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Social	Immunity	in	Ants 
 
Invited	Speaker:	Sylvia	Cremer	
Institute	of	Science	and	Technology,Austria 
	
 
Social	 insects	 fight	 disease	 together	 as	 a	 collective	 and	 perform	 sophisticated	 health	
care	towards	pathogen-exposed	group	members.	These	collective	defences	complement	
the	individual	immunity	of	colony	members	by	providing	additional	"social	immunity".	
We	 use	 ants	 to	 study	all	 aspects	 of	collective	 immune	 defenses:	 (1)	 joint	 or	
mutual	expression	 of	 sanitary	 care	 behaviors,	 (2)	disinfection	 by	 antimicrobial	
compounds,	such	as	e.g.	formic	acid-rich	poison,	and	(3)	the	social	interaction	network	
of	colony	members,	which	forms	the	basis	of	disease	transmission	through	the	colony.	
We	 observe	 the	 behaviours	 displayed	 by	 ants	 after	 pathogen	 exposure	 and	 assess	
whether	 they	 represent	adaptive	 changes	 that	 limit	 infection	 load	and	disease	 spread	
through	the	colony.	
	
	
	
Proteomic	analysis	of	the	response	of	drone	pupae	of	Apis	mellifera	to	the	
parasitic	mite	Varroa	destructor		
	
Kevin	Kavanagh	
Department	of	Biology,	Maynooth	University,	Ireland	
	
The	 effect	 of	 Varroa	 destructor	 parasitization	 on	 drone	 pupae	 of	 Apis	 mellifera	 was	
analysed	 using	 shotgun	 proteomics.	 Comparative	 proteomics	 showed	 an	 altered	
abundance	 of	 a	 number	 of	 proteins	 with	 a	 function	 in	 the	 immune	 response.	 For	
example	 MD-2	 was	 present	 at	 higher	 abundance	 in	 the	 parasitized	 drones	 while	
transferrin	was	 present	 at	 lower	 levels	 of	 abundance	 upon	 parasitization.	 A	 group	 of	
cuticle	 proteins,	 such	 as	 pupal	 cuticle	 protein,	 were	 present	 at	 lower	 levels	 of	
abundance	in	the	brood	that	was	parasitized	by	Varroa	possibly	indicating	an	impaired	
cuticle	 healing	 response.	 Proteins	 with	 potential	 roles	 in	 the	 clotting	 response	 of	
haemolymph	were	 also	present	 at	 altered	 abundances,	with	 two	proteins,	 FLO11	and	
fasciclin,	with	proposed	functions	in	cell	adhesion	and	flocculation	completely	absent	in	
the	parasitized	drone	pupae.	These	results	provide	evidence	of	a	possible	manipulation	
at	the	proteomic	level	by	Varroa	mites	of	the	A.	mellifera	immune	response,	which	could	
affect	the	emergence	of	a	viable	adult.	
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A	synthesis	of	honey	bee	transcriptomes	reveals	unique	and	conserved	molecular	
responses	to	diverse	pathogens	
	
Vincent	Doublet1,2,	Yvonne	Poeschl2,3,	Andreas	Gogol-Döring2,4,	Robert	J.	Paxton2,5,	
Christina	M.	Grozinger6	and	the	Trans-Bee	workshop	
1	University	of	Exeter,	College	of	Life	and	Environmental	Sciences,	Penryn	Campus,	Cornwall,	UK	
2	German	Centre	for	Integrative	Biodiversity	Research	(iDiv)	Halle-Jena-Leipzig,	Germany	
3	Institute	of	Computer	Science,	Martin-Luther-University	Halle-Wittenberg,	Halle	(Saale),	Germany	
4	Technischen	Hochschule	Mittelhessen,	Gießen,	Germany	
5	Institute	of	Biology,	Martin-Luther-University	Halle-Wittenberg,	Halle	(Saale),	Germany	
6	Department	of	Entomology,	Center	for	Pollinator	Research,	Pennsylvania	State	University,	University	Park,	USA	
	
We	developed	 a	 novel	 approach	 to	 analyse	multiple	 transcriptomes	 and	 explored	 the	
responses	of	a	model	species,	the	honey	bee,	to	its	major	pathogens,	Microsporidia	and	
viruses.	We	 found	 that	 similar	molecular	pathways	 are	 regulated	 in	 response	 to	both	
pathogen	 types,	 suggesting	 a	 commonality	 in	 the	 response	 mechanisms	 to	 diverse	
pathogens.	Using	our	new	approach,	we	found	that	apoptosis	appeared	as	an	important	
response	 following	 microsporidian	 infection,	 while	 the	 humoral	 immune	 signalling	
pathways	Toll	 and	 Imd	were	 activated	 after	 virus	 infection.	We	 generated	 a	 gene	 co-
expression	network	and	identified	highly	connected	(hub)	genes	that	may	influence	the	
expression	 pattern	 of	 a	 large	 number	 of	 other	 genes.	 Our	 synthesis	 resulted	 in	 the	
identification	 of	 new	 candidate	 genes	 involved	 in	 insect-pathogen	 interactions,	
including	putative	regulators	of	host	immune	response,	and	generated	a	comprehensive	
overview	 of	 biological	 processes	 mediating	 interactions	 with	 diverse	 pathogens.	 We	
believe	that	our	novel	approach	can	be	applied	broadly.	
	
