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Measuring genetic variation

e Challenges
— Planktonic
— Unicellular

— Individuals from multiple
species can be
morphologically 1dentical

“One can imagine tracking all the individuals 1n a
population.....and evaluating which ones succeed 1n

leaving progeny and for what reasons.”
Jumars, 1993




Ditylum brightwellii - Model Diatom

T. Nagumo, Nippon Dental Univ.



Tracking diatoms over space and time
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Microsatellite Markers in Ditylum brightwellii
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Physiological variation within the diatom species
Ditylum brightwellii
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* Remove environmental variation to examine genetic variation

 Genetically distinct populations are physiologically distinct

Rynearson and Armbrust, 2000, 2004



* Daily surface samples during
course of a bloom (March)

* Monthly surface water samples
collected Feb — June




Spring bloom in Dabob Bay
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» Analyzed 607 single cells, observed 497 different genotypes

* Predict at least 2400 clonal lineages composed the bloom (based on capture-
recapture statistics)

» Blooms do not represent genetic bottlenecks

Rynearson and Armbrust, 2005



* Daily surface samples during
course of a bloom (March)

* Monthly surface water samples
collected Feb — June
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Successive blooms comprised of genetically distinct populations
(F¢;= 0.2) associated with distinct environmental conditions
Rynearson et al. ‘06
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Genetic vanation 1n D. brightwellii

Genetically distinct populations
exist in planktonic organisms
— Each population has own ‘gene pool’

— 1000’s of distinct clonal lineages per
population

— Adaptive potential is high

Production 1s influenced by a combination of
environmental conditions and genetic composition

Export could be affected by differential sinking rates and
grazing susceptibility



* Are high levels of genetic diversity a general
characteristic of phytoplankton?

— Dinoflagellates, Coccolithophorids, Raphidophytes

 How are grazing and disease impacted by
genetic diversity?



Genetic variation & Grazing

Emiliania huxleyi
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Museum, London

(Strom et al, ‘03)

 Differential grazing on E. huxleyi strains by 5 protist predators
* Genetically distinct populations sampled in NE Atlantic and a
Norwegian fjord (Iglesias-Rodriguez et al, ‘06)



Genetic variation & Disease

Heterosigma akashiwo l
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(Tarutani et al ‘00)

« Differential viral infection on H. akashiwo 1solates
« High gene diversities observed in Hiroshima Bay (Nagai et al *06)



Individuals Populations

* Species structure (individuals, populations) can influence
production and export

— Growth rate variation
— Selective predation

— Disease resistance

* Close coupling of populations with the environment

— Bloom dynamics regulated by environment and genetics

— Adaptation to environmental change



Future directions

« How are species connected at local,
regional and global scales?

— Connectivity, gene flow and migration

« What kinds of adaptations characterize
different populations?
— What is the genetic basis of those adaptations?
— Response to nutrients, grazing, disease

* How does genetic variation impact
ecosystem structure and function?
— Biogeochemical impacts of diversity
— Food web dynamics

e (Can we predict how environmental
changes will drive natural selection and
set evolutionary trajectories?

— Impact on biogeochemical cycles
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