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Microbiota : the microorganisms permanently
resident in a particular site / habitat

Microbiome : are the collective genomes of
microorganisms residing in an environmental
niche

Hologenome: The hologenometheory is a
postulate that states that the object of
natural genomic selection is not a single
organism, but the organism and its microbial
communities




The concept ofhologenome

- -’0 0’ ~
\ T 10 Wi
an.' o o~
= N
2% A
A
, /

V Holobi me: This hypothesis proposes that
a dynamic relationship exists between
organisms (hosts) and their symbiotic

microbial communities. By changing its
composition, this "holobiont " can adapt to
changing environmental conditions much
more rapidly than with genetic mutation
and selection alone




Insect symbiosis
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Insect symbiosis
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Fig. 2. Factors influendng compostion of the gut microbiota of insects indude insect devdlopment, physiochemical conditions in different gut
compartmeants, available sources for bactens acquistion, and capability to transfer bactena to progsny.
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Insect symbiosis

insect gut microbiota 713
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Fig. 4. Known functions of bactena in insect guits. Cobonization resktance against pathogens or parasites has been described for the bumble
bee, Bombus terestns, the desert locust, Schistocera gregana, and vanows mosquito gpeces (Fumpuni o af, 1993; Gonzalez-Ceron ef al,
2003; Dillon ot 3/, 2005; Ciimotich o al, 20113 Koch & Schmid-Hempsl, 2011k). In Drosophila melanogaster, the commensal gut microbiota
has besn shown to be involved in intestingl cell renewal and promotion of systemic growth Buchon o al, 20083, b; Shin o al, 2011; Stonell
et 3, 2011). A prime example for diet breakdown i the degradation of cellubose by the characteristic gut microbiota in the hindgut of termites
(Wamedke of 3L, 2007). Gut bacteria have ako been shown to degrade towins ingested with the diet (Fing o al, 2007; kikudhi et al, 2012
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The Tiniest Tiny Genomes
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Abstract

Starting in 2006, surprisingly tiny genomes have been discovered from nu-
merous bacterial symbionts of insect hosts. Despite their size, each retains
some genes that enable provisioning of limiting nutrients or other capa-
bilides required by hosts. Genome sequence analyses show that genome
reduction is an ongoing process, resulting in a continuum of sizes, with the
smallest genome currently known at 112 kilobases. Genome reduction is typ-
ical in host-restricted symbionts and pathogens, but the tniest genomes are
restricted to symbionts required by hosts and restricted to specialized host
cells, resulting from long coevolution with hosts. Genes are lost in all func-
tional categories, but core genes for central informational processes, includ-
ing genes encoding ribosomal proteins, are mostly retained, whereas genes
underlying production of cell envelope components are especially depleted.
Thus, these entities retain cell-like properties but are heavily dependent on
coadaptation of hosts, which continuously evolve to support the symbionts
upon which they depend.
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Figure 3

Genome size ranges in closely related clusters of symbiotic bacteria and relatives. Obligate symbionts are shown in orange, facultative
symbinms in blue, and i:rcc-living bacteria in gray. f}bligatc sy'ml:liams show the tiniest genomes; those in the green box are c:bligatc
inscct symbionts and include the tiniest genomes known in cellular organisms. Symbionts in younger associations with hosts are
sometimes only slightly reduced in genome size.




Aphids and Buchnera

In the body of aphids, bilobed bacteriomesare
present, containing 60-80 bacteriocytes.

Inside the bacteriocyte there are vesiclesthat contain
the primary Gram negative symbiont Buchnera
aphidicolabelonging to the phylum gamma -
Proteobacteria (extreme reduction of the genome:
425950 kb).

Vertical transmission of Buchneraoccurs through
transfer into the egg (in the case ofsexual
reproduction ) or into the embryo (in the case of
reproduction by parthenogenesis).




Other examples

bacteriomes

Sharpshooter:
Cuerna sayi
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Potential effects of the symbiont

In the biology of the host

1.

2.

3.

4.

5.

6.

1.

Ecology of insect nutrition

Defense against pathogens

Adaptation to different environmental conditions
Influence on plant-insect interactions

Impact on population dynamics

Resistance to insecticides

.... many others... ..




What kind of interactions?