The	biology	of	host-shifts	
	
Joanne	S.	Griffin,	Michael	Gerth	and	Gregory	D.	D.	Hurst	
Institute	of	Integrative	Biology,	University	of	Liverpool	
	
Parasites,	pathogens	and	indeed	beneficial	symbionts	can	all	shift	between	host	species.	
Understanding	 host	 compatibility	 for	 novel	 symbionts	 is	 important	 both	 in	 terms	 of	
application	 and	 understanding	 the	 distribution	 of	 parasites.	 For	 a	 host-shift	 to	 occur,	
the	 symbiont	 must	 first	 infect	 an	 individual	 and	 proliferate	 in	 its	 novel	 host	
environment	 without	 having	 excess	 pathology	 or	 eliciting	 an	 immune	 response.	
Furthermore	 the	 symbiont	 must	 have	 onward	 transmission	 potential.	 Compatibility	
(the	ability	to	spread	in	novel	host	species)	can	either	be	evolutionarily	labile	(whereby	
closely	 related	 species	 differ	 markedly	 in	 their	 capacity	 to	 support	 a	 symbiont),	 or	
evolutionarily	static	(closely	related	species	have	similar	competence).	In	this	talk,	I	will	
outline	 the	 evolution	 of	 compatibility	 for	 bacterial	 Spiroplasma	 endosymbionts	 in	 the	
melanogaster	subgroup	of	Drosophila.		In	further	work,	I	aim	to	identify	the	mechanisms	
behind	variable	compatibility	between	closely	related	host	species.	
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Pathogen	virulence	and	evolution	following	a	host	shift	
	
Ben	Longdon	
University	of	Exeter	
	
Emerging	 infectious	 diseases	 are	 often	 the	 result	 of	 a	 host	 shift,	where	 the	 pathogen	
originates	 from	a	different	host	 species.	Virulence	—	the	harm	a	pathogen	does	 to	 its	
host	—	can	be	extremely	high	following	a	host	shift	(for	example	Ebola,	HIV,	and	SARs),	
while	other	host	shifts	may	go	undetected	as	they	cause	few	symptoms	in	the	new	host.	
For	a	host	shift	to	be	successful,	pathogens	may	then	need	to	adapt	to	the	novel	host.	We	
have	examined	how	virulence	varies	across	host	species	by	carrying	out	a	 large	cross	
infection	experiment	using	48	species	of	Drosophilidae	and	an	RNA	virus.		Host	 shifts	
resulted	in	dramatic	variation	in	virulence,	with	benign	infections	in	some	species	and	
rapid	 death	 in	 others.	 To	 examine	 how	 viruses	 evolve	 in	 new	 hosts,	 we	 then	
experimentally	 evolved	 viruses	 in	 19	 of	 these	 host	 species	 to	 look	 for	 phylogenetic	
signals	of	adaption	at	the	molecular	and	phenotypic	levels.	
	
	
Does	phylogeny	predict	what	ails	you?	–	A	pollinator	community	study	
	
David	Pascall	
University	of	Exeter,	Cornwall	Campus	
	
Within	the	pollinators,	there	is	extensive	viral	diversity,	and	individual	viruses	are	often	
shared	 between	 species.	 As	viruses	with	 large	host	 ranges	 are	 at	 an	 increased	 risk	 of	
emerging	into	new	hosts,	and	pollinator	populations	are	declining	due	to	anthropogenic	
and	 environmental	 stressors,	understanding	 the	 factors	 that	 lead	 to	 viral	 sharing	 in	
this	group	 is	particularly	 important.	 Using	 data	 on	 a	 large	 number	 of	 novel	 and	
previously	known	 pollinator	 viruses,	 we	investigated	 to	 what	 degree	 the	
phylogenetic	relationships	 between	 pollinator	 species	 predicts	 the	 viral	
complements	of	those	 species,	 and	 similarly,	 how	 the	 relatedness	 between	 viruses	
predicts	their	host	 ranges.	These	 results	will	be	discussed	 in	 the	 context	of	 the	 risk	of	
disease	emergence	into	pollinator	species	already	in	decline.	
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The	evolution	of	small	RNA-mediated	immunity	across	the	arthropods	
	
