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Wolbachia

* Intracellular, maternally inherited
symbiotic bacteria

e Found in ~20% of insect species

 Many different symptoms of
infection




Phenotypes of Wolbachia
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Cytoplasmic Incompatibility (Cl)

e Eggs from uninfected females fertilized with sperm from infected
males cannot develop




Application (Cl)

Wild Aedes
Aegypti mosquito

Mosquito bites Mosquito ingests Disease infected Mosquito
disease infected blood with masguito bites transmits disease
person disease another person to person

Wolbachia stops the
disease from being
transmitted

Wolbachia Aedes
Aegypti mosquito




Application (Cl)
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Consequences of Cl Wolbachia

e Selection pressure on uninfected females
* Wolbachia infection sweeps to fixation (Turelli et al. 1992)

* Eventual speciation due to reproductive barrier (Bordenstein et al.
2001)



Predictions

* Reduced gene flow between uninfected and differentially infected
populations

 Linkage disequilibrium: mitochondria and Wolbachia inherited
together

e Co-evolution between mitochondrial and Wolbachia genomes



Significance of Study

 Mosquito-vectored diseases:
e Arboviruses
e Parasitic helminths: heartworm
e Protozoans: malaria

Smart Science: Wolbachia Bacteria Might Stop Zika and
Dengue Viruses (rorbes 2016)



Collection and Morphological Identification

Anopheles punctipennis

Culex spp.

e CDC light trap baited with
dry ice as a source of CO,




Molecular Identification & Phylogenetic Analysis

* DNA sequencing

e Alignment and neighbor-
joining analysis

Species/Abbrv

12.B1 A vexans

13.C49 A vexans

14. C51 A vexans

15. BB Anopheles punctipennis
16. H38 Anopheles punctipennis
17. C50 Coquillettidia perturbans
18. AB Culex quinguefasciatus
19. A7 Culex pipiens

20. C38 Culex erraticus

21. C40 Culex erraticus

22. H38 Culex erraticus

23. F1 Ochleratatus triseriatus
24. E4 A albopictus

25. D2 A albopictus

26. B2 A alboplctus
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Mitochondrial diversity
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B2, B3, C1, D1, D2, D3, E2, E3, E4, G1, H1, I1 A, albopictus
C2 A albopictus

E1 A. albopictus

Ab Culex guinquefasciatus
AT Culex pipiens
C7 A vexans 7]
AL A vexans

ChB A vexans

A2 A vexans

AB A vexans

C3 A vexans

A1 A vexans

C51 A wexans

B1 A vexans

A3 Avexans

Ad A vexans

C4 A vexans

C5 A vexans
C49 A vexans |
F1 Ochleratatus triseriatus

C52 Psorophora howardii

C50 Coquillettidia perturbans “]Coquillettidia (infected)
H39 Culex erraticus

C39 Culex erraticus  |Culex {uninfected)

C40 Culex erraticus

B6 Anopheles punctipennis
H38 Anopheles punctipennis
KRV56827.1 Drosophila nectestacea

Aedes albopictus (infected)

:|C ulex (infected)

Aedes vexans

:|.-5.nnpheles punctipennis



Aedes diversity
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C2 A albopictus Aedes albopictus (infected)
L E1A. albopictus
— Ab Culex guinguefasciatus
ggL——— AV Culex pipiens
C7T A wvexans |
AL A vexans
Ch A vexans
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Ad A vexans
L C3 A vexans
A1 A vexans
C51 A vexans
B1 A vexans
A3 Avexans
— — A4 A vexans
53 L C4 A vexans
79— CH A vexans
——— C493 A vexans |
F1 Ochleratatus trisenatus
C52 Psorophora howardii
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Aedes divers

DNASequences | Translated Protein Sequences |

Ity

Species/Abbry

1. A1 A vexans
2. AZ Avexans

3. A3 Avexans

4. Ad A vexans
5. AB A vexans
6. AB A vexans
7. C3 A vexans
8. C4 A vexans
9. C5 A vexans
10.
11.
12
13.
14.
15.
16.
17.
18.
19.
20.
21.
22
23.
24.
25.
26.
27.
28.

