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Secondary symbionts:

Hamiltonella defensa, Regiella insecticola,
Erwinia aphidicola, Serratia symbiotica,
Pseudomonas aeruginosa,

Wolbachia pipientism Rickettsiella sp.,
Rickettsia sp., Spiroplasma sp.,
Arsenophonus sp., Photorhabdus sp.,
Xenorhabdus sp.

Primary symbiont:
Buchnera aphidicola
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PRIMARY SYMBIONTS

They provide to the host essential factors that are lacking in the
natural diet { Dale & Maran 2006, Call 126-453-365)

A cissected sharpshooter ¥ylem sap: amino acids, organic acids, and sugars; primariky

aspartate, asparagineg ghtamate, ghitamme, malate, and glucose

Homolodisca coagulota (Glassy-Winged Sharpshooter)

Sl rmunellery Bauvmanmia cicodellinicala

Bacteriome -l '

fakfF - - - = fatty acids {except fabF)

pobyisoprenoeds
pyridimes purines fpyrimidines

glycalytic products and other

::;T:r:lm general metabolic compounds
Iysime -
arginine = frethichdne from homousrne
phenylalanine . histichine
tryptophan !
threaniie land hamoweine) i
waines (ang J-ketovaline)- - - = Cok ifrom 2-ketovaline)
Bdatin filad layan

lII.- , hetme [partial) i pareg et o
memacuinone (from DN A glutathiome lalate
and polyloprenoid) T : thiamin py ridosal 5°-F

[Maran, 2007, PNAS, 104:8627-8633)




Functional Ecology

Functional Eeology 2000, 23, 38-47 doi: 10.1111/.1365-2435.2008.01442.x
NUTRITIONAL ECOLOGY
The microbial dimension in insect nutritional ecology

A. E. Douglas*
Department of Biology, University of York, York YO10 8¥YW UK

Summary

1. Many insects derive nutritional advantage from persistent associations with microorganisms
that variously synthesize essential nutrients or digest and detoxify ingested food. These persistent
relationships are symbioses.

2. There is strong experimental evidence that symbiotic microorganisms provide plant sap-feeding
insects with essential amino acids and contribute to the digestion of cellulose in some wood-feeding
insects, including lower termites. Basic nutritional information is. however, lacking for many
associations, including the relative roles of microbial and intrinsic sources of cellulose degradation
in many insects and B-vitamin provisioning by microorganisms in blood-feeding insects.

3. Some nutritional interactions between insects and their symbiotic microorganisms vary among
conspecifics and closely related species. This variation can. in principle, contribute to nutritional
explanations for variation in the abundance and distribution of insects. For example, the plant
utilization traits of phloem-feeding aphids and stinkbugs have been demonstrated to depend on the
identity of microbial partners. Evidence that associations can evolve rapidly comes from the
demonstration that the impact of the bacterium Hofbachic on natural populations of its insect host
can change from deleterious to beneficial within two decades.
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Braendle C, Miura T, Bickel R, Shingleton AW, et al. (2003) Developmental Origin and Evolution of Bacteriocytes in the Aphid—
Buchnera Symbiosis. PLoS Biol 1(1): e21.