Sam	Lewis	
Genetics	Department,	Cambridge	University	
	
Small	RNA	pathways	are	an	evolutionarily	ancient	set	of	mechanisms,	in	which	a	small	
RNA	 molecule	 guides	 an	 Argonaute	 protein	 to	 a	 target	 nucleic	 acid.	 In	 Drosophila	
melanogaster,	one	class	of	small	RNAs	(siRNAs)	defends	against	viruses,	while	another	
class	 (piRNAs)	 suppresses	 transposons	 in	 the	 germline.	 However,	 the	 role	 of	 small	
RNAs	 in	 immunity	 is	 relatively	 underexplored	 outside	 model	 organisms	 such	 as	
Drosophila.	 To	 test	 how	 variable	 small	 RNA-mediated	 immunity	 is	 across	 the	
arthropods,	 we	 dissected	 germline	 and	 somatic	 tissues	 from	 10	 different	 arthropod	
species,	 and	 sequenced	 the	 total	RNA	and	 small	RNA	content	of	 each	 tissue.	 For	 each	
tissue,	 we	 used	 RNA-Seq	 data	 to	 reconstruct	 the	 viral	 community,	 and	 then	mapped	
small	 RNAs	 to	 reconstructed	 viruses	 and	 annotated	 transposons.	 While	 the	 role	 of	
siRNAs	 in	antiviral	 immunity	appears	 to	be	broadly	 conserved	across	 the	arthropods,	
we	find	that	piRNAs	have	frequently	evolved	to	defend	against	transposons	in	the	soma.	
	
The	Veterinary	Invertebrate	Society	(VIS):	its	origins,	work	and	future	
	
John	E	Cooper		
DTVM,	FRCPath,	FRSB,	CBiol,	FRCVS	
		
The	VIS	was	founded	25	years	ago	by	a	group	of	British	veterinarians.		The	aim	was	to	
encourage	interest	in	invertebrate	animals	for	their	own	sake,	not	just	because	they	can	
be	pests	or	parasites,	and	to	promote	studies	on	the	health	and	welfare	of	species	that	
are	kept	in	captivity	in	zoos	and	laboratories	or	are	domesticated	(such	as	honeybees).	
Over	the	past	two	decades,	 to	an	extent	catalysed	by	the	meetings	and	publications	of	
the	 VIS,	 scientific	 papers	 have	 appeared	 on	 such	 subjects	 as	 anaesthesia,	 surgery,	
infectious	diseases	and	health	monitoring	of	arthropods,	molluscs	and	other	taxa.	
Membership	of	the	VIS	has	grown	and	now	includes	biologists,	research	scientists	and	
zoo	personnel.		The	Society	is	keen	to	strengthen	its	links	with	those	who	are	studying	
infection	and	immunity	in	insects.	
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Pathogen	susceptibility	of	Drosophila	melanogaster	is	influenced	by	
mitochondrial	DNA	genetic	variation	and	mitochondrial-nuclear	epistasis	
	
Matt	Tinsley		
University	of	Stirling	
	
Genetic	 differences	 cause	 variation	 in	 ability	 of	 individuals	 to	 survive	 infection.	
Research	 has	 previously	 focussed	 on	 nuclear	 genes	 as	 a	 source	 of	 this	 variation.	We	
investigated	 whether	 infection	 susceptibility	 is	 also	 influenced	 by	 mitochondrial	
genome	polymorphism	by	studying	Drosophila	melanogaster	mitochondrial	haplotypes	
isolated	 from	 a	 single	 wild	 population,	 introgressed	 onto	 a	 common	 nuclear	
background.	 There	was	 striking	 variation	 between	 haplotypes	 in	 susceptibility	 to	 the	
bacterial	pathogen	Serratia	marcescens,	but	not	the	fungus	Beauveria	bassiana.	We	also	
investigated	 the	 impact	 of	 mitochondrial-nuclear	 epistasis	 interactions	 by	 crossing	
haplotypes	 onto	 different	 nuclear	 genomes:	 haplotype	 susceptibility	 to	 S.	marcescens	
was	 strongly	 dependent	 on	 nuclear	 genotype.	 The	 magnitudes	 of	 the	 nuclear	 and	
mitochondrial	 effects	 on	 infection	 susceptibility	 were	 similar,	 whereas	 mitonuclear	
epistasis	 explained	more	 than	 twice	 the	 variance	 of	 each	 genome	 individually.	 These	
mtDNA	effects	may	explain	missing	heritability	in	previous	parasite	resistance	genome-
wide	association	studies.	
	
	
	
Non-linear	relationships	between	host	health	and	pathogen	load	reveal	variation	
in	disease	tolerance	to	viral	infection	
	
Vanika	Gupta,	Katy	Monteith,	Helen	Borthwick,	and	Pedro	F.	Vale	
Institute	of	Evolutionary	Biology,	University	of	Edinburgh,	Edinburgh,	UK	

A	tolerant	host	is	a	host	that	minimizes	the	decline	in	health/fitness	from	that	achieved	
in	 a	 relatively	 benign	 environment	 to	 that	 produced	 in	 environments	 with	 more	
stressful	levels,	such	as	varying	pathogen	loads.	For	the	comprehensive	understanding	
of	disease	tolerance,	 it	 is	essential	 to	measure	a)	health	of	the	same	genotype	under	a	
gradient	pathogen	loads	and	b)	the	health	of	different	genotypes	to	identify	variation	in	
disease	 tolerance.	 To	 understand	 this,	 we	 measured	 disease	 tolerance	 in	 a	 set	 of	
Drosophila	melanogaster	 lines	 when	 exposed	 systemically	 to	 a	 range	 of	 sub-lethal	 to	
lethal	doses	of	an	RNA	virus	(Drosophila	C	virus).	We	observed	substantial	variation	in	
this	relationship	across	genotypes,	and	for	most	of	the	genotypes,	this	relationship	was	
best	 explained	 by	 a	 non-linear	 model.	 Non-linear	 relationships	 reveal	 potentially	
different	mechanisms	of	disease	tolerance	during	the	progression	of	 infection,	and	we	
are	currently	exploring	the	role	of	different	damage	limitation	mechanisms	on	the	shape	
of	these	relationships.		
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Isolation	and	characterisation	of	a	DNA	virus	of	Drosophila	melanogaster	
	
