
five viral genes decreased for the ME53-knockout virus. 
Overall, our results suggest that an interaction between 
ME53 (through the NTS) and VP80 is necessary for initial 
nuclear translocation of ME53 and for later efficient 
generation of GP64/ME53 foci and budding by bridging 
the nucleocapsid and the cell membrane. ME53 might 
also be involved in transcriptional regulation of viral 
genes.

HzNVorf128-like is a gene of essential 
function in Microplitis demolitor Bracovirus 

(MdBV) replication

Ange Lorenzi, Gaelen R Burke, Michael R Strand
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Bracoviruses (BVs) are endogenized nudiviruses in 
parasitoid wasps of the microgastroid complex (family 
Braconidae). BVs have been coopted by wasps to 
produce replication-defective virions in ovary calyx 
cells. Female wasps then use these virions to transfer 
virulence genes into host insects that have functions 
in parasitism and the successful development of wasp 
offspring. Currently, a major challenge in studying BVs 
is to identify and characterize the inventory of genes 
that are required to produce virions. Some BV genes are 
homologs of genes that are shared between nudviruses 
and related baculoviruses, which provide inferences 
about functions. Characterization of BV morphogenesis 
combined with RNA interference methods have also 
provided experimental evidence supporting functional 
predictions for several of these shared genes. In 
contrast, many other BV genes expressed in calyx 
cells are unknown from baculoviruses and have no 
predicted functions. Microplitis demolitor bracovirus 
(MdBV) is associated with the braconid wasp Microplitis 
demolitor. In this study, we characterized HzNVorf128-
like, which is an MdBV gene of unknown function for 
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which homologs are known in other BVs and certain 
nudiviruses. Expression studies classified HzNVorf128-
like as an early MdBV gene that is expressed in stage 
1 M. demolitor pupae. Functional experiments indicated 
that HzNVorf128-like is essential for both virion 
morphogenesis and amplification of MdBV genome 
components.

Proteomic analysis of the baculovirus 
SfNPV-Ar in hemocytes of the fall 
armyworm Spodoptera frugiperda 

(lepidoptera: Noctuidae)
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Baculoviruses are members of the Baculoviridae family 
with a DNA genome of 80-180 kbp and are pathogenic 
to arthropods, mainly insects. The infection process 
developed by baculoviruses is complex and efficient, it 
implies the appropriation of the cellular machinery of the 
host by the virus, as well as the interaction of viral proteins 
with cellular proteins. The objective of this work was to 
obtain and analyze the protein profile of hemocytes from 
larvae of the fall armyworm, Spodoptera frugiperda, 
infected with the baculovirus SfNPV-Ar at 24, 48 and 
72 hours post infection (hpi), as well as hemocytes 
without infection at these same times using the SDS-
PAGE and 2D-PAGE electrophoresis technique. Second 
instar S. frugiperda larvae and 1.7x107 OBs/larvae from 
SfNPV-Ar were used. Soluble proteins were obtained, 
quantified, and prepared for SDS-PAGE and 2D-PAGE 
analysis. The results showed differences in the banding 
pattern of the SDS-PAGE protein profile of S. frugiperda 
hemocytes infected with SfNPV-Ar compared to 
hemocytes without infection. Regarding the 2D-PAGE 
analysis, 5, 14 and 31 spots were detected at 24, 48 and 
72 hpi, respectively, present only in hemocytes infected 
with SfNPV-Ar. Likewise, an apparent decrease in protein 
expression was observed as the infection progressed. 
Among the proteins that were identified were proteins 
with cytoprotective functions involved in the humoral 
immune cell response of insects, proteins involved in 
protein synthesis, cell cycle control and apoptosis. With 
the results, it is expected to elucidate the mechanism of 
infection carried out by the SfNPV-Ar baculovirus.