Table 1. Genomic features of primary bacteriocyte endosymbionts of insects

Blochmannia Blochmannia Wiggleswaorthia Buchnera aphidicela  Buchnera aphidicola Buchnera Buchnera
floridanus pennsylvanicus glossinidius Aps BCc aphidicola Bp aphidicola 3g
Phylum y-Profeobactena y-Frofecbhacteria y-Proteobacieria y-Protecbacteria y-Protecbacitena y-Proteobacteria y-Profecbacteria
Host Camponofus flondanus  Camponoius pennsylvanicus  Glossina morsitans  Acyrthosighon pisum Cinara cedn Baizongia pistacea Schizaphis graminum
I Genome size (bp) 705,557 791,654 697,724 640,681 422 434 615,980 541,454 |
GC content (%) 274 29.8 22.5 262 201 253 253
Plasmids (total size in bp) 0 o] 1{5280) 2(11,434) 1 {6054) 1 (23599} 2 (11,547
Predicted protein coding seguences (number on plasmids) 583 610 617 (B) 562 (9) 357 (5) 504 (3) 550 (9)
rRNAs 3 3 5 3 3 3 3
tRMAS ar 38 34 32 <3| 32 32
Small RNA genes 2 2 2 2 2 2 2
Pseudogenes 4 4 14 13 3 ] 33
ORF average length (bp) 1006 985 990 980 994 990 983
Host nutrition Omnivorous Omnivorous Blood Phloem Phloem Phloem Phloem

Reference

Gil et al. (2003)

Degnan et al. (2005)

Akman et al. (2002)

Shigenobu et al. (2000) Perez-Brocal et al. (2008)

van Ham et al. (2003)

Tamas et al. (2002)




Horizontal transferofgenesin
bacteria
PaulH. Roy

Symbiont Genes in Host Genomes:
Fragments with a Future?

Mark Blaxter'*

Nnstitute of Evolutionary Biology, School of Bidlogical Sciences, Ashwaorth Labormtories, King's Buildings, University of Edinburgh,
West Mains Road, Edinburgh, Scotland EH2 3JT, UK.

“Correspondence: mark. blaxterfed. ac.uk
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While lateral transfer is the rule in the evolutionary history of bacterial and archaeal genes, events
of transfer from prokaryotes to eukaryotes are rare. Germline-transmitted animal symbionts, such
as Wolbachia pipientis, are well placed to participate in such transfers. In a recent issue of Science,
Dunning Hotopp et al. identified instances of transfer of Wolbachia DNA to host genomes. It is
unknown whether these transfers represent innovation in animal evolution.
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Figure 1. The Fate of Laterally Transferred Genes
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stylat {in the center) usad to panatrate call walls with the aid of laterally transfarred gene products.
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Abstract

Background: Aphids possess bacteriocytes, which are cells specifically differentiated to harbour
the obligate mutualist Buchnera aphidicola (y-Proteobacteria). Buchnera has lost many of the genes
that appear to be essential for bacterial life. From the bacterlocyte of the pea aphid Acyrthosiphon
pisum, we previously identified two clusters of expressed sequence tags that display similarity only
to bacterial genes. Southern blot analysis demonstrated that they are encoded in the aphid genome.
In this study, in order to assess the possibility of lateral gene transfer, we determined the full-length
sequences of these transcripts, and performed detalled structural and phylogenetic analyses. We
further examined their expression levels in the bacteriocyte using real-time quantitative RT-PCR.




Lateral Transfer of Genes from Fungi
Underlies Carotenoid Production
in Aphids

Mancy A. Moran* and Tyler Jarvik?

Carotenoids are colored compounds produced by plants, fungi, and microorganisms and are
required in the diet of most animals for oxidation control or light detection. Pea aphids display
a red-green color polymorphism, which influences their susceptibility to natural enemies, and the
carotenoid torulene occurs only in red individuals. Unexpectedly, we found that the aphid genome
itself encodes multiple enzymes for carotenoid biosynthesis. Phylogenetic analyses show that these
aphid genes are derived from fungal genes, which have been integrated into the genome and
duplicated. Red individuals have a 30-kilobase region, encoding a single carotenoid desaturase
that is absent from green individuals. A mutation causing an amino acid replacement in this
desaturase results in loss of torulene and of red body color. Thus, aphids are animals that make
their own carotenoids.
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Adaptive horizontal transfer of a bacterial gene to an
invasive insect pest of coffee

Ricardo Acufia®’, Beatriz E. Padilla®’, Claudia P. Flérez-Ramos®, José D. Rubio?, Juan C. Herrera®, Pablo Benavides®,
sang-Jik Lee™, Trevor H. Yeats®, Ashley N. Egan™d, Jeffrey J. Doyle®, and Jocelyn K. C. Rose™?