William	Palmer	
University	of	Edinburgh	

Currently,	 there	 are	 few	 viruses	 which	 naturally	 infect	 D.	 melanogaster	 which	 are	
available	 as	 isolates	 for	 use	 in	 experimental	 studies.	 Recent	 metagenomic	 work	 has	
identified	 numerous	 viruses	 infecting	 various	 Drosophila	 species	 in	 the	 wild,	 one	 of	
which	 is	 a	 large	 DNA	 Nudivirus	 named	 Kallithea	 virus.	 Through	 serial	 passage	 and	
equilibrium	density	 gradient	 centrifugation,	we	 outline	 a	 protocol	 for	 the	 isolation	 of	
Kallithea	 virus,	 including	 its	 separation	 from	 contaminating	 viruses	 common	 in	 lab	
stocks.	 We	 then	 characterise	 factors	 affecting	 variation	 in	 resistance	 and	 the	 role	 of	
various	RNA	interference	pathway	components	in	limiting	infection.	
	

Visualisation	and	quantification	of	Bluetongue	virus	in	Culicoides	midges		
	
Alice	Muntzer1,2;	Pullinger	G1;	Shaw	A2;	Palmarini	M2;	Mertens	P1;	Boyce	M1;	Hawes	P1;	
Wilson	A1	

1The	Pirbright	Institute,Pirbright,	Woking,	Surrey	
2MRC-University	of	Glasgow	Centre	for	Virus	ResearchGlasgow	
	

Culicoides	 sp.	 midges	 (Diptera:Ceratopogonidae)	 transmit	 several	 viral	 diseases	 of	
economic	 importance	 including	Bluetongue	virus	 (BTV),	 a	double-stranded	RNA	virus	
within	the	genus	Orbivirus	(family:	Reoviridae).	Intrinsic	within-vector	‘barriers’,	which	
include	RNAi,	determine	the	capability	of	BTV	to	replicate	and	be	transmitted	to	a	host.	
Barrier	effectiveness	is	influenced	by	a	range	of	extrinsic	factors.	Here,	we	present	data	
describing	 the	 process	 of	 BTV	 dissemination	 within	 Culicoides	 in	 response	 to	 BTV	
serotype	 and	 ingested	 viral	 dose.	 To	 detect	 BTV	 within	 whole	 Culicoides,	 Culicoides	
sonorensis	were	 fed	 BTV-1	 or	 BTV-11	 and	 virus	 capsid	 and	 positive-sense	 RNA	were	
labelled.	 The	 percentage	 of	 infected	 cells	were	 determined	 in	 tissues	 of	 interest.	 BTV	
was	 undetectable	 in	 the	 salivary	 gland,	 but	 replicated	 in	 the	 compound	 eyes	 and	
epithelial	 cells.	 BTV-1,	 replicated	 in	 a	 single	 region	 of	 the	 midgut,	 whereas	 BTV-11,	
shown	 to	 infect	 a	 greater	 number	 of	 Culicoides,	 replicated	 in	 a	 larger	 portion	 of	 the	
midgut.	
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Microbe-microbe	interactions	within	mosquito	vectors	
	
Grant	Hughes		
University	of	Texas	Medical	Branch.	
	
Insect	 hosts	 provide	 microorganisms	 with	 a	 unique	 ecological	 niche	 to	 occupy	 and	
interact	within.	We	 investigate	 the	 relationship	between	members	 of	 the	microbiome	
and	the	intracellular	bacterium	Wolbachia	in	two	mosquito	species,	Anopheles	gambiae	
and	 Aedes	 albopictus.	 An.	 gambiae	 is	 usually	 uninfected	 by	 Wolbachia	 while	 Ae.	
albopictus	 is	 naturally	 infected	with	 two	Wolbachia	 strains.	 In	Anopheles	mosquitoes,	
constituents	 of	 the	 microbiome,	 particular	 the	 bacterium	 Asaia,	 inhibit	 the	 vertical	
transmission	of	Wolbachia.	Infection	of	Wolbachia	into	this	species	also	kills	mosquitoes	
after	they	feed	on	blood	indicating	maladaptation	in	this	host	shift.	Our	results	indicate	
mortality	is	due	to	Wolbachia	altering	the	symbiotic	status	of	the	microbiome	leading	to	
commensal	 microbes	 becoming	 pathogenic.	 Such	 microbes	 can	 be	 considered	
pathobionts,	whereby	their	symbiotic	association	with	the	host	is	fluid	and	dictated	by	
their	 environment.	 We	 also	 investigate	Wolbachia-microbiome	 interactions	 in	 Aedes	
albopictus	and	examine	the	role	of	host	immunity	in	these	interactions.			
 