Influence of microbial symbionts on insect
pheromones

*

Tobias Engl™® and Martin Kaltenpoth

mate localization and mate choice as well as other social interactions in insects. A growing body of literature
indicates that microbial symbionts can modulate their hosts' chemical profiles, mate choice decisions and
social behavior. This modulation can occur by the direct blosynthe5|s of pheromone components or the

-_—
W&F@C&LSOFS or_through general changes in in_the metabolite pool of the host and its

resource allocation into pheromone production, Here we review and discuss the contexts in which

resource allocation into pheromone production. Here we review and discuss the contexts in which
microbial modulation of intraspecific communication in insects occurs and emphasize cases in which
microbes are known to affect the involved chemistry. The described examples for a symbiotic influence
on mate attraction and mate choice, aggregation, nestmate and kin recognition highlight the context-
dependent costs and benefits of these symbiotic interactions and the potential for conflict and
manipulation among the interacting partners. However, despite the increasing number of studies
reporting on symbiont-mediated effects on insect chemical communication, experimentally validated
connections between the presence of specific symbionts, changes in the host's chemistry, and
behavioral effects thereof, remain limited to very few systems, highlighting the need for increased
collaborative efforts between symbiosis researchers and chemical ecologists to gain more
comprehensive insights into the influence of microbial symbionts on insect pheromones.




Tablel Owverview ofsysternstor which a symbioticinfluence oninsect chemical profiles, mate choice or social behavior has been demonstrated
or suggested. For completeness, two non-insect arthropod systems anre also included
Host order Host species Symbiont Chemistry Eehavior References
Blattodea Bilgttella germanica  Gut microbiota Carboxylic acids Aggregation 124
Elattodea Reticulitermes Microbial community Nestmate aggression 110
speratus
Elattodea Zopotermopsis Gut microbiota Precursors for methyl- 60
nevadensis branched CHCs
Coleoptera Costelytra zealandica Morganella morganii Conversion of tyrosine to Attraction of males 57 and 58
phenale (1)
Coleoptera Ips typographus Grosmannia penicillata  2-Methyl-3-buten-2-0l (15]  Aggregation 136
and G. europhioides
Coleoptera Oryzaephilus Bacteroidetes bacteria CHCs under desiccation 37
SUFIRGMENSIs stress
Diptera Boctrocera dorsalis  Gut microbiota, Kiehsielln Attraction of males 68
oxytoca
Diptera Ceratitis capitata Gut microbiota incl. Mating latency of males 63 and 70
Kiebsiella sp., Enterobacter
ap
Diptera Drosophila Gut microbiota, CHCs [6,7) Seual isolation through 69-B4
melanogaster Lactobacillus plantarum assortative mating of males in
certain lab populations
Diptera Drosop hila Waolbachin Sesmal isolation through B1, B5-B7
melanogaster assortative mating of males
Diptera Drosophila Pathogens: Pseudomonas  Methyl laurate, methyl Aggregation 16
melanogaster entomophila, Serratia myristate, methyl palmitate
marrescens , Eneinig
camtovora
Diptera Drosophila Walbachia Walbachia infected female pupae BB and BY
melanogaster and D influence testes development of
simulans male pupae
Diptera Drosophila Walbachia Mating rate & promiscuity B7
melanogaster and D.
simulans
Diptera Drosop hila Waibachia CHCs and male anti- Sesal isolation through 91-95
paudlistorum aphrodisiacs (8-10) assortative mating of males
Diptera Glossing morsitans  Wigglesworthia glossinidia CHCs, incl. female contact  Prefrerential mating 104
pheromone (11)
Diptera Musca domestica Bacteria (wiposition choice 125
Hymenoptera Pogonomyrmex Microbial community Nestmate aggression 111
barbatus
Orthoptera Schistocerca gregaria  Gut microbiota incl. Synthesis of phenol (1) and  Aggregation 120-123
Pantoea apglomerans, guaiacol (12)
Kiehsiella preumoniae,
Enterobacter cloacae
Eopoda Armadillidium Walbachia Preferential mating with true 97
[Malacostraca)  valpare versus feminized neo-females
Trombidiformes  Tetranychus urticae Wolbachio Preferential mating with 96
[Arachnida) uninfected males




of Drosophila melanogaster

Commensal bacteria play a role in mating preference

® Gil Sharon®, Daniel Segal®, John M. Ringo®, Abraham Hefetz", llana Zilber-Rosenberg®, and Eugene Rosenberg™’
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Fig. 1. (A) Schematic representation of the experimental procedure. A population of flies was divided, serially transferred in two different media, and then
examined for mating preference. After rearing the flies for a number of generations on starch or CMY media, each population was grown ly for one
generation on CMY medium and then tested for mating preference. The multiple-choice mating tests were performed in 24-well plastic plates each well
contained four flies: one male and one female starch-reared and one male and one female CMY-reared. Matings were recorded every 4 min for 1 h. (8)

Mating preference tests of D. melanogaster after growing 11 generations on starch or CMY medium.