*plant Breeding, Biotechnology, and Entomology Departments, Cenicafé, A A, 2427 Manizales, Colombla; "Department of Plant Blology, Cormell University,
ithaca, MY 14853; “Blotechnology Institute, Nongwoo Blo Co., Ltd., Gyeonoggl 469-885, Korea; and “Department of Blology, East Carolina University,
Greenville, NC 27858

Edited by Mancy A Moran, Yale Unkversity, West Haven, CT, and approved February 1, 2012 {received for review December 21, 2011)

Horizontal gene transfer (HGT) involves the nonsexual transmis-
sion of genetic material across species boundaries. Although often
detected in prokaryotes, examples of HGT involving animals are
relatively rare, and any evolutionary advantage conferred to the
recipient is typically obscure. We identified a gene (HhIMANT) from
the coffee berry borer beetle, Hypothenemus hampei, a devastat-
ing pest of coffee, which shows cdear evidence of HGT from bac-

teria. HhMAN? encodes a mannanase, representing a class of Mt 117 ‘, i WAl
glycosyl hydrolases that has not previously been reported in i ; 5'1- = s
insects. Recombinant HhMAN1 protein hydrolyzes coffee berry b e e L

galactomannan, the major storage polysaccharide in this spedes
and the presumed food of H. hampei. HhMANT was found to be
widespread in a broad biegeographic survey of H. hampei acces-
sions, indicating that the HGT event occurred before radiation of
the insect from West Africa to Asia and South America. Howewver,
the gene was not detected in the dosely related species H. obscu-
rus (the tropical nut borer or “false berry borer”), which does not
colonize coffee beans. Thus, HGT of HhMANT from bacteria repre-
sents a likely adaptation to a specific ecological niche and may
have been promoted by intensive agricultural practices.
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Wolbachia genome (green) has been transferred into the second

chromosome of Drosophila ananassae (blue). Following this lateral gene transfer,
Drosophila ananassae transposable elements (TEs) have become inserted within

Wolbachia genes.

At least 28 Wolbachia genes are transcribed from within the D.

ananassae genome, although the functional significance of this is unknown.
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Life within insect antennae: Symbiotic bacteria protect
wasp larvae against fungal infestation

M. Kaltenpoth, {University of Wilrzburg, Germany);
E. Strohm, (University of Regensburg, Germmany )

In most known insect-bacteria symbioses, the symbionts play an
important role in the nutrition of the host. Recent studies show
that symbiotic microorganisms can also be involved in the
protection of the host against pathogen infestaton. Here we
report on a highly specialized interaction between an insect
species and bacteria for the defense of the host’s offspring
against microorganisms. FEuropean beewolves (Philanthus
triangudum, Hymenoptera, Crabronidae) cultivate symbiotic

philanthi® in the reservoirs of unique antennal glands. Females
apply these bacteria to the brood cell prior to oviposition. The
larva takes up the bacteria and applies them to the silk threads of
its cocoon. Bicassays indicate that the streptom ycetes protect the
cocoon from fungal infestation and significantly enhance the
survival probability of the larva during the long phase of
hibernation in the soil, possibly by producing antibiotics.

