: s
: mag’ c/V 2:(/8)‘ i(ln Bi0.§‘€2°€”t@°8t (http://nigerianbioscientist.com )

The Potentials Of Wolbalchia As A Biocontrol Agent

Raji, J.I (2010)
Dept of Biology, Federal University of Technologkuke.
Dissertation.
Correspondence to: Raiji, J.I, joxsyraji@gmail.ce2348060033100

ABSTRACT

Wolbachia are a common and widespread group oébadbund in reproductive tissues of arthropodsesk
bacteria are transmitted through the cytoplasm g@fseand have evolved various mechanisms for
manipulating reproduction of their hosts, includinduction of reproductive incompatibility, pathesmesis,
and feminization. Wolbachia are also transmittedzontally between arthropod species. Significatent
advances have been made in the study of thesestitegy microorganisms. In this paper, Wolbachiddgg

is reviewed, including their biological control itigations. Potential directions for future reseaesk also
discussed.

INTRODUCTION

Insect-borne diseases impose an immense burdeiobal diealth, and insect crop pests greatly infeen
economic and agricultural productivity. For examptelaria alone is responsible for over a milliczaihs
every year (Snowt al., 2005). With the resurgence of vector borne disegaome have been pessimistic that
conventional control measures, such as using icges for long-term periods will be effective.
Furthermore, continued use of insecticides haddetbncerns of negative environmental effects. Tius
need for novel environmentally friendly controlagtrgies has been suggested to complement cursstin
control measured\olbachia are maternally inherited intracellular rickettslde> bacteria belonging to the
Proteobacteria (O'Neilit al., 1992; Werren, 1997; Werrehal., 2008). The type species for tilbachia
genus isMolbachia pipientis, first described in the mosqui€ulex pipiens (Hertig and Wolbach, 1924). Since
then,Wolbachia has been found worldwide in numerous arthropodispemcluding: insects, mites, spiders,
terrestrial isopods, as well as filarial nemato@&erren, 1997; Zhowt al., 1998; Loet al., 2002; Gotoh &
al., 2003; Cordauwet al., 2004; Goodacret al., 2006; Hilgenboeckeet al., 2008; Werreret al., 2008). A
recent meta-analysis has estimated that >65% etirgpecies harbdkblbachia, making it one of the most
ubiquitous endosymbionts on earth (Hilgenboeeked., 2008). Recentlyolbachia has received attention
as a potential bio-control agent that may yieldedansect control strategies. In invertebrai&s|bachia has
been shown to manipulate cellular and reprodugbrgeesses (Hoffman and Turelli, 1997; Werren, 1997;
Sinkins, 2004; Jeong and Suh, 2008; Westeal., 2008). In filarial nematodesyolbachia appears to behave
as a mutualist (Tayloat al., 2005).Wolbachia may provide metabolic pathways absent in filaretatodes,
which are important for the fecundity of its ho$tylor et al., 2005). However, in arthropodg/olbachia
behaves more like a reproductive parasite by imdpdeminization of genetic males, parthenogenesée-
killing, and cytoplasmic incompatibility (CI) (Wesn, 1997; Werreret al., 2008). These modifications
typically give a reproductive advantage to infedtaividuals and allow for the spread\&4blbachia through

a population (Turelli and Hoffman, 1991; Dobssiral., 2002a; Dobsomt al., 2002b; Dobson, 2003; it
al.,2005a).
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2.0 PERSPECTIVES AND OVERVIEW

Bacteria in the genus Wolbachia are cytoplasmicadherited rickettsiae that are found in reprodieti
tissues (ovaries and testes) of a wide range bfapods (76, 86, 103, 126, 127). These bacterigecau
number of reproductive alterations in their hogisluding cytoplasmic incompatibility (CI) betwesirains

(21, 77) and related species (11, 12), parthenageimuction (PI) (103), and feminization of genehales

(86). These modifications of host reproduction imgaselective advantage for the bacteria (113).127

Wolbachia are extremely widespread. Recent surlrays found these bacteria in over 16% of inseatiepe
including each of the major insect orders (124).I6dchia have also been found in isopods (86) aridsmi
(54), and a close relative has recently been fanrzdnematode (97). The limits of Wolbachia disitibn in
arthropods and other phyla are yet to be determiaibachia have attracted considerable recentasitéor
several reasons.

Firstly, given their widespread distribution anéeefs upon hosts, Wolbachia have implications rfigpartant
evolutionary processes. Of particular intereshirtpotential role as a mechanism for rapid spiecig12,
23, 62, and 64).

