Mechanicaland chemicalcuesregulatng egg-
laying m Aedesaegyptimosquitoes

Ben Matthe ws
Assistant Professor, Zoology

Unive rsity o f British Columbia, Vancouver

Vector Revolution
December14, 2022



Neumwethology:
the study of the neuralbasis of na tura lhstic
behaviour
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ow doesa genome encode the
capacity foradaptive behaviors?

How doesthe nervous system
implementthese behaviors?






\%



What sensory cuesdo containerbreeding mo squito e s use

~ to choose where to layeggs?
Ele vated relative

e midio do rants .

Visualcues
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Aedesaegyptishow dose-dependent aversion to egg-layng in

, seawater
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An egg m the rmough: surface texture guidesegg-laying

smooth

agarse gelpattemed with sandpaper

Aleksandra Anoshina, Biolo gy Honours 2020-2021
(w/ allstarundergrads lauren Semkow, Annie Zeng, Parsa Seyfourian) =




Surface texture guidesegg-laying decisions
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n = 9-26 percondition .
ANOVA (Kruska -Wallis), e ffect of partic le size p < 10-22 Aleksandra Anoshina



Acomparative approach to understanding
behavioraland physiologicaladaptationsacross
mosquitoes

Aedes Aedestogoi
aegypti

Kaemeretal, 2015




A comparative approach to understanding
behavioraland physiologicaladaptationsacross
mosquitoes

Aedestogoi

Peach and Matthews
bio Rxiv 2019; J. Insect Sci 2020




Aedestogoimosquitoesinhabitcoastalrockpools
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Aedestogoihabitat Oma Phelan, M.Sc. stude
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Canada notches first 40°C temperature of

British Columbia 2022 as high heat persists
More than a billion seashore animals may have pigital writers

cooked to death in B.C. heat wave, says UBC The Weather Network
researcher m _
f v 2@ & in Thursday, July 28th 2022, 4:51 am - A hard-hit town in British Columbia became the first spot in Canada

to reach 40°C so far this year—and the heat isn't over yet.

Shorefine temperatures above 50 C and low tides led o mass deaths of mussels,
clams, sea stars

YARCOUYEHR | News

B.C. town breaks 105-year-old temperature
record amid cold snap
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Survival (%)

Aedestogoilarval survival sugge sts
mcreased tolerance to seawaterlke
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sa lne solutions
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Aedestogoiegg-laying preference does
nottrack with mcreased physiological

. tolerance
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Conclusions: partl

* Mosquito egg-layng behaviouriscnticalfor
reproduc tive fitness and islnked to larval
physiology

cAedesaegyptiegg-laying isinfluenced by
sub strate texture and salt

*Aedestogoimosquitoesinhabitcoastalrockpools
and cantolerate very high salt c onc entrations

*Aedestogoiegg-laying preference doesnot
c hange with the same magnitude aslarval

physiology



Part II:
Using geneticsto determrmine the logic of taste in the mo squito
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Aedesaegyptiisnow a tractable genetic
syste m

*Sequenced, assembled and
physically mapped genome

 Comprehensive transcrnptomic data:
e Gene expression in spec ific tissues
e Genesregulated by behavioralstate

e Ffficient and precise genome-editing
* Iossof function mutagenesis

* Hexible genetic accessto specific cell
types Mic hael Morgenste m

Kistler, Vosshalland Matthews, biorXiv 2014; CellReports 2015
Matthewsetal, bio Rxiv 2015; BMC Genomics 2016

Ma tthe ws*, Dudc henko*, Kmgan®etal bio Rxiv 2017; Nature 2018



Developing a genetic toolkit fornon-traditionalmodel
0 IZ anisms

Wild-type Aedes aegypti mosquito
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Generating cell-type-specific dnverlne s with CRISPR/Ca s9

sgRNA
| |
B | | | E“'--.__ |v._F‘ il | )
— i QF2 B
(@F2) T2A
Visualize calcium levelsthat Membrane-tethered GEFP
comelate with neuralac tivity To visualize cellularanatomy

Ma tthe ws*, Younger*, Vosshall bio Rxiv 2018; e Life 2019



ppk301 mutant mosquitoesshow altered fresh/saltwater

choice
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ppk301lisexpressed in sensory neuronsoftissuesthatcontact

ppk301-2A-QF2 > dTomato




ppk30l-expressing sensory neurons project to c entral ta ste

centers
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Developing an maging preparation formo squito VNC
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Celsexpressing ppk301 respond to freshwaterand saltwater

mOsm NaCl
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The broaderneurmanatomy ofAedesaegyptitarsal
ta ste

BRP-QF2>d o mato-T2A-GCaMP6S
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So lving a chemosensory puzzle: which receptors are
expressed m whatcellsin the taste system?

H
wirl Oz

Y e SIS
>

i

Dissociate —Isolate — Punfy — Sequence > 5

*
Inspired by the INTACTapprmach (Henry and Eddy) A?A

and cell-type-specific transcriptomicsofsensory neuron nuclei(McIaughln, Iiand Ino) Ieisl Bre wste r



Conc lusions

* Sensory neurons spread across mosquito tissue s
convey information about the outside world to inform
behaviour

* Mosquito egg-laying behaviouriscnticalfor
reproduc tive fitne ss

cAedesaegyptiegg-laying isinfluenced by substrate
te xture and salt

cAedestogoimosquitoesinhabitcoastalrockpools
and cantolerate very high salt c onc e ntra tions

* Genetic toolsallow usto profile the anatomy, func tion,
and gene expression of specific sensory neuron cell

types
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Preference index of Aedes aegypti (Orlando) females by texture
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