“Benavioral oDsery ations ad CApellnelils Suengly Ssigoest a
vertical transmission of the bacteria. All congeneric beewolf
species investigated so far (n=27) harbor closely related
ecotypes of ‘Candidaius Streptomyces philanthi® in their
antennae, indicating that the association with protective bacteria
is obligate for the genus Philanthis and might play an important
role in other insects as well. This is the first report of bactera
being cultivated in insect antennae and the first case of a
specialized symbiosis involving bacteria of the important
antibiotic—producing genus Strepiomyces.
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Hyalesthes obsoletus, the Insect Vector of Bois Noir
in Vitis vinifera
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Gut microbiome dysbiosis and honeybee health

pathogens

JOURNAL OF APPLIED ENTOMOL

1. Appl. Entomal.

REVIEW ARTICLE

Gut microbiome dysbiosis and honeybee health
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Diversity of gut microbiota increases with aging

and starvation in the desert locust

Reed J. Dillom - Gordon Webster -
Andrew J. Weightman - A, Keith Charnley

Received: | Seprember 2009 [ Accered: 16 Oceober 20097 Published online: 3 Oaoher 2009

@ Sponger ScencetBmmess Media BV, 2009

Abstract Here we report the effects of starvation
and insect age on the diversity of gut microbiota of
adult desent locusts, Schiswocerca gregaria, using
denaturing  gradient gel electrophoretic  (DGGE)
analysis of bacterial 165 rRNA genes. Seguencing
of excised DGGE bands revealed the presence of only
one potentially novel unculwred member of the
Cramumaproteabaceeria in the guts of fad, starved,
young of old locusts. Most of the 165 fRMNA gene
soquences were closely melated to known cultwred
bacterial species. DGGE profiles sugpested that
bacterial diversity increased with insect age and did
not provide evidence for a characteristic locust gut
bacterial community. Starved insects are often mone
prone to discase, probably because they compromisze
on immune defence. However, the increased diversity
of (Fammaproteobacteria in starved locusts shown
here may improve defeno: against enteric threats
because of the mle of gut hacteria in colonization
resistance,

Keywords DGGE - 165 tRNA
Acrididae - Bacteria - Gut
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Intracolony variation of bacterial gut microbiota among
castes and ages in the fungus-growing termite

Macrotermes gilvus

Y. HONGOH,M L. EKPORNPRASIT 3T. INOUE*S. MORIYA §5. TRAKULNALEAMSALZ

M. OHKUMA TN, NOPARATNARAPORNtand T. KUDO™g

*laternational Cooperative Research Projedt, Japan Science and Techrology Agency (JST-ICORP), Saitama 351-0198, Japan,
tEnvironmental Molecular Biology Laboratory, RIKEN, Saitarna 351-0198, Japan, §Department of Microbiology, Kasetsart University,
Banghok 10900, Thailand, £Graduate Scdhoolof Integrated Science, Yokoharma City University, Kanagamoa 230-0045, Japan, q Precursor

Research for Embryonic Science and Tedmology, |ST(|ST-PRESTO), Saitarma 351-0198, laparn

Abstract

The fungus-growing termites Macrotermes cultivate the obligate ectosymbiontic fungi,
Terntitomyces. While their relationship has been extesively studied, little is known about
the gut bacterial symbionts, which also presumably play a crucial role for the nutrition of
the termite host. In this study, we investigated the bacterial gut microbiota in two colonies of
Macrotermes gilvus, and compared the diversity and community structure of bacteriaamong
nine termite morphotypes, differing in caste and/or age, using terminal restriction fragment
length polymorphism (T-RFLF) and clonal analysis of 165 rRNA. The obtained molecular
community profiles clustered by termite morphotype rather than by colony, and the clus-
tering pattern was clearly more related to a difference in age than to caste, Thus, we suggest
that the bacterial gut microbiota change in relation to the food of the termite, which comprises
fallen leaves and the fungus nodules of Termitonyces inyoung workers, and leaves degraded
by the fungi, in ol d workers, Despite these intracolony variationsin bacterial gut microbiota,
their T-RFLP profiles formed a distinct cluster against those of the fungus garden, adjacent
soil and guts of sympatric wood-feeding termites, implying a consistency and uniqueness
of gut microbiota in M. gilvus. Since many bacterial phylotypes from M. gilvus formed
monophyletic clusters with those from distantly related termite species, we suggest that gut
bacteria have co-evalved with the termite host and form a microbiota specific to a termite
taxonomic and/or feeding group, and furthermore, to caste and age within a termite species.