Secondly, these intracellular bacteria are knowmlter early development and mitotic processeshairt
hosts (33, 60, 81 and 104). As a result, Wolbaotag be used to study these basic processes. Thinge
is widespread interest in using Wolbachia in biatagcontrol as a microbial “natural enemy,” to anhe
productivity of natural enemies (PI bacteria; 162ps a vector for spreading desirable genetic fications
in insect populations (3, 26).

A tremendous amount of progress has been madetlowgpast five years in the study of mechanisms of
action, population biology, and evolution of Wolh& Here | present a brief historical sketch oflWéchia
research; review, recent advances, and discustestipbdirections for future research.

3.0 BRIEF HISTORICAL SKETCH

Intracellular bacteria were first reported withimetreproductive tissues of the mosquito Culex pipiby
Hertig&Wolbach in 1924 (39), and these rickettsiare subsequently namedWolbachia pipientis (38hén
1950s, Ghelelovitch (30) and Laven (61, 62, 64raliered that certain intraspecific crosses withine®
mosquitos were incompatible, i.e. they produced &wno progeny. Laven (62, 64) established that the
incompatibility factor had a cytoplasmic inheritengattern (i.e. inheritance through females buttimetugh
males) and named this phenomenon cytoplasmic inabimigty. A connection between these two discoseri
was not formally made until the early 1970s, whesn & Barr (131) established that Cl was associaii¢ul
the presence of the rickettsial agent by elimimatod Wolbachia through antibiotic curing. Males rfro
infected strains were found to be incompatible waitkibiotically cured females derived from the sastrain,
whereas the reciprocal cross was compatible (iumidirectional incompatibility). This is now known be
the standard pattern in antibiotic curing experitee@®ver the next 25 years, new examples of Cl viearad

in a diverse range of insects, including flour {75, 118), alfalfa weevils (49, 68), parasitiasps (82,
94), plant hoppers (73, 74), flour moths (17), Aedesquitos (112), and fruit fly (6, 41, 44, 46d &9). CI
typically was first detected as a reduction in g numbers from crosses between certain strant, a
cytoplasmic inheritance was shown in subsequesses

In some cases, presence of bacteria in ovariesesiest was established microscopically and/or their
involvement implicated by antibiotic or heat-treatmh curing. However, the phylogenetic relationships
among CI bacteria found in the reproductive tissofedivergent host insects were unknown until tadye
1990s. Note that Wolbachia persica, originally g@sd to the genus based on ultrastructural sinidayiis
actually a Gamma division bacterium, and therefoneelated to true rickettsiae (120). In this paper,
Wolbachia therefore refers to W. pipientis and@stives. The closest bacteria to the Wolbachgsaagroup

of rickettsiae that include Ehrlichia equii, EhHia canis, Cowdria ruminata, and Anaplasma marginal
These are blood parasites of mammals that arereechy arthropods (91). Ehrlichia sennetsu andi&hd
risticii, also disease agents of mammals, represemtore divergent group (91). Bacteria in the genus
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Rickettsia are still more distantly related. Thisngs includes several arthropod-vectored diseasetsg
including the causative agents of Rocky Mountaiottga fever, murine typhus, and scrub typhus, dsasea
cytoplasmically inherited malekilling bacterium fadiin ladybird beetles (125). Although most of fpecies
mentioned above are arthropod-vectored diseasdsagéwertebrates, to date, Wolbachia have onlynbee
found associated with arthropod reproductive tisarel there is no evidence that they cause digease
vertebrates. However, given the abundance of atdospecies infected with Wolbachia (124), this
possibility cannot be ruled out.

4.0 POPULATION BIOLOGY AND EVOLUTION

Why are Wolbachia selectively favored to cause Bdth theoretical (19, 27,51, 100, 113) and emgplirica
(114) studies show that cytoplasmically inheritedléchia infections can readily spread through feaied
populations due to CI. The basic reason is thaicted eggs are compatible with sperm from bothciete
and uninfected males, but uninfected eggs are ipatible with sperm from infected males. As a resbi
uninfected “cytotype” is reduced in the populationproportion to the frequency that uninfected eggs
fertilized by sperm from infected males. Dynami¢<Cd Wolbachia are interesting and potentially cdexp
(80, 88, 113). Three factors of particular impocarare (a) survival and fecundity of infected rnekatto
uninfected females, (b) proportion of infected eggsduced by infected females (transmission), apteyel

of Cl expression in incompatible crosses. Whenciafe females suffer a survival/fecundity cost, ¢hexists

a threshold frequency for increase of the infectlmeiow which the infection will decrease and abwwgch