How can a bacterially induced mating preference,
as described here, contribute to speciation
and evolution in nature?

One possibility is that, in the natural world,
multiple environmental factors act
synergistically to differentiate the microbiota
and strengthen the homogamic mating
preference.

For example, it is reasonable to assume that fly
populations living on different nutrients will
be, at least to some extent, geographically
separated.

The combination of partial geographic separation
and diet-induced mating preference would
reduce interbreeding of the populations.
Slower changes in the host genome could
further enhance the mating preference.

The stronger the mating preference, the greater
the chance that two populations will become
sexually isolated.




Engl et al BMC Micrabiology 2018, 18(Suppl 11:145
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Effect of antibiotic treatment and gamma-

BMC Microbiology

irradiation on cuticular hydrocarbon
profiles and mate choice in tsetse flies

(Glossina m. morsitans)
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Symbiont-mediated insecticide resistance

Yoshitomo Kikuchi®®!, Masahito Hayatsu®, Takahiro Hosokawa®, Atsushi Nagayama®, Kanako Tago,

and Takema Fukatsu®
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Fig. 1.
kholderia (10, 18). (B) An adult male of R. pedestris. (C) A dissected alimentary tract of R. pedestris. An arrow indicates midgut fourth section as symbiotic organ. (D)
An enlarged image of the symbictic organ. (E) Localization of Burkholderia in the midgut crypts. Arrowheads indicate midgut crypts in D and E. (F) Halo formation
by fenitrothion-degrading Burkholderia strains on a fenitrothion-containing agar plate. (G) Phylogenetic relationship of symbiotic Burkholderia strains from
R. pedestris ([orange) and soil-derived Burkholderia isolates (blue). Stars indicate fenitrothion-degrading strains. A maximum likelihood phylogeny inferred from
1,228 aligned nuclectide sites of 165 rRNA gene sequences is shown with bootstrap values. Closely related pairs of fenitrothion-degrading and nondegrading
Burkholderia strains used in this study are highlighted by colored arrows: SFA1 and RPEG7 in green, KM-A and RPE301 in red, and KM-G and RPE239 in blue.

Fenitrothion degradation by Burkholderia, and Burkholderia gut symbiont of R. pedestris. (A) Fenitrothion degradation pathway in soil-derived Bur-
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Fig. 5. Discovery of fenitrothin-degrading Burkholderia infection in C. sac-
charivorus at Minami-Daito Island, Japan. (4) Fenitrothion spraying in a sug-
arcane field atMinami-Daito Island. (B) An adult female of C saccharivorus. (C)
Degradation of fenitrothion by a Burkholderia strain (MDT2) isolated from C.
saccharivorus. (D) Infection frequencies with fenitrothion-degrading (red) and

d ding (blue) Burkholderi. in C saccharivorus populationsin
subtropical islands of Japan. The number of infected insects per number of all
insectsexamined is shown in brackets. Mean annual use of fenitrothionin each
of the islands is also shown [the data was from the Japan Agricultural Coop-
eratives, Okinawa office (JA Okinawa), and the Annual Report of Sugarcanein
Okinawa Prefecture (Okinawa Prefectural Government)].




The symbionts "know " to protect the host
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Riview Protection against a fungal pathogen conferred by the aphid
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The Insect Microbiome Modulates Vector Competence expressed in multiple host genotypes and species and is not
for Arboviruses influenced by co-infection with another symbiont
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Abstract