Kaywords: 165 rENA, gut bacteria, Macrotermes, polyethism, symbiosis, termite
Rerefved 16 [une 2005; revision accepted 4 October 2005
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Does a polyphagous caterpillar have the same gut microbiota
when feeding on different species of food plants?

Ana Sittenfeld!: 3, Lorena Uribe-Lorio!, Marielos Mora!, Vanesa Nielsen!, Glen Arrieta! and
Daniel H. Janzen?
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Linking the bacterial community in pea aphids with
host-plant use and natural enemy resistance

JULTIA FERRARI', ALISTAIR C. DARBY>*, TIM J. DANIELL",
H. CHARLES J. GODFRAY' and ANGELA E. DOUGLAS? 'NERC Centre
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Host Plant Specialization Governed
Interspecific symbiont by Facultative Symbiont
transfection confers Tsutomu Tsuchida, Ryuichi Koga, Takema Fukatsu*

a novel ecological trait
to the recipient insect

Tsutomu Tsuchida'?, Ryuichi Koga?,
Shogo Matsumoto' and Takema Fukatsu?*
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Mutualism between the desert locust Schistocerca gregaria
and its gut microbiota

Rod Dillon, Keith Charnley *
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A Note: Gut bacteria produce components of a locust
cohesion pheromone

R.J. Dillon, C.T. Vennard and A.K. Charnley
Microbial Pathogenicity Group, Department of Biology and Biochemistry, University of Bath, UK
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Symbionts provide pesticide detoxification

John H. Werren'
Department of Biology, University of Rochester, Rochester, NY 14627

Symbiont-mediated insecticide resistance

Yoshitomo Kikuchi®®', Masahito Hayatsu®, Takahiro Hosokawa®, Atsushi Nagayama®, Kanako Tago®,
and Takema Fukatsu!

PNAS | May 29,2012 | wvol. 109 | no. 22

2. Stinkbugs acquire
insecticide-degrading
bacteria.

1 .I-"I-l_iecﬁwde Spraying v:nhan_fzes _ Degrading bacteria 3. Stinkbugs harbor degrading bacteria
insecticide-degrading bacteria in soil. in the midgut erypts and immediately
Mon-degrading bacteria became insecticide resistant.

Riptortus pedestris.



Development of insecticide resistance has been a serious concern
worldwide, whose mechanisms have been attributed to evolution-
ary changes in pest insect genomes such as alteration of drug target
sites, up-regulation of degrading enzymes, and enhancement of
drug excretion. Here, we report a previously unknown mechanism of
insecticide resistance: Infection with an insecticide-degrading bacte-
rial symbiont immediately establishes insecticide resistance in pest
insects. The bean bug Riptortus pedestris and allied stinkbugs harbor
mutualistic gut symbiotic bacteria of the genus Burkholderia, which
are acquired by nymphal insects from environmental soil every gen-
eration. In agricultural fields, fenitrothion-degrading Burkolderia
strains are present at very low densities. We demonstrated that
the fenitrothion-degrading Burkholderia strains establish a specific
and beneficial symbiosis with the stinkbugs and confer a resistance
of the host insects against fenitrothion. Experimental applications of
fenitrothion to field soils drastically enriched fenitrothion-degrading
bacteria from undetectable levels to >80% of total culturable bacte-
rial counts in the field soils, and >90% of stinkbugs reared with the
enriched soil established symbiosis with fenitrothion-degrading
Burkholderia. In a Japanese island where fenitrothion has been
constantly applied to sugarcane fields, we identified a stinkbug
population wherein the insects live on sugarcane and 8% of them
host fenitrothion-degrading Burkholderia. Our finding suggests the
possibility that the symbiont-mediated insecticide resistance may de-
velop even in the absence of pest insects, quickly establish within
a single insect generation, and potentially move around horizontally
between different pest insects and other organisms.

