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Dramatis Personae

Source: GEOHAB Rep. 1 (2001)

V4
Acartia hudsonica



Grazer Toxin Resistance
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e Toxin biomagnification?

e Grazer control of HAB?



e Resistance:
— Real

—Important for bloom control
and toxin transfer in food web

e But bloom control and toxin
transfer tied both to genetics &
mechanism(s) of resistance
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Prediction:

Natural Selection: Enhanced fithess in
historically exposed grazer populations.



Hypothesis Test: Differences
Among Copepod Populations
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Common Garden Experiments

- Phenotypic variation = genetic (G) + e 'ron(E) + K E



Evidence for Resistance

 Enhanced performance (ingestion
and egg production) in historically
exposed copepod populations.

* No fitness (1) penalty in historically
exposed population, but significant
penalty in unexposed population.

o Genetic selection experiments with
unexposed populations.



Interpopulation Differences

Reproductive Response
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e Southern populations: Lower feeding and reproduction.
 Results consistent with resistance hypothesis!
* Not due to physiological compensation




Grazer Control

Resistant copepod population can
keep Alexandrium growth in check
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Grazer Co

Resistant copepod
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But Why Do Toxic Blooms
Persist in the Presence of
Resistant Populations?

Linmol Oceanagr., SH5), 2007, 000000
@ 2007, by the American Society of Limnology and Oceanography, Inc.

Newly discovered reproductive phenotypes of a marine copepod reveal the costs and
advantages of resistance to a toxic dinoflagellate

David E. Avery and Hans G. Dam
University of Connecticut Department of Marine Sciences, 1080 Shennecossett Rd.. Groton. Connecticut 06340

Abstract

We document for the first time toxin-resistant reproductive phenotypes of copepods and we describe a novel
procedure to identily these phenotypes. Individual copepods ol the species Acartia hudsonica were raised on two
diets: a standard nontoxic diet and a diet contaming the toxic dinollagellate Alexandrium fundyense, both ollered
at nonlimiting concenirations. Resistant individuals were delined as those that survived on the toxic diet. We
examined several life-history characters, including survivorship, age at metamorphosis, age at maturity, fecundity,

we calculated the hitness of each phenotype on each diet. We also calculated the cost and advantage associated
with resistance. On the standard diet, one phenotype had 46% lower litness than the phenotype with the highest

maximum relative [tness on the toxie diet and reduced relative litness on the standard diet. From these results, we
argue that resistance 1s conlerred by a simple genetic system showing heterozygote advantage and leading to
a polymorphism for resistance. Such a polymorphism will prevent the fixation ol resistance alleles in natural
populations. It may also confound the interpretation ol typical experiments that measure average population
responses.




Resistant Reproductive Phenotypes
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Phenotype Fitness

Differential
survivorship
between diets Phenotype

iIncluded by
assuming that

each cohort

started with

identical F120
frequency of
phenotypes and F180
weighting

phenotype F240
fitness

_ Weighted
Fitness Fitness
Standard Toxic Standard Toxic
FO Mean 0.658 0.210 0.658 0.066
n 16 5
S.D. 0.527 0.469
S.D. 0.013 0.016
Mean 1.181 1.167 1.181 0.729
n 8 5
S.D. 0.011 0.008
Mean 1.192 1.188 1.192 0.446
n 8 3
S.D. 0.01 0.01
Mean 1.219 0.000 1.219 0.000
n 1 0
S.D.

accordingly.




Relative Fithess Phenotype Cost
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Relative Phenotype Fithess
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Q - Resistance:
Higher Toxin Transfer?
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Greater toxin ingestion, but not
accumulation in resistant population !




Resistance Mechanism

®Saxitoxin binds el il
and blocks sodium i ' |
lons from flowing
into cell

®Nerve signal
prevented

®Paralysis ensues

Source: Tim smith@
http://www.chemsoc.orqg/




Saxitoxin Resistance In Clams
Bricelj et al. 2005
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Saxitoxin Resistance In Clamsk

® Single nucleotide
substitution at
STX receptor site

® Similar mutations
cause resistance
INn Insects

Species (comman name

Rattus norvegicus (rat)
Takifugu pardalis (puffer fish)
Drosophila melanogaster (fly)
Lofigo opalescens (squid)
Aplysia californica (sea hare)
Bdelloura candida (flatworm)
Cyanea capillata (jellyfish)
Mya arenaria sensitive

Mya arenaria resistant

RLMTQDFWEN
RLMTQDNWES
RLMTQDEWED
RLMTQDYWEN
RLMTQDFWEW
RLMTQDEWED
QVCTLDYWES
RLMTQDYWEN
RLMTQDYWEN

RVLCGEWIBT
RILCGEWIET
RVLCGEWIES
RVLCGEWIES
RVLCGEWIES
RVLCGEYIES
RILCGKWIEP
RVLCGEWIES
RVLCGEWIPJs

Domain Il
VATFKGWMDI
IATFEGWMDI
VATFKGWIQI
VATFRGWINI
VATYKGWIDI
VATFKGWTDI
TATLEGWFEE
VATYKGWIDI
VATYKGWIDI

Domain IV
ITTSAGWDGL
ITTSAGWDTL
MSTSAGWDGV
MSTSAGWDGV
MCTSAGWSDV
ISTTGGWHSV
ISTAARGWHGV
MCTSAGWDGV
MCTESAGWDGYV




Multiple Amino Acid Sequence Alignment

Bivalvia AAX14719 I DNFNKQKKK---AG-SLEMFMTEDQKKYY
Sea hare AAC47457 I ENFNSQKKK---AGGSLEMFMTEDQKKYY
house fly AAB47605 I DNFNEQKKK---AGGSLEMFMTEDQKKYY
fruit fly AAB59195 I DNFNEQKKK---AGGSLEMFMTEDQKKYY
Acartia hudsonica type 1 I DNFNEQKKK GGSLEMFMTEDQKKYY
Acartia hudsonica type 2 I DNFNEQKKK---AGGSLEMFMTEDQKKYY
German_cockroach AAC47484 I DNFNEQKKK---AGGSLEMFMTEDQKKYY
house mouse CAA70325 I DNFNQQKKK---LGGQ-DIFMTEEQKKYY
human_BAA78033 I DNFNQQKKK---FGGQ-D IFMTEEQKKYY
flatworm_ BCU93074 I DNFNVQKKK---VGGSLEMFMTDDQKKYY
Squid_AAA16202 I DNFNQQKKG---AGGSLEVFMTDDQKKYY

Work by Lihua Chen
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Novel Mutation

Mutation near
Inactivation gate

Hypothesis:
added length to
arm of gate
may cause a
leaky channel : ;
(fitness Activated Inactivated
advantage)

Source: Tim Smith@
www.chemosense.org
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Mutation near
Inactivation gate

Hypothesis:
added length to
arm of gate
may cause a
leaky channel
(fitness
advantage)
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e Resistance:
— Real

—Important for bloom control
and toxin transfer in food web

e But bloom control and toxin
transfer tied both to genetics &
mechanism(s) of resistance
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