Ac81 is a Disulfide Isomerase Involved 
in Baculoviral Disulfide Bond Formation 

Pathway

Huanyu Zhang, Wenhua Kuang, Congcong Fu, Jiang Li, 
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The correct formation of native disulfide bonds is 
critical for the proper structure and function of many 
proteins. Disulfide bond formation pathways in 
prokaryotes and eukaryotes commonly comprise two 
parts: the oxidation mediated by sulfhydryl oxidase 
and the isomerization mediated by disulfide isomerase. 
Some DNA viruses encode sulfhydryl oxidase such as 
baculoviral P33, but viral disulfide isomerase has not 
been revealed. Ac81 is a core gene shared by nuclear 
arthropod-specific large DNA viruses (NALDVs) and it is 
essential for baculoviral budded virus (BV) production. 
In this study, bioinformatics and structure prediction 
showed AC81 contains conserved structural features 
of disulfide isomerases. To analyze the role of Ac81, a 
serial of mutant bacmids were generated. Transfection 
and infection assays revealed that certain key amino 
acids of AC81 are essential for BV production, multi-
nucleocapsid ODV formation, and OB morphogenesis. 
Non-reducing western blot analysis indicated that 
disulfide formation of PIF5 in ac81-knockout or 
inactivated-mutant samples was abnormal, suggesting 
that AC81 functions as a disulfide isomerase. In vivo pull-
down experiment and co-localization analyses revealed 
that AC81 and P33 interacted with each other during 
virus infection. Taken together, our results showed AC81 
is a disulfide isomerase in baculovirus disulfide bond 
formation pathway, and may exert multiple functions 
during baculovirus infection. To our knowledge, this 
is the first reported viral disulfide isomerase, and the 
conservation of P33 and AC81 in NALDVs suggests 
the disulfide bond formation is an ancient mechanism 
shared by these viruses. 
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14h00 – 16h00 MICROSPORIDIA DIVISION 
SyMPOSIUM

Microsporidia diversity & interaction with hosts 
(Chairs: Yuri Tokarev & Jie Chen)

Microsporidia: a new taxonomic, 
evolutionary, and ecological synthesis
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Microsporidian diversity is vast. There is renewed 
drive to understand how microsporidian pathological, 
genomic, and ecological traits relate to their phylogeny. 
We comprehensively sample and phylogenetically 
analyse 124 microsporidian genera for which sequence 
data are available. Comparing these results with existing 
phylogenomic analyses, we suggest an updated 
taxonomic framework to replace the inconsistent clade 
numbering system, using taxonomic terms: Glugeida 
(5/3), Nosematida (4a), Enterocytozoonida (4b), 
Amblyosporida (3/5), Neopereziida (1), and Ovavesiculida 
(2). Cellular, parasitological, and ecological traits for 
281 well-defined species are compared to identify 
clade-specific patterns across microsporidian biology. 
We suggest that future taxonomic circumscriptions of 
Microsporidia should involve additional markers (SSU/
ITS/LSU), and that a comprehensive suite of phenotypic 
and ecological traits help to predict broad microsporidian 
functional and lineage diversity.

Overview on Aquatic Microsporidia  
in China
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Although aquatic microsporidia represent above half 
of reported microsporidians from various habitats 
worldwide, their diversity is still severely underestimated, 
especially in some countries, like China. Here, we give 
a brief summary of aquatic microsporidia, including 
zooplankton-infecting, oligochaetes-infecting, fish-
infecting and economic crustaceans-infecting species 
in China. Many of these species have been recently 
characterized by an integrative taxonomic approach of 
combing morphological, ultrastructural, and molecular 
features. Their possible transmission ways and the 
suggested strategies for their caused microsporidiosis 
in aquaculture were also provided. Microsporidia 
reported in China contribute some to the diversity of 
this group of enigmatic micro-eukaryotic parasites and 
the basis for investigating their potential ecological roles 
and assessing the possible disease risk for aquaculture 
and public health.