Fenitrothion-degrading
Burkholderia strains

Non-degrading
Burkholderia strains

H




Acyrthosiphon pisum secondary
endosymbiont virus (APSE-1)
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Morpho-functional changes of fat body in bacteria fed
Drosophila melanogaster strains

Antonella Franchini - Mauro Mandrioli -
Claudio Franceschi - Enzo Ottaviani
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Abstract We have examined the addition of Escherichia
coli to the diet at day 0 of adult life of females from two
Oregon R Drosophila melanogaster strains, selected for
different longevities: a short-life with an average adult life
span of 10 days and a long-life standard R strain with an
average adult life span of 50 days. The addition of bacteria
to the diet significantly prolonged the fly longevity in both
strains and affected the structure and histochemical reac-
tivity of the fat body. The increased survival was charac-
terized by great amount of glycogen accumulated in fat
body cells from both strains. In aged control animals, fed
with standard diet, lipid droplets were seen to be stored in
fat body of short-lived, but not long-lived, flies. On the
whole, our data indicate that exogenous bacteria are able to
extend the survival of Drosophila females, and suggest that
such a beneficial effect can be mediated, at least in part, by
the fat body cells that likely play a role in modulating the
accumulation and mobilization of reserve stores to ensure
lifelong energy homeostasis.

Keywords Escherichia coli - Drosophila melanogaster -
Longevity - Fat body - Morphology - Histochemistry
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From bacterial bleaching to the hologenome theory of
evolution

E. Rosenberg' and I. Zilber-Rosenberg®

1} Dept. Mol. Microbio.] and Biotechnol., Tel Aviv University, Ramat Aviv, Israel 69978
2} Open University of Israel, Raanana, Israel 43107

Abstract. Extensive bleaching of the coral Oculina patagonica in the eastern Mediterranean Sea occurs
every summer when the seawater temperature exceeds 25°C. The infection by Fibrio shiloi and subsequent
bleaching occurred only above 25%C because several of the bacterial virulence factors, superoxide dismutase,
adhesion and toxin P, are only expressed above 25°C. Starting in 2002, the corals developed resistance to V.
shilod. Attempts to explain the resistance led to the Coral Probiotic Hypothesis, which posits that corals can
adapt to their environment, including resistance to pathogens, by changing their symbiotic bacteria. The
hologenome theory considers the holobiont a unit of natural selection. The hologenome is defined as the sum
of the genetic information of the host and its microbiota. The theory is based on four well documented
generalizations: (1) All amimals and plants establish symbiotic relationships with microorganisms. (2)
Symbiotic microorganisms are transmitted between generations. (3) The association between host and
symbiont affects the fitness of the holobiont. (4) Under environmental stress. the symbiotic microbial
community can change rapidly. These points taken together suggest that the genetic wealth of diverse
microbial symbionts can play an important role both in adaptation and in evolution of higher organisms.

Keywords: Coral bleaching; Fibrio; holobiont, hologenome, evolution
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Opinion

The hologenome theory of evolution contains
Lamarckian aspects within a Darwinian framework

Eugens Rosenberg,’* Gl Sharon® and

llana Zllber-Rosanbsarg

| Dpartment of MoJscular Mimobbingy and
Biotechnobgy Te Ay Lnkemsiy Ramat Avy lsreel