Compartmentalisation	of	cellular	responses	in	the	common	bed	bug	
 
Sophie	Evison	
The	University	of	Sheffield	

Bed	 bugs	 continue	 to	 evade	 the	 pest	 control	 industry’s	most	 imaginative	 attempts	 to	
control	 them,	and	 their	recent	resurgence	 is	a	growing	problem	globally.	A	key	 target	
for	 control	 is	 to	 disrupt	 their	 immune	 system.	 Bed	 bugs	 are	 routinely	 exposed	 to	
pathogens	via	their	bizarre	reproductive	process	(traumatic	insemination),	but	how	the	
cellular	 arm	 of	 the	 immune	 system	 clears	 these	 pathogens	 is	 still	 poorly	 understood.	
Using	 a	 combination	 of	 flow	 cytometry	 and	 microscopic	 techniques,	 we	 show	 how	
cellular	 activity	 is	 compartmentalised	 within	 the	 bed	 bug’s	 body,	 and	 that	 cellular	
activity	 against	 different	 types	 of	 pathogens	 varies	 between	 these	 compartments.	 By	
understanding	these	ecological	aspects	of	 immunity,	we	can	understand	how	to	target	
bed	bug	control	from	within.	
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Studying	high-containment	pathogens	in	insects:	an	update	on	capabilities	at	
Pirbright	
	
Anthony	Wilson	
The	Pirbright	Institute	
		
During	the	last	twelve	months	the	Integrative	Entomology	group	has	begun	conducting	
the	first	insect	infections	with	ACDP	HG-3	agents	ever	at	the	Pirbright	site	since	it	was	
established	over	a	century	ago.	This	process	has	involved	experimentally	investigating	
common	 assumptions	 about	 appropriate	 precautions	 and	 safety	 controls	 for	 insect	
work	in	high-containment,	which	has	in	turn	informed	new	guidance	on	best	practice	in	
the	 area	 by	 the	UK’s	 Institute	 of	 Safety	 in	 Technology	 and	Research	 (to	 be	 published	
later	 this	 year).	 At	 the	 same	 time	 we	 have	 established	 new	 colonies	 of	 high-impact	
vector	 insects	 and	 have	 been	 developing	 stronger	 evidential	 support	 for	 community	
research	 requirements	 and	 new	 standards	 for	 insect-arbovirus	 infection	 studies	 in	
collaboration	with	leading	mosquito	research	groups	around	the	world.	In	this	talk	we	
will	 briefly	 review	 these	 advances	 and	 the	 studies	 they	 are	 facilitating,	 describe	 our	
future	 experimental	 plans	 and	 outline	 the	 options	 for	 interested	 UK	 and	 other	 EU	
research	groups	to	work	with	us	to	exploit	these	improved	capabilities.	
	
	
Manipulating	symbionts	of	insect	pests:	prospects	for	disease	control	and	
biocontrol	
	
Miranda	Walker	
College	of	Medicine,	Swansea	University	
		
We	have	developed	a	new	technology,	symbiont-mediated	RNA	interference,	which	may	
be	 used	 for	 insect	 pest	 control	 or	 in	 blocking	 disease	 transmission	 by	 insect	 vectors.	
Interfering	 RNA	 is	 actively	 produced	 by	 symbiotic	 or	 commensal	 insect	 bacteria	 that	
multiply	within	the	host.	In	our	models,	interfering	RNA	is	released	by	the	bacteria,	then	
absorbed	 and	 systemically	 circulated	 within	 the	 insect	 host,	 thereby	 causing	 knock-
down	of	gene	expression	in	specific	tissues	or,	potentially,	in	the	pathogen	vectored	by	
the	 insect.	 Symbiont-mediated	 RNA	 interference	has	 the	 potential	 to	 be	 used	 as	 a	
research	 tool,	 biocide,	 and	 disease	 transmission	 blocking	 agent,	 and	 comes	 with	 the	
advantage	of	high	 levels	of	 specificity.	This	presentation	will	discuss	 the	 suitability	of	
various	insect	pests,	pathogens	and	symbionts	for	applications	of	this	new	technology.		
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Fruit	flies	fight	STIs	by	consuming	alcohol	
	
Nick	Priest	
University	of	Bath	
	
The	 humble	 fruit	 fly,	 Drosophila	 melanogaster,	 has	 been	 an	 excellent	 model	 for	
identifying	mechanisms	of	immunity	against	large-dose	infections.	But,	we	have	a	poor	
understanding	 of	 how	 they	 fight	 their	 most	 prevalent	 class	 of	 infection,	 low-dose	
contact-based	fungal	transmission	during	sexual	congress.	Here,	I	present	evidence	that	
flies	fight	these	STIs	by	consuming	2PE,	a	metabolite	common	to	yeast	found	in	rotting	
fruit.	Using	a	candidate	immune	gene	knockdown	approach,	we	identified	a	gene	which	
controls	 infection	mode-specific	 consumption	of	2PE.	We	 found	 that	 the	 reproductive	
costs	 of	 expression	 of	 this	 putative	 non-immunological	 gene	 differ	 from	 that	 of	 a	
canonical	immune	gene.	The	work	shows	this	non-immunological	mechanisms	provide	
a	 rapid	 and	 low-cost	 protection	 against	 low-dose	 infections,	 while	 immunological	
mechanisms	are	responsive	(slow)	and	high-cost,	but	are	much	more	effective	against	
high	dose	infections.	
	