Pathogen-mediated natural and 
manipulated population collapse in an 

invasive social insect
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Boom-bust population dynamics are a recurrent, 
widespread, and typically unexplained property of 
many species invasions. Declines also occur in invasive 
social insects from unknown causes. Nevertheless, 
social insects have proved intractable to biological 
control. Tawny crazy ants, an environmentally damaging 
invasive pest in several countries globally, are spreading 
in North America. Examining 15 local populations 
spanning eight years, we document both the collapse 
of local populations of this ant in North America and 
a strong association of collapse with infection by the 
microsporidian pathogen, Myrmecomorba nylanderiae. 
Over the observation period, all longitudinally sampled 
local populations that harbored the pathogen declined 
with 62% of these populations disappearing entirely. 
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We test the causality of this relationship by introducing 
this pathogen into two local populations. At both sites, 
within seven months the pathogen was nearly universally 
prevalent, and within two years, tawny crazy ants 
were eliminated. In contrast, uninfected populations 
showed no tendency to decline over a similar period. 
Concurrent laboratory studies indicate that colonies 
died out because infected workers do not survive long 
enough to bridge the gap created by normal, winter 
cessation of immature ant production. Population-level 
collapse occurred because the pathogen spread faster 
than colonies declined eliminating density dependent 
regulation seen with many pathogens. Invasive species 
beset by such pathogens may collapse if factors favoring 
transmission like genetic homogeneity, high population 
density, or socially-facilitated intragroup transmission 
allow virulent pathogens to spread widely before 
disease impacts occur. These invasive species may be 
susceptible to boom – bust dynamics and pathogen-
driven local extinction.

The pan-transcriptome of coding and non-
coding RNAs and pathogen-host cross-talk 
in Nosema bombycis congenital infection 

in silkworm embryos and larvae
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Congenital infection caused by vertical transmission 
of Nosema bombycis can result in severe economic 
losses in the silkworm-feeding industry. The interaction 
networks between coding and non-coding RNAs 
including lncRNA, circRNA, and miRNA are powerful 
enough to elucidate molecular processes of biological 
activities. To understand the interaction of N. bombycis 
and its host from molecular and genetic perspectives, 
we in this study conducted whole-transcriptome RNA-
Seq analyses to identify the pan-transcriptome and 
cross-talk of coding and no-coding RNAs for both 
N. bombycis and silkworm embryos and larvae during 
microsporidian congenital infection. A total of 4,171 
mRNAs, 403 lncRNA, 62 circRNAs, and 284 miRNAs 
encoded by N. bombycis were identified during the 
N. bombycis congenital infection in silkworm embryos 

and larvae, among which some differentially expressed 
genes formed cross-talk and are involved in N. bombycis 
proliferation and infection. Additionally, we constructed 
N. bombycis lncRNA/circRNA ceRNA networks that 
included 18 lncRNAs, 1 circRNA, 20 miRNAs and 14 
mRNAs, such as ptp3, ricin-B-lectin, swp4, hsp90, etc. 
Regarding silkworm host upon N. bombycis congenital 
infection, a total of 14,889 mRNAs, 3,038 lncRNAs, 
19,039 circRNAs, and 3,413 miRNAs were predicted 
based on silkworm genome with many differentially 
expressed coding and non-coding genes during distinct 
developmental stages. Functional analysis showed 
that different species of RNAs form interacting network 
to modulate silkworm biological processes, such 
as growth, metamorphosis and immune responses. 
Based on 8 differentially expressed immune-related 
genes, such as Toll6, serpin6, iNOS and caspase-8, 
we constructed silkworm lncRNA/circRNA ceRNA 
networks that included 140 lncRNAs, 5 circRNAs and 
7 miRNAs, which were predicted to play an important 
role in host immune responses. Notably, interkindom 
analyses indicate that 125 parasite miRNA and 1376 
host miRNA genes were predicted to targeted 6951 host 
and 595 parasite genes, respectively. In conclusion, 
this is the first comprehensive pan-transcriptome 
study inclusive of both N. bombycis and its silkworm 
host with a specific focus on microsporidia congenital 
infection, and provides a new insight into understanding 
the basic biology of Microsporidian and pathogen-host 
interaction.