Ch A vexans
CT A vexans
B1 A vexans
C49 A vexans
C51 A. vexans

D2 A. albopictu
11 A albopictus
D1 A albopictu

C1 A albopictu
D3 A albopictu

H1 A albopictu

G1 A albopictu

G2 A albopictu

4
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E2 A. albopictu:
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ATACETCETTEITTTGABcCAATTGGAGGHGG
ATAClTCETTETTTcABccaaTTeoaccllce
ATACHllTCETTEITTTcABccaaTTeeAGellGE
ATACElTCETTEITTTGABccaaTTGGAGGEGG
ATACETCETTEITTTGABccaaTTGeGAGGEGG
ATACHllTcCETTETTToABccaaTTeeAGellGE
ATACETCETTEITTTGATCCAATTGGAGGHGG
ATACElTCETTETTTGcABCCAlTEGccAcclGe
ATACHlTCETTETTTeoABccaaTTeGllcaGGe
ATACHlTCEBTTEITTTcABccaaTTGoAGGlGE
ATACHTCETTEITTTGABCCAATTGGAGGGGG
ATACHllTcCETTETTToABccaaTTeeAGollGe
ATACHlTCEBTTEITTTcABccaaTTGeoAGGlGE
ATACETCETTEITTTGABccAAaTTeGAGGEGG
ATACATCTTTTTTTGATCCAATTGGAGGGGG
ATACATCTTTTTTTGATCCAATTGGAGGGGG
ATACATCTTTTTTTGATCCAATTGGAGGGGG
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* Alignment of all Aedes sequences illustrates difference in genetic variation between

and infected with Wolbachia

mosquitoes uninfected



Culex infected vs. uninfected
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B2, B3, C1, D1, D2, D3, E2, E3, E4, G1, H1, I1 A. albopictus

C2 A albopictus Aedes albopictus (infected)

E1 A albopictus

AB Culex guinguefasciatus
AT Culex pipiens
C7 A wexans ]
A5 A vexans

CB A vexans

A2 Avexans

A3 A vexans

C3 A vexans

A1 A vexans

C51 A vexans

B1 A vexans

A3 Avexans

Ad A vexans

C4 A vexans

ChH A vexans

CA9 A vexans |
F1 Ochleratatus triseratus

C52 Psorophora howardii

C50 Coquillettidia perturbans ] Coquillettidia (infected)
H39 Culex erraticus

C39 Culex erraticus  |Culex {(uninfected)

C40 Culex erraticus

B6 Anopheles punctipennis
H38 Anopheles punctipennis
KRT56827 1 Drosophila neotestacea

:|Culex (infected)

Aedes vexans

:|Annpheles punctipennis

R



Infected mosquito diversity

St
B2, B3, C1, D1, D2, D3, E2, E3, E4, G1, H1, 11 A. albopictus

C2 A_ albopictus
94 L E1A albopictus

——  Ab Culex guenquefasciatus

53

g9l AT Culex pipiens
C50 Coguillettidia perturbans

KRT56827.1 Drosophila neotestacea

Observed Wolbachia-positive
mosquito diversity



Infected mosquito diversity
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B2, B3, C1,D1, D2, 03, E2, E3, E4, G1, H1, I1 A, albopictus
C2 A_ albopictus

A

A

E1 A albopictus

A

AB Culex guenguefasciatus <
AT Culex pipiens <«

—» A6 Culex quenquefasciatus

»

» A7 Culex pipiens

C50 Coguillettidia perturbans <
KRT56827.1 Drosophila neotestacea

Observed Wolbachia-positive

mosquito diversity

» B2-I1 A. albopictus ————
» C2 A. albopictus ——

» E1A. albopictus ——————

» C50 Coquillettidia perturbans
KR756827.1 Drosophila neotestacea

Expected Wolbachia diversity



Infected mosquito diversity

B2, C1, D3, E1, E3 A. albopictus

—» E4 A. albopictus
11 A. albopictus
6 Culex quenquefasciatus
H1 A. albopictus
E2 A. albopictus
G1 A. albopictus ——1

k2

B2, B3, C1,D1,D2, D3, E2, E3, E4, G1, H1, I1 A, albopictus
C2 A albopictus
34 L E1A albopictus

— AB Culex quenguefasciatus

33

B3 A. albopictus

99— AT Culex pipiens

D1 A. albopictus

C50 Coquilletidia perturbans —o— d C2 A. albopictus
C50 Coquillettidia perturbans

KR756827.1 Drosophila neotestacea JN384089.1 Macrosiphium euphorbiae

Observed Wolbachia-positive Observed Wolbachia diversity
mosquito diversity



Conclusions

e Selective sweep among infected Aedes mosquitoes

 Wolbachia influences evolution of infected mosquitoes so they
appear more related to other infected mosquitoes than uninfected

mosquitoes within the same genus
e Potential for horizontal transmission of Wolbachia (water mites)



Future Research

* More mosquito samples and sequences to further support/reject co-
evolution and relatedness of infected species

* Nuclear genes or strain specific primers to clarify effect of Wolbachia
on mosquito evolutionary history

* Possible future screens for arboviruses in locally collected mosquitoes
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