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SAR11 / RJbiqueis a dominant
heterotrophin oligotrophicsurface
regions

A Small size !
i Cell volume 0.02§ 0.045>m3
I Periplasmispace 2% 35% volume
I Nucleoidtakes up approx half volume

A Transport functions dominate proteome (Sowethl 2009)

A Streamlined metabolism
I Can synthesize all 20 amino aci@syvannonetal (2005)

A Ecotypes show local environmental adaptations
I Requirements for reduced sulphagDMSP (Tripptal 2009)

I Proteorhodopsir(light-dependent proton pump§siovanonnetal
(2005)

I Glycolysigability to use sugars) preferentially found in richer coastal
regionsSchwalbacletal (2009)

Nicastro etal (2006)
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ALOHA Church etal (2009)
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Prochlorococcus SAR11 tliazotrophsprovide a
modeloligotrophicecosystem, demonstratingnulti-
nutrient limitation (including Fe)
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Surface ocean oligotrophs show metabolic
diversity beyond autotrophy and heterotrophy
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Genome size (Mbp)
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What evolutionary concepts do we
need?
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Metazoan gene expression and adaptation: CaM and BMP4
aAdylrftftAy3a O2yaNRt o0SI] Y2

Flexible modification of a Grant & Grant (2002)

conserved body plan Molecular-biological level
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a
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Beak morphology (and body

Abzhanov etal 2006 size) adapt to environmental
change (eg drought)



The process of prokaryote evolution Is
different to that of multicellularlife

Bacteria Archaea Eucarya
nom sufar sl Multicellular
fstan E ..
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Fric trarmanad
Theumolopales
Prokaryotes e T
Pan-genome and HGT
Simple form

Flexible metabolisms

HGT

Surface-
dwelling
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Understanding what is conserved and what is evolved I
key to representing evolution in models

i B
AYSé FT2NJ LINR{1IINEB20GSAaY
| Conservedore metaboligprocesses
I Flexible linkage

A Key formulticellularlife:
I Conserved body plans, modular variation
I Compartmentalisation
I Exploratory behaviour & self organisation
iW. FftRGAY STFFSOUQY IlbdhOf
exercise the same mechanisms and pathways
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Representing evolution In marine
ecosystem models

Physical environment
-Light, T
- Nutrients

- Trace elements

(traits with tradeoffs)

- Major clades

Selection

Replication with
variation:
HGT / Sex

Mutation /
Emergent properties
/@ -Ecotypes

- Metabolic functions gutotroph

T YAE2GNRLKTKS
--Biogeography and communit
structure

(diagram after
Follows etal)




Evolvable representations of
marine microbes for ADAM

0 LEVEL Shuter(1979)
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Artificial genome controls resource
Investment in modular metabolislocks
and cell structure
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Physiology: sizéetermines diffusiodimited
nutrient uptake

Diffusion-limited uptake ©~ cr
Cell quota B
Growth rate cl/r?
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limit Tambi etal (2009)
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mass fraction

Physiology:

cell mass fractions

structural constraints determine
minimum size

Autotroph optimal growth d-1, 250 E PAR

(with additional thyakloid membrane)

membranes
dna
tot struct

0 » K '
10
cell radius um

P. Ubique !

Consistent with Sowell (2009) 1 i
transport functions dominate |
SAR11 metaproteome
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Cellular economics: Coebenefit
determines ecotypes and adaptations

biomass in an enzyme pathway m
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How much of prokaryote ecotypes, physiology

and ecology can

we explain as emergent

properties of conserved metabolic blocks and
structural constraints?

A Reproduce ecotypes as emergent properties
A Capture ecotype distribution

A Examine HGT and
A Reproduce known

[bevolutionary res

viral impacts
pniogeochemical patterns

poNnse




Additional discussion points (not
covered In talk)



Copiotrophs vs oligotrophs can be classifed
based on (meta)genomes alone (Lauro etal 20C

Table 1. Physiological characteristics of the model copiotroph P. angustum 514 and oligotroph 5. alaskensis

RB2256

Physiological characteristic P. angustum 514 S. alaskensis RB2256

Trophic strategy Copiotroph Oligotroph

Growth strategy Feast and famine Equilibrium

Cell size Large (=1 um?3) Small (<0.1 pwm3)

Maximum growth rate =1h™! =0.2h™

Growth rate dependence on media richness Yes MNo

Starvation cross-protection to high levels of other stress Yes No
inducing agents

Growing cells inherently resistant to stress inducing agents Mo Yes

Lag phase after starvation Yes Mo

rpoS-dependent reductive cell division Yes Mo

Consistent cell yield during nutrient limited growth Mo Yes

Pelagibacter ubique HTCC1002

Sphingopyxis alaskensis RB2256 GS000c
\ —& / GS004
GS005
Pelagibacter ubique HTCC1062 H ‘ .‘
> _ i

GSo012

Roseobacter denitrificans OCh114
Roseobacter sp. CCS2

Whale fall 1

Dinoroseobacter shibae DFL12

Anabaena variabilis ATCC29413

Whale fall 2
Whale fall 3

Rhodopirellula baltica SH1
Planctomyces maris DSM8797

Silicibacter pomeroyi DSS-3

Flavobacterium johnsoniae UW101

GS000a
Silicibacter sp. TM1040

Flavobacterium sp. BBFL7

Photobacterium angustum S14




Metazoan gene expression and adaptation: CaM and BMP4

aAAYylFftAYy3a O2y GNP

|s evolution (micro &

macro) predictable?

Beak morphology (and body
size) adapt to environmental

change (eg drought)
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1 T
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Year
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Can detailed understanding help?

AShows how beak morphology can be an
independent trait that responds easily to selection
APredict initial adaptation rate? (depends on
heritability vs plasticity of existing observed phenotype

Grant & Grant (2002) variation).

ARange of adaptation? (genetic architecture and
physiology)

AMaintenance of genetic variation (by environmental
variation, mutation)?
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produce modularity

Kashtan & Alon (2005)
see review Wagner etal (2007)
and recent papers from Alon

group

a Fixed goal evolution

(X XOR Y) AND (Z XOR W)