SUmmary

Tha helogenome theory of evolution emphasizes the
Fole of micronrganiame In the evolution of animals
and plants. The thaory posits that the holoblont (host
plus all of s symblont microblota) 18 & unit of sske-
tion In ewolution. Ganetic varlation In the holoblont
that cam occur elther In the host andior In the
milcroblal symblont genomes {together termed hiolo-
Enome) can than be transmiltted to oftaprng. In addl-
tion to the known modes of warlation, Le. sexual
recombinatlon, chromosomal ﬂm and
mutation, variation In the holoblkont can occur alsovia
two mechanlsms that are pachic to the hologenoms
theory: amplification of existing microorganizmes and
pequisiion of novel stralne from the environment,
Thess mechanlems are Lamarckian In that [1ythay an
requiated by ‘use and disuse {of microbag) and {II)
the varlations In the hologenome are transmitted
to affepring, thus sallsfying also the Lamarcklan
prnciple of ‘Inharltance of acquired charactarlstics”.
Accordingly, the hologenome theory Incorporates
Lamarcklian ml within & Dar&inlan Tramesork,
accantusting both eooperation amd  compatition
within the hioloblont and with other hokblonts,
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ABSTRACT
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deosopmenl, owrioeey, and ppcnlogy. Eoch of thee isdoging! subdivniplimes Ao o gerific conoep.
tion of imdivideality, whish dar Mitoricslly provided concprus! comtants B inggrating meady
wequined dafa. Drnimg the past devady, muclsr goid omaiyais, speniaily peecenc squmong and
Nigh-tiraugfiput BNA tefniguer, Ao chalimped each of e disciplimay definifions B fimadimg
significant imteractions of animals and plest stk smbiof: micoopaniies thar disge e
Beamdaries Shat Aerafofbre hd charglenized 1Re biskopiond individual. Aximals aomnet be comsiderad
indimidualy by amaloming or phpualspical oniferia derause 2 disemsity of symdismls are botf present
awd funchiomal in complating metabelic potheans and seraing offer physiokygica! famctions, Smi-
fariy, these mee stadies Sooe sfoeon thal auimgl declopemt & incomplere silfonr pmiionis.
Symbizmls mhe comefitute o seromed mode of pnetic imberitance, procidivg sebelabl pmaic agniation
Jor mataral seilbction. The ivenane spsiem sl deoslgts. i parl, iw sialygme oafh spriionis and
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William Morton Wheeler
(1865 -1937)

THE ANT-COLONY AS AN ORGANISM'
WILLIAM MORTON WHEELER

As a zoologist, reared among what are now rapidly coming to
be regarded as antiquated ideals, I confess to a feeling of great

diffidence in addressing an audience so thoroughly versed in the
O r}_ni-n.-l- ae all nncﬂnn sragmr aldact hanlasianl faonte vnatheade awnd

«un individuo non & né una cosa, né un
concetto, ma un continuo flusso di processi in
continuo cambiamento e pertanto mai
definitivamente completato. Un organismo &
quindi un complesso coordinato e
individualizzato di attivita che sono
primariamente dirette ad ottenere ed assimilare
sostanze dall'ambiente per produrre altri sistemi
simili (la prole) e proteggere il sistema stesso da
eventuali alterazioni dovute all’ambiente».
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Microbial symbionts: a resource for the management
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Bacteria of the genus Asaia stably associate with
Anopheles stephensi, an Asian malarial
mosquito vector
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Interactions between Asaia, Plasmodium and
Anopheles: new insights into mosquito symbiosis
and implications in Malaria Symbiotic Control
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Asaia, a versatile acetic acid bacterial symbiont,
capable of cross-colonizing insects of phylogenetically