it will increase, often to near fixation. For exdmpor a Cl strain with 100% expression, the thoégh
frequency (p) is p D s, where s is the fecunditst ¢o infected females (19, 113). Thus, fecunddst ©f an
infection is crucial to its initial spread in a pdation. Fecundity costs range from nearly neglegifo over
10%, depending on the host species (45, 115). V8ad@hang (117) report that sperm from Wolbachia-
infected males has a competitive advantage reldttiveperm from uninfected males. This effect could
accelerate spread of the infection. Turelli & Hodéfinm (115) have shown that in spatially structured
populations, infections with relatively low costnceeadily drift above the threshold frequency ihoeal
population and then quickly spread throughout #rgdr population in a process analogous to spréad o
under-dominant chromosome arrangements (113). fibkeg documented such a spread of Cl Wolbachia in
North American populations of D. simulans (128).eQronsequence of the spread of an initial Wolbachia
infection within a population will be “hitchhikingdf the associated mitochondrial haplotype (89, B1®).
This should result in a significant reduction intechondrial variation and association of the infactwith
particular mitochondrial haplotypes, as observeld.isimulans (89, 98, 116).

5.0 SPECIATION AND WOLBACHIA

Wolbachia may promote rapid speciation by causegyaductive incompatibility between populations,(12
22,111), especially when bidirectional incompaiibil occurs. Partial to complete bidirectional
incompatibility has been found between strains osithulans (21) and C. pipiens (64), and betwebingi
species of Nasonia (12). Nasonia wasps are a cgropliiree sibling species (N. vitripennis, N.gitguand

N. longicornis). N. vitripennis is cosmopolitan, &kas the other two occur allopatrically in Nortiméica
and are microsympatric with N. vitripennis over huaf their ranges. The three species show comptete
nearly complete reproductive incompatibility withol other, owing toWolbachia.

Each Nasonia species harbors double infectionsdigtinguishable strains of A- and B-Wolbachia (127).
Hybrids do not normally occur in crosses between dpecies unless they are antibiotically curedcheirt
associated Wolbachia strains (12, 15). Introgressioosses show that the interspecies bidirectional
incompatibility is due to bacterial strain diffec&s, not to interactions with host genotype (14ps&quent
studies of hybrids between N. vitripennis and Maugiti reveal recessive hybrid inviability geneasgicating
significant divergence between these species {i%. Nasonia complex suggests that Wolbachia coeld b
involved in speciation. However, in this systemnisitnot yet known whether bidirectional incompaitlil
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preceded the speciation event (and potentially ptethit) or followed divergence of the incipienesfes. A
number of bidirectional incompatibility types areufd in D. simulans (21); however, incompatibilisy
relatively weak and is apparently insufficient t@yent nuclear gene flow between 600 WERREN differe
compatibility types. Bidirectional reproductive latoon is found between geographic populations haf t
parasitic wasp Trichopria drosophilae and is assedi with different strains of Wolbachia (61, @24)
uncovered incompatibility relationships betweerieddgnt geographic isolates of the mosquito C. piiend
subsequent workers have further studied this syg®iB2). A complex pattern of unidirectional and
bidirectional compatibilities occurs. However, daaot must be exercised in attributing Wolbachia
involvement in all cases of cross incompatibilibphd in C. pipiens (25, 70). In only a fewspecdases has
the inheritance pattern been shown to be cytoplaghi9, 131), and the distribution of bacteriahists and
possible host genetic effects on compatibility hgee to be determined. Unidirectional and bidirecl
incompatibilities and associated microorganismsfawad within and between species of Aedes mossjuito
(70, 112). Reproductive incompatibility between piapions of the two-spotted spider mite (7) andusitred
mite (110) may also involve Wolbachia strains. Raag the relative roles of Wolbachia versus otfaattors

in reproductive isolation in such complexes is gipalarly promising research area. Wolbachia-iretu€l1
need not be the only isolating mechanism betweeisp for the bacteria to be important as a speniat
mechanism. For example, unidirectional CI combimgtth other reproductive isolating mechanisms in the
reciprocal direction, such as hybrid sterility andability or premating isolation, could result lmdirectional
reproductive isolation. A possible example occuetwieen North American Gryllus species. Wolbachia-
induced bidirectional incompatibility is a possilbhechanism for

rapid speciation in arthropods, as suggested byeXaenples above. The recent finding that over 16% o
insects harbor these bacteria further supportsittigyuing possibility (124). However, it remairte be
demonstrated how often Wolbachia are associateld rgproductive incompatibility between populations
within a species or between recently diverged gseca prerequisite for determining their potential
importance as a speciation mechanism.