Does	Resource	Quality	Regulate	the	Evolutionary	Immune	Response	to	a	Viral	
Pathogen?	
	
Katherine	Roberts,	S	Meaden,	S	Paterson,	M	Boots	
College	of	Life	and	Environmental	Sciences,	University	of	Exeter,	UK	&	Institute	of	Integrative	Biology	
	
Host-parasite	 interactions	 do	 not	 occur	 in	 isolation,	 the	 environment	 in	 which	 they	
occur	can	be	important	in	determining	their	outcome.	Resource	quality	may	determine	
the	strength	and	mechanism	by	which	resistance	can	evolve,	depending	on	the	costs	the	
defence	imposes	on	the	host.		We	used	the	moth	Plodia	interpunctella	and	its	granulosis	
virus	PiGv	as	a	model	system,	 to	 investigate	 the	genetic	basis	of	 the	evolution	of	viral	
resistance.	We	performed	 long	 term	 selection	 experiments	under	 a	 range	of	 resource	
qualities,	evolving	the	host	both	with	and	without	its	viral	pathogen.	made	a	number	of	
measures	to	assess	directional	evolution,	 including	a	direct	viral	challenge,	 life	history	
trait	measures,	and	whole	genome	sequencing,	 in	order	to	determine	the	evolutionary	
change	 in	 response	 to	 selection.	 If	 resistance	 evolves	 under	 differing	 resource	
availabilities	it	may	be	possible	that	divergent	routes	of	resistance	have	arisen	through	
a	variety	of	mechanisms.			
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The	effects	of	diet	and	age	on	the	response	to	immune	challenge	in	a	carnivorous	
beetle	
	
Ekhlas	al	Shareefi	&	Sheena	Cotter	
School	of	Life	Sciences,	University	of	Lincoln	
	
Numerous	 studies	 have	 shown	 that	 immune	 responses	 can	 be	 affected	 by	 diet,	 with	
recent	studies	showing	that	the	protein	content	of	the	diet	can	play	a	key	role.	But	is	this	
also	true	of	carnivores,	for	whom	protein	is	not	expected	to	be	a	limiting	resource?	And	
does	the	age	at	which	the	diet	manipulation	occurs	affect	the	response?	We	addressed	
these	 questions	 using	 the	 carnivorous	 burying	 beetle,	Nicrophorus	 vespilloides,	which	
breeds	on	small	carrion.	Young	or	mature	beetles	were	subjected	to	10	days	of	dietary	
restriction	 to	diets	varying	 in	 their	protein	 to	 fat	 ratios	 (13,	46,	77%	protein).	During	
dietary	restriction,	beetles	were	either	handled,	 injected	with	sterile	nutrient	broth	or	
injected	with	an	overnight	culture	of	bacteria	sourced	from	the	skin	of	a	mouse	carcass.	
Blood	 samples	 were	 collected	 to	 measure	 phenoloxidase	 activity,	 then	 beetles	 were	
allowed	to	breed	on	a	fresh	mouse	and	the	social	immune	response	–	the	antibacterial	
anal	exudates	produced	by	breeding	beetles,	and	reproductive	output	was	recorded.		
Immunity	and	reproductive	output	were	consistently	higher	in	older	beetles.	In	general,	
reproductive	output	peaked	at	 intermediate	protein	 levels	 in	both	age	groups,	but	the	
size	 of	 individual	 larvae	 increased	 rapidly	 with	 protein	 levels	 in	 the	 young	 beetles.	
Immune	challenge	had	a	minor	effect	on	the	weight	of	individual	larvae,	but	a	striking	
effect	on	the	number	of	larvae	produced,	with	older	beetles	suffering	much	more	from	
bacterial	 inoculation.	 Immune	 responses	 consistently	 increased	 with	 the	 protein	
content	of	the	diet,	but	showed	opposing	responses	to	immune	challenge.	PO	decreased	
upon	immune	challenge	whereas	the	social	antibacterial	response	 increased,	resulting	
in	a	trade-off	between	the	two	that	was	consistent	across	age	groups	and	not	affected	by	
diet.	These	results	show	that	the	protein	content	of	the	diet	can	have	dramatic	effects	on	
both	 reproduction	 and	 immunity	 in	 a	 carnivore,	 but	 that	 different	 traits	 respond	
differently	to	diet	manipulation.	
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Symbiont-mediated	RNAi	a	novel	approach	for	evoking	systemic	RNAi	in	insects	
	