distant genera and orders
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malaHa mosquito vectar Anopheies stephensi, ls also
present In, and capable of crogs-colonlzng other
sugar-feeding Insects of phylogenetically dlstant
geneta and orders. PCR, real-time PCR and in sty
hybridization experiments showed Asals In the body
of the mosquite dedes segypti and the leathoppsr
Scaphoideus UiEnus, vectors of human viruses
and & grapevine phytoplasma respectively. Crose-
colanlization patterns of the body of Ade segypt
An. stephensi and 5 §&nus have been documented
with Asa’s stralms  leclated from An. stephensi
of Ae segppti and labelled with  plasmid- oF
chramosome-encoded flusrescent proteing (Gip and
CsRed respectively). Fluorescence and confocal
milcroscopy shawed that Asais, adminlstersd with the
sugarmeal, efflclently colonlzed guts, male and female
reproductive eystems and the sallvary glands. The
abllty In crags-colonlzing Ingects of phylogenstically
distant orders Indicated that dsals adopte body Inva-
glon mechanlsme Independent from host-apecilc blo-
logleal charactedstics. This versatility 12 an Impartant
property for the development of symblont-based
control of different vector-barne digsasss.
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Figure 1. TEM micrograph of an An. sfephensf adulf male deferent duct showing high numbers
of bacferia of the genus Aszaiz.
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Implication of the Mosquito Midgut Microbiota in the
Defense against Malaria Parasites

Yuemei Dong, Fabio Manfredini®, George Dimopoulos*®
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Abstract

Malarl a-transmitt ing mosquitoes are continuoushy exposed to microbes, induding thelr midgut microblota This naturalky
acguired microblal flora can maodulate the mosquite’s vectonial capacity by inhibiting the development of Plesmadium and
other human pathogens throwgh an unknown mechanism. We have undertaken a comprehensive functional genomic
approach to eluckdate the molecular interplay betwesn the bacterial codinfection and the development of the human
malaria parasite Plasmodivm &l dparwm in its natural vector Anophales gambloe. Global transcription profiling of septic and
aseptic mosquitoes dentified a slonificant subset of iImmune genss that were mostly up-regulated by the mosquita’s
microblal flora, induding several anth-Masmodivm factors. Miorobefree aseptic mosquitoes diplayed an increased
susceptibility to Plasmodum infection while co-feeding mosguitoes with bacteria and P. faldiparum gametocytes reswlted in
lower than normal infection levels. Infection analyses suagest the bacteria-mediated ant-Plasmaodium effact s mediated by
the mosquitcss’ antimicroblal immune responses, plausibly throwgh activation of basal immunity. We show that the
miorobiota can modulate the anti-Fasmoaiom effects of some immune genss In sum, the microblota plays an essential role
im modulating the mosquito’s capadity to sustain Plasmoadivm |nfection.
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INVITED REVIEW

Transinfection: a method to investigate
Wolbachia—host interactions and control
arthropod-borne disease

G. L. Hughes*t and J. L. Rasgon*t mathods an

Wolbachia Invades Anopheles stephensi
Populations and Induces Refractoriness
to Plasmodium Infection

Guowu Bian,™? Deepak Joshi,* Yuemei Dong,” Peng Lu,* Guoli Zhou,* Xiaoling Pan,’
Yao Xu,! George Dimopoulos,” Zhiyong Xi%**

20pm|

Wolbachio & a maternally transmitted symbiotic bacterium of insects that has been proposed

as a potential agent for the control of insect-transmitted diseases. One of the majar limitations
preventing the development of Wolbachia for malana control has been the inablity to establish inhented
infections of Walbachia in anopheline mosquitoes. Here, we report the establishment of a stable
Wolbachia infection in an important malana vectar, Anopheles stephensi, In A. stephensi, Wobachvo
strain whAlbE diplays both perfect maternal transmission and the ability to induce high levels of
cytoplasmic incompatibility. Seeding of naturally uninfected A. stephens populations with infected
females repeatedly resutted n Wolbacha imasion of laboratory mosquito populations. Furthemmore,
whAlbE conterred resistance in the mosquito to the human malana parasite Aasmoaium faloparum.
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“A microbe to proper express anti-parasite molecules in mosquitoes should
have the following characteristics:

* Dominance within the insect-associated microflora;

* Culturability in cell-free media (and cryogenic preservability);
* Easy transformability with foreign DNA and stability;

* Wide distribution in the larvae and adult insect body;

 Co-localization in the insect body districts (i.e.: gut, salivary glands, fat
bodies...) with the pathogenic microbe”.