5.1 Biological Control and Public health Importance

There is considerable interest in using Cl Wolbachibiological control (1, 3, 24,). Early studiensidered
use of Wolbachia to eradicate host populations inethod analogous to sterile-male release (63)eliewy
this approach is logistically difficult except imall isolated populations. An alternative is toaesish ClI

infections that will reduce the reproductive poignf insect populations. An obvious difficultytisat, as the
infection approaches fixation in a population, fitegjuency of incompatibility declines dramatically.

Therefore, Cl strains with very high transmissi@tes would be less useful for this form of biolagic
control. However, strains with lower transmissiaies that achieve polymorphic equilibria within thos
populations might be employed with effect. For egéanpopulation models indicate that a CI straithwio
fertility cost to infected females, complete (1008&pression, and a transmission rate of 80% wilie® a
polymorphic equilibrium of 0.72, causing a 20% reithn in fertility of the population (113). Thers also
the potential of “stacking” additional incompatibjl types within a population and studies indic#tat
double infections can be used in populations aldixéd for Wolbachia (3, 95). However, the effeemess
of such an approach would be quite sensitive tccipg of the population parameters (fertility cast
expression, and transmission).

A more ambitious use of Wolbachia involves gendifieangineered organisms.

Several projects are underway to genetically emginvector arthropods for refractoriness to diseagents
(3). One approach is to transform mutualistic syonts found in these vectors. Success has beervadhie
developing transformation systems for the symbiafttsetse flies (vector of African trypanosomidsisd
kissing bugs (vector of Chagas’ disease) usingnii®ased constructs (3). If effective expressibarti-
parasitic or anti-viral genes is achieved, thergetsanother major hurdle: replacement of natuoglutations
with the refractory genotypes. The ability of a\@blbachia strain to sweep through a populatiomdirg
along with it other maternally inherited factorai¢h as genetically altered endosymbionts) couldabe
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effective mechanism for genetic replacement (3,28}, However, as with direct use of Cl Wolbaclaa,
fuller understanding of the population dynamicshi§ process will be crucial to its implementation.

6.0 CONCLUSIONS AND FUTURE PERSPECTIVE

As reviewed above, the prospect of using Wolbathizontrol insects shows considerable promise. afte,ch
major obstacle for Wolbachia-based strategies kas the ability to transfer Wolbachia infectionsntavel
hosts. However, this obstacle has been overcomeedsntly demonstrated successful transfers intelnov
hosts, using microinjection of cytoplasm into endzryZabalou et al., 2004; Xi et al., 2005a; Xilet 2005b;
McMeniman et al., 2009). The mosquito A. aegypti,important vector of dengue virus and yellow fever
virus, was recently infected with a Wolbachia tyfyem Aedes albopictus (Xi et al., 2005a). The
demonstrated successful transfections are encaogrdgi the likelihood of transfer to major economiests
and disease vectors lacking naturally occurringi&chia infections.

Successful transfers promote the development ofelngentrol programs using the Wolbachia-based
strategies described in this review. Further werkeeded to define the underlying molecular mechasiof
Wolbachia induced reproductive modifications, pmatarly Cl. Genome wide analyses using available
Wolbachia genome sequences should help in the@aweint of a transgenic system that will help defhre
mechanism(s) of Cl. Understanding the mechanis@la$ important from both a basic scientific staoidp
and to facilitate Wolbachia based control strategapecifically gene drive strategies. The rela#seon-
transgenic incompatible males may be a logical ségfore the release of fertile transgenic or panagenic
insects, which may yield improved efficacy and/ostc Furthermore, public acceptance of transgersedt
releases may be increased via an approach thateigrated with Wolbachia-induce CIl. Specifically, i
released transgenic males are cytoplasmically ipatisle with the targeted population, the released
transgene has a reduced probability of establishimghe field. This approach would allow for the
examination of the dynamics of a transgene in alfadn with less risk.

Research into Wolbachia is likely to undergo anl@sqwe growth in the near future. There is widespre
interest in these bacteria, and tools are now ahialfor detailed studies. Key questions to be stigated
include the following:

What are the biochemical mechanisms of Cl, PI, f@mdnization? How widely distributed are Wolbachia
(e.g. do they occur in vertebrates)? How do

Wolbachia move between species? What are the emwduy trajectories of Wolbachia infections wittand
between species? Do Wolbachia promote speciaticar? Wolbachia be effectively used in biological
control? Significant progress is now likely to bade in answering these questions, and the nextldexfa
Wolbachia research therefore promises to be animxcne.
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