João	Pacheco	
College	of	Medicine,	Swansea	University	
	
RNA	 interference	 (RNAi)	 methods	 have	 proven	 to	 be	 very	 useful	 tools	 for	 reverse	
genetics	allowing	to	investigate	gene	function	and	importance	in	several	organisms	by	
observing	 the	consequences	and	phenotypic	changes	due	 its	 loss	of	activity.	However,	
for	insects	there	are	some	limitations	related	to	double-stranded	(ds)	RNA	delivery.	We	
at	 Swansea	 University	 intend	 to	 use	 insect	 symbiotic	 bacteria	 to	 overcome	 these	
limitations	 by	 constitutive	 dsRNA	 synthesis	 and	 trauma-free	 delivery.	 RNaseIII-
deficient,	 dsRNA-expressing	 bacteria	 are	 created	 from	 the	 symbiont	 Rhodococcus	
rhodnii	from	a	long-lived	blood-sucking	bug,	Rhodnius	prolixus,	the	vector	of	American	
trypanosomiasis.	When	ingested,	the	manipulated	bacteria	colonize	the	insect	gut,	being	
successfully	capable	of	competing	with	the	wild-type	microflora	and	mediating	systemic	
gene	knockdown	phenotype	that	is	horizontally	transmissible	through	coprophagy	in	a	
sustainable	 and	 stable	 way.	 This	 symbiont-mediated	 RNAi	 approach	 is	 a	 significant	
advance	 in	 the	 ability	 to	 evoke	 systemic	 RNAi	 in	 non-model	 insects	 and	 other	
organisms.	
	
Detection	and	destruction	of	infections	in	ant	colonies		
	
Christopher	Pull	
Institute	of	Science	and	Technology,	Austria	
	
As	 close	contact	 between	 conspecifics	 is	 a	 key	 transmission	 route	 for	many	infectious	
diseases,	 insect	 societies	 should	 be	 under	strong	selection	 to	 identify	 sick	 nest	mates	
and	respond	in	ways	that	prevents	single	infections	turning	into	an	epidemic.	Here,	we	
will	show	how	ants	having	detected	an	infected,	but	not	yet	infectious,	colony	member,	
engage	 in	a	multi-stage	behaviour	that	destroys	the	infected	individual,	along	with	the	
pathogen.	 As	 they	 do	 this	 during	the	 pathogen’s	 incubation	 period,	 the	 ants	 safely	
eradicate	 the	 pathogen	without	the	 risk	 of	 contracting	 the	 disease	 themselves	 or	
it	spreading	 to	 others	 in	 the	 colony.	 Thus,	 by	 breaking	 the	 chain	 of	
disease	transmission,	the	ants	can	substantially	reduce	the	risk	of	an	epidemic	and	the	
impact	infections	have	on	colony	fitness.		
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The	identification	of	viral	pathogens	suitable	for	the	control	of	Drosophila	suzukii.	
	
Nathan	Medd1,	Jerry	Cross2,	Simon	Fellous3,	Darren	Obbard1	
1University	of	Edinburgh,	Ashworth	Laboratories	
2East	Malling	Research	
3Centre	for	Population	Biology	and	Management	(CBGP),	INRA	-French	Institute	for	Agronomic	Research,	Montpellier,	
France	

	
Conventional	 control	 of	 Drosophila	 suzukii	 is	 challenging	 and	 the	 development	 of	 an	
effective	 IPM	 compatible	 solution	 is	 highly	 desirable.	 This	 project	 aims	 to	 identify,	
isolate,	 and	 characterise	 viruses	 suitable	 for	 control	 of	D.	 suzukii.	 Viruses	 potentially	
represent	 an	 environmentally	 benign	 control	 agent	with	high	host	 specificity,	making	
them	eminently	 suitable	 for	 inclusion	 into	existing	 IPM	programs.	D.	suzukii	 is	 closely	
related	 to	 the	 laboratory	model	D.	melanogaster	 and	 this	work	will	 capitalise	 on	 our	
knowledge	of	melanogaster	genetics,	immunity,	and	parasitology.	
This	project	uses	a	metagenomic	approach	 to	 characterise	viral	diversity	 in	D.	suzukii	
and	to	identify	potential	viral	control	agents.	Wild-caught	D.	suzukii	that	test	positive	by	
PCR	 for	 viral	 sequences	 are	macerated	 and	 serially	 passaged	 through	D.	 suzukii,	 and	
mortality	recorded	as	a	marker	of	potential	infection.	To	maximise	the	chances	of	viral	
detection,	extracts	are	passaged	 in	parallel	 through	 immune-deficient	D.	melanogaster	
(null	 mutants	 for	 Dcr2)	 which	 are	 hyper-susceptible	 to	 viral	 infection	 and	 maintain	
higher	viral	 loads.	When	high-mortality	extracts	are	 identified,	 larger	numbers	of	 flies	
will	be	infected	and	viral	particles	isolated	by	gradient	centrifugation.	Particles	will	then	
be	 examined	 morphologically	 via	 EM,	 and	 purified	 RNA/DNA	 will	 be	 sequenced	 to	
obtain	complete	viral	genomes.			
Several	RNA	viruses	that	infect	D.	melanogaster	have	been	identified	in	wild	D.	suzukii.	
Additionally	 some	 other	 viruses,	 possibly	 unique	 to	 D.	 suzukii,	 have	 been	 identified.	
Isolation	and	characterisation	of	viruses,	along	with	further	metagenomic	surveys,	will	
further	clarify	the	suitability	of	any	biological	control	candidates.		
	