In (he last decade, bacterial symbionts have been shown to play an lmporum le in protecting hosts against pathogens. Cument Biology 24, 22672273, October 6, 2014 ©2014 Bsevier Ltd All rights reserved  http:/fdx.doiomg/ 0.1016/.cub.2014.07.065
a symbiont in arth ds, can protect Di species against viral infections, We
have investigated antiviral protection in 19 strains hun 16 Dy la species after transfer into the
same genotype of Drosophila simulans, We found that approximately half of the strains protected against two RNA viruses. Re 0 rt
Given that 40% of opod species are to harbour as many as a fifth of all arthropods p
species may benefit from Wolbaci ion. The level of ainst two distantly related RNA viruses .
~ DCV and FHV - was strongly genetically correlated which suggests that there l:ql single mechanism of protection with I nsects Recyc I e E n dOSV I'I1 b | O ntS
broad specificity. Furthermore, Wolbachia s making flies resistant to viruses, as increases in survival can be largely explained .
by reductions in viral titer. Variation in the level of antiviral protection provided by different Wolbachia strains is strongly w he n th e Be n eflt Is Over
genetically correlated to the density of the bacteria strains in host tissues. We found no support for two previously
of - of the immune system and upregulation of the

methyltransferase Dnmt2. The large variation in Wobachia's antiviral the need to carefully select
bachia strains into to prevent the transmission of aboviruses




Symbiotic Control

Current advances in understanding the relationships between
microbiota and vectors could have a major impact on:

1) a better understanding of sometraits of mosquito biology;
i) the development of innovative control strategies for mosquito -

borne diseasesaimed at reducing the vector capacity of mosquitoes
and / or inhibiting the transmission of the pathogen.

AV

PARATRANSGENESIS: genetic modification of the

symbiont to express "anti-pathogenic” molecules within the
Insect to stop transmission.




SC of insect pests/vectors

Adult Rhodnius prolixus, a Kissing bilg.
WHO/TDR/Stammers
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Bacterial symbiosis and paratransgenic control of
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Delivery of a Genetically Marked Alcaligenes sp. to the Glassy-Winged
Sharpshooter for Use in a Paratransgenic Control Strategy

Blake Bextine," Carol Lanzon,® Sarah Potter,” David Lampe * Thomas A. Miller

@1999 The Regents of The University of California

Modlflcatlon of the extracellular bacterial symbiont
(Beard et al. 1992, 1993, 2000). Treymbiont is transmitted to the progeny by contaminating
egg shells or of food with infected feces and genetically modified symbionts can be transmitted
to hosts lacking symbionts (Richard 1993, Beard et al. 2000).

A paratransgenic approach to interrupt transmission of Xylella fastidiosa (the bacterial pathogen
causing Pierce's disease of grape), by insect vectors has been recently sap.

of the Chagasdiseasevector Rhodnius prolixus




SC of Chagas/Diseases
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SC of Chagas Disase

GM WTr +C

= Genetically modified bacterial
formulation are applied to new
homes or to insectcide-reated
homes,

« Insects infest or reinfest
homes.

= Trnatemine nymphs ingest
madified bacleria.
= Genelically modified

symbionts are amplitied and
dispersed by newly infected

insects.
Fig. 6. Exgeession of 3 recoesdanant sangle chum aniibody in R, proficus via
transformed R, rbovdné, Western blot using culture supernatant froen geneti-
cally madifiod symbeorts, WT, wild-type symbicats, +C, posative oomtrol
from socoesitanant £, coli; MWM, 42 XD molecular wogt mackess (modi-
fiad from Durvasuls et al, 1999ab) Fig 7. A thearctical strategy for controlling Chapes discase ransmissaon using genetically modified symbicats
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Symbionts and mosquitoes: new opportunities
for MBD control?

Mosquitoes are potential vectors of many
pathogens responsible for diseasesof great
health importance:

Malaria,

Dengue,

Yellow Fever,

West Nile Virus,

Chikungunya ,

Filariasis,

and many others!
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Microbiota fluctuations in mosquito

Larval -pupal stage:

Proportion of sequences
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Effects on Plasmodiuntransmission

arasite number
A

Colonization of Gram -negative bacteria species has
been associated with aninhibitory activity on the 199
sporogonic development of the parasite 108 1

1024




Wolbachiaas a tool for
controlling mosquito -
borne diseases



Wolbachian insects

A Wolbachids an Y-proteobacterium, first identified in the ovaries of
Culex mosquitoes in 1924 andis probably the bestknown
endosymbiotic microbe in the biosphere. It is thought to infect up to
76% of themillions of insect specieson Earth



The success otheseintracellular bacteria has beenattributed to their

ability to induce a range of reproductive distortions in their hoststo

Increasethe reproductive success ofinfected females, thus improving
maternal transmission of Wolbachia

“ | | Thesetralits include transforming

TR f’” -l | genotypic malesinto phenotypic
: females, modifying male sperm so
% TR that females cannot produce
L offspring unlessthey mate with a
—RC 5 éﬁ?& male infected with the same
Wolbachiastrain, or inducing
%& ‘kﬁﬁ\ parthenogenetic reproduction of
females.