The structure, composition and formation 
of polar tube from microsporidium  

Nosema bombycis

Long Mengxian1,2, Lv Qing1,2, Chen Yuqing1,2,  
Zhou Bingqian1,2, Liao Hongjie1,2, Pan Guoqing1,2,  

Zhou Zeyang1,2,3

1The State Key Laboratory of Silkworm Genome 
Biology, Southwest University, Chongqing 400715, 
China;2Chongqing Key Laboratory of Microsporidia 

Infection and Control, Southwest University, Chongqing 
400715, China;3College of Life Sciences, Chongqing 

Normal University, Chongqing 400047, China
Address for correspondence: longmx@swu.edu.cn

Microsporidia are opportunistic pathogens with a wide 
range of hosts, including invertebrates, vertebrates 
and even humans. Microsporidia possess a highly 
specialized invasion structure, the polar tube. When 
spores encounter an appropriate environmental 
stimulation, the polar tube rapidly everts out of the 
spore, forming a 50-500 μm hollow tube that serves 
as a conduit for sporoplasm passage into host cells. 
There were many discharged polar tube spores in the 
tissues such as midgut, fat body, blood, silk gland 
and ovarioles of Nosema bombycis-infected silkworm, 
which suggested that the extrusion polar tube was a 
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major mode of microsporidian infection. Comparing 
the structure and protein composition of polar tube 
and polar filament, more membrane structure and 
membrane proteins existed in the polar tube, implying 
that except the nucleus, many membranes in the mature 
spore were transported to host through the hollow polar 
tube during invasion process. Moreover, it was found 
that these membrane materials were polaroplast which 
would form the plasma membrane of sporoplasms. The 
transcription factor NbSte12 was identified to regulate 
the expression of polar tube protein genes, which laid 
the foundation for studying the function of NbSte12 in 
polar tube formation. The study of polar tube is helpful 
to clarify the infection mechanism of microsporidia and 
provide reference for microsporidian control.

The Siberian moth Dendrolimus superans 
as a host for microsporidia

Yuri S. Tokarev1, Arina S. Rumiantseva1, Aleksandr 
A. Ageev2, Anastasia N. Ignatieva1, D.S. Kireeva1, 

Vyacheslav V. Martemyanov3

1All-Russian Institute of Plant Protection, Podbelskogo 
3, Pushkin, St. Petersburg, 196608, Russia; 2Center of 
the Forest Pyrology, All-Russian Research Institute for 
Silviculture and Mechanization of Forestry, Krupskoy 

42, Krasnoyarsk, 660062, Russia ; 3Institute of 
Systematics and Ecology of Animals SB RAS, Frunze 

11, Novosibirsk, 630091, Russia 
Address for correspondence: ytokarev@vizr.spb.ru

Microsporidia are ubiquitous parasites of animals and 
lepidopteran insects are among the most frequently 
infected hosts, with important outcomes concerning 
agricultural and forest pest population dynamics 
regulation. The Siberian moth Dendrolimus superans 
is a notorious forest defoliator causing severe damage 
to coniferous forests across its range in Eurasia. 
Meanwhile, no reports could be found in public 
databases concerning microsporidian infections of this 
host. To fill in this knowledge gap, we have screened a 
series of D. superans specimens from Eastern Siberia 
and revised the Microsporidia collection of Prof. Irma 
V. Issi. No microsporidia infection cases were detected 
among 30 specimens from Irkutsk and 40 specimens 
from Krasnoyarsk sampled in 2019-2020. As for the 
archived samples, one infected specimen of D. superans 
larva from Urals sampled in 1972 (no prevalence rate 
data recorded). The pathogen possessed oval spores 
sized 4.5×2.8 µm and SSU rRNA sequence with 99.5% 
identity to Nosema bombycis. In experimental infection 
assays, D. superans larvae turned out to be susceptible 
to Tubulinosema loxostegi, Nosema pyrausta, and 
N. bombycis, the latter causing the highest mortality 
levels. In a mixed infection assay, N. bombycis displayed 
remarkable synergistic effect when combined with a 
sublethal dosage of a cytoplasmic polyhedrosis viral 
strain. Supported by RSF, grant # 20-66-46009.

16h00 – 16h30 Break

16h30 – 17h30 SIP Business Meeting
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