Adaptive	evolutionary	dynamics	of	an	alternatively	spliced	gene	lacking	isolated	
but	displaying	synergistic	antimicrobial	activity	
	
Christopher	Wheat	
Department	of	Zoology,	Stockholm	University	
	
Here	we	report	an	evolutionary	analysis	of	the	gene	structure,	alternative	splicing,	and	
activity	 of	 an	 immune-inducible,	 multiple	 toxin-like	domain	 protein	 (X-Tox)	 in	
Lepidoptera.	X-Tox	has	evolved	by	domain	duplication,	with	extant	species	of	butterflies	
and	 moths	 having	 a	 highly	 variable	 number	 of	core	 domains.	Molecular	 evolutionary	
analysis	identified	 a	 signature	 of	 positive	selection	 in	 both	 the	 moth	 and	butterfly	
lineages,	which	last	shared	a	common	ancestor	>	100	million	years	ago.	X-Tox,	which	is	
expressed	 across	 a	 broad	 variety	 of	immuno-competent	 larval	tissues	 and	
pupae,	exhibits	tissue-specific	alternative	splicing	patterns	that	produce	a	wide	range	of	
mRNA	size	 variants.	 In	 addition,	 X-Tox	 was	 highly	 and	 rapidly	 induced	 by	
parasitoid	wasp	attack,	 and	 co-exposure	 of	 X-tox	 and	 cecropin	 showed	 strong	
synergistic	effects	 against	 bacteria.	These	 results	 suggest	 that	 X-Tox	 has	 lost	
the	antimicrobial	activity	of	 its	ancestral	state	while	gaining	novel	functionality	only	in	
concert	with	other	AMPs.				
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Population	genomic	analysis	of	immune	genes	within	and	among	butterfly	
populations	
	
Naomi	L.P.	Keehnen,	Jason	Hill,	Sören	Nylin,	and	Christopher	W.	Wheat	
Department	of	Zoology,	Stockholm	University	
	

Insects	 are	 one	 of	 the	 most	 diverse	 clades	 of	 life	 on	 earth.	 Located	 in	 nearly	 every	
corner	of	Earth,	they	are	exposed	to	a	wide	variety	of	pathogens.	As	populations	adapt	
to	their	local	environment	some	modifications	to	their	immune	system	are	expected	to	
occur.	 While	 the	 genes	 encoding	 for	 immune	 responses	 have	 been	 identified	 and	
studied	 in	 several	 insect	 species,	 little	 work	 has	 focused	 upon	 non-model	 species	
originating	 from	 natural	 populations.	 Furthermore,	 it	 is	 unknown	 which	 part	 of	 the	
immune	defense	modules	(recognition,	signaling,	and	the	effectors)	shows	most	genetic	
variation	 within	 and	 between	 butterfly	 species.	 Here	 we	 focus	 upon	 the	 ecological	
model	 species,	 the	 Green	 Veined	 White	 (Pieris	 napi)	 and	 Speckled	 Wood	 butterfly	
(Parage	aegeria).	 They	 are	 common	and	widespread,	with	 limited	 gene	 flow	between	
populations.	 Genomic	 scans	 of	 these	 immune	 genes	 reveal	 significant	 differences	 in	
diversity	among	the	immune	defense	modules.	Signatures	of	local	adaptation	were	also	
identified	(e.g.	amino	acid	differences	in	a	peptidoglycan	recognition	protein	of	Parage	
aegeria).	 	 These	 findings	 document	 variation	 in	 genetic	 diversity	 among	 the	 different	
parts	 of	 the	 defense	modules,	which	 could	 explain	 the	 observed	 variation	 in	 immune	
responses	within	and	between	butterfly	species.	

	

Oenocytoids	and	their	importance	for	the	melanisation	process	in	Pieris	napi		
	
Lisa	Fors	
Department	of	Zoology,	Stockholm	University	
	
Melanisation	 is	a	major	 immune	response	against	a	wide	range	of	pathogens	 in	many	
insects.	The	melanisation	pathway	involves	the	release	and	activation	of	phenoloxidase	
(PO)	 from	specialised	 cells;	 crystal	 cells	 in	Drosophila	 and	oenocytoids	 in	many	other	
species.	 In	 order	 to	 investigate	 the	 structure	 of	 the	 immune	 system	 in	 the	 butterfly	
Pieris	napi	 and	 to	 reveal	 possible	 differences	 between	 two	 allopatric	 populations,	 the	
larval	cell	composition	was	studied	with	special	focus	on	the	oenocytoids.	Indications	of	
differences	 in	 oenocytoid	 levels	 between	 the	 populations	will	 be	 further	 investigated	
and	linked	to	estimations	of	PO	and	PPO	activity	in	the	larval	hemolymph.	
	

	