% % Wolbachiacan also increase host
fitness by influencing nutrition

%& and development and providing
%\ resistanceto pathogens




Wolbachian mosquitoes

A Many speciesof mosquitoes are
home to Wolbachigeg Ae. albopictus

A Rarely detected in the whole genus
Anopheleg and in Ae. aegyi

A We can "force" Wolbachiao infect
Anopheline and Ae. aegypti




Wolbachian Mosquitoes

V The approachesusing
Wolbachia for the control ,
of the mosquito-borne 2 & 2
diseasesmentioned above b5
rely on the successful .
stabilization of Wolbachia .
iInfections, usually by | B\
purified Wolbachia R o, L
microinjection from Rt
Infected insect hosts.




How to use Wolbachia to control
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Turley et al, PLoS Negl Trop Dis. 2009 September; 3(9): e516.



http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2734393/
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Life shortening and priming
the Immune system

|
t
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Most pathogensrequire arelatively
long development period in their
vector before they can betransmitted
to a new human host; therefore, only
the "older" insects have
epidemiological importance.

Wolbachia can shorten the life span of
the mosquito by reducing / abolishing
the competence of the vector

The expression of six immune geneswere
analyzed by gRT-PCR: leucinerich repeat
immune protein, LRIM1; thioester-containing
protein, TEPZ; cecropin, CEC1;defensin,
DEF1; C-type lectin, CTL4; and clip-domain
serine protease, CLIPB3

Adult An. gambiademales were injected with
E. coli wMelPop or the buffer alone, 2¢ 3 days
post-eclosion, and RNA was extracted from
theseadults eight days after injection.
Expression was normalized to non-injected
adult females of the sameagefrom the same
colony.




Wolbachia Invades Anopheles stephensi
Populations and Induces Refractoriness
to Plasmodium Infection

Guowu Bian,™? Deepak Joshi,* Yuemei Dong,? Peng Lu,* Guoli Zhou,* Xiaoling Pan,*
'11,4*

Yao Xu,' George Dimopoulos,? Zhiyong Xi
Wolbachia is 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 major limitations
preventing the development of Wolbachia for malaria control has been the inability to establish inherited
infections of Wolbachia in anopheline mosquitoes. Here, we report the establishment of a stable
Wolbachia infection in an important malaria vector, Anopheles stephensi. In A. stephensi, Wolbachia
strain wAlbB displays both perfect matemnal transmission and the ability to induce high levels of
cytoplasmic incompatibility. Seeding of naturally uninfected A. stephensi populations with infected
females repeatedly resulted in Wolbachia invasion of laboratory mosquito populations. Furthermore,
wAlbB conferred resistance in the mosquito to the human malaria parasite Plasmodium falciparum.

Fig. 3. WolbachiawAlbB A B
distribution in somatic
tissues of LB1 mosqui-
toes (Gz;). (A) The ge-
nome copy of Wolbachia
surface protein (WSP) was
measured by real-time
PCR and normalized by
A stephensi ribosomal pro-
tein S6 (RPS6). Different
letters above each column
signify distinct statistical
groups (P < 0.05 for com-
parison between a, b, and
¢; Student’s t test). Error
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Salivary gland

bars indicate SEM of at
least 10 biological repli-
cates. (B) Wolbachia wAlbB
distribution in fat body,
midgut, and salivary gland
of an LB1 mosquito, as-
sayed by FISH as described
in Fig. 1A. White arrows
indicate Wolbachia.




Wolbachia to eliminate
Dengue(www.eliminatedengue.com )

A Thesestudies mark the first time
that a deliberate Wolbachia
mediated population -replacement
strategy hasbeenattempted in
nature, and herald the beginning
of a new era in the control of
mosquito -borne diseases

Queensland

eYorkeys Kn
Cairns ®®Gordonva

A The advantage of population -
replacement approachesis that,
once establis hey are self

ypulatior

pfosquito population is simply
changed rather than eliminated,
effectson the ecosystemshould be
minimal .
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Successful establishment of Wolbachia in Aedes The wMel Wolbachia strain blocks dengue and
populations to suppress dengue transmission invades caged Aedes aegypti populations
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