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Symbiosis - Eukaryogenesis
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Symbiosis - Eukaryogenesis

Prometheoarchaeum syntropicum

Imachi et al. (2020): Nature




Symbiosis - Eukaryogenesis

* Prometheoarchaeum syntropicum, syntrophy hypothesis
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Symbiosis

» Central driver for evolution across the entire tree of life

HS - Syntrophy hypothesis
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Symbiosis — primary endosymbiosis

Loss of Phagocytosis
Plastid origin
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Yoon et al. (2006): Curr. Biol.



Symbiosis

» Central driver for evolution across the entire tree of life

HS - Syntrophy hypothesis
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Symbiosis - first land plants

-

Cooksonia barrandei

ibertin et al. (2018): Nature Plants



Symbiosis - first land plants

Cooksonia barrandei
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Symbiosis - first land plants

© Debbie Maizels



Symbiosis

» Central driver for evolution across the entire tree of life
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Phototrophic symbioses

Generally macroscopic hosts nutritionally dependent on microscopic
endosymbionts providing organic carbon produced by the photosynthesis
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Phototrophic symbioses

* Lichens
» Dominate 8% of the Earth's land surface
» Impacting global fluxes of carbon and nutrients
» Soll stabilization and development
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Phototrophic symbioses

« Corals
> Cover 0.17% of the ocean surface

» Coral reefs as important planetary biodiversity hotspots
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Phototrophic symbioses

-

« Coral bleaching
> The loss of |T}tracfe|]ula;\br'gnsymb|onts
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Phototrophic symbioses

« Coral bleaching
» Great Barrier Reef — five massive bleaching events
» The number of corals has declined by more than 50% since the 1990s

Il Most severe bleaching [l No or negligible bleaching
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Phototrophic symbioses

« Decrease of lichens in Arctic ecosystems, climatic changes
» Dramatic decline in reindeer populations in recent years
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Figure 2. The current and peak estimates for migratory tundra wild reindeer/caribou herds for -
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Phototrophic symbioses
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Horizontal transmission

The majority of heterotrophic hosts disperse without their symbionts by
sexually propagated offspring, and thus have to re-establish the
symbiotic state at each reproductive cycle

Sanders et al. (2014): Am. J. Bot.



Horizontal transmission

« The majority of heterotrophic hosts disperse without their symbionts by
sexually propagated offspring, and thus have to re-establish the
symbiotic state at each reproductive cycle
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Vertical transmission

« Co-dispersal of both symbionts

Sanders (2014): Am. J. Bot. Chakravarti et al. (2019): Front. Microbiol. |




Enormous disparity in species richness

* Lichens:
» ~ 17,000 host species
» ~ 233 algal symbiotic lineages
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« Corals:
» ~ 6,000 host species

» ~ 200 algal symbiotic lineages
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High specialization of symbionts

) Strong algal host SpeCIfICIty Bongaerts et al. (2013) BMC Evol. Biol.
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Figure 2 Distribution of Symbiodinium ITS2 profiles across the five agariciid host species and depths. Each pie chart represents the
sampled population of a host species at a certain depth. Asterisk (*) indicates a P4 profile that had an additional C1 band. Figure legend text.
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High specialization of symbionts

Narrow ecological niches of algal symbionts
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High specialization of symbionts

» Strong algal host specificity Annual Mean Temperature (°C)
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Multiple symbionts
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Multiple symbionts

9 months

Pocillophora
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Pettay et al. (2011): Mol. Ecol.



Symbiont switching
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Symbiont switching
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Habitat adapted symbiosis

Core (vertical transmission) and fringe (horizontal transmission) species
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Habitat adapted symbiosis
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Habitat adapted symbiosis

Avoiding coral bleaching by a symbiont switch?
» Invasion of the Caribbean, heat-tolerant symbiont in the Gulf of Mexico
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Habitat adapted symbiosis

« Only 23% of coral species host multiple symbions
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Revolution in symbiosis research

Basidiomycete yeasts as a third partner in lichen symbiosis?

Agaricomycetes -
Tremellomycetes -
Wallemiomycetes - Agaricomycotina
Basidiomycota Dacrymycetes -
Geminibasidiomycetes -
Pucciniomycetes - iniomycotina
Microbotryomycetes -
Cystobasidiomycetes -
Agaricostilbomycetes -
Mixiomycetes
Ustilaginomycetes
Ascomycota Malasseziomycetes
Exobasidiomycetes
Sordariomycetes
Eurotiomycetes
Dothideomycetes
Leotiomycetes
Lecanoromycetes
Orbiliomycetes
Pezizomycetes
Xylonomycetes
Neolectomycetes
Saccharomycetes
Schizosaccharomycetes
Taphrinomycetes
Pneumocystidomycetes
Mucoromycota
Microsporidia
Zoopagomycota Early diverging
Chytridiomycota lineages
Blastocladiomycota
Neocallimastigomycota
Cryptomycota

Pezizomycotina

Spribille et al. (2016): Science




Revolution in symbiosis research

* Yeasts not omnipresent, much less lichen-specific than the included algae
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Revolution in symbiosis research

« Corallicolids — a third partner in coral symbiosis?
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Revolution in symbiosis research

« Corallicolids — a third partner in coral symbiosis?
» Chlorophyll genes with unknown function (survival at low-oxygen
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Paradox |.

Contrasting diversity of differently dispersed symbionts?

Hosts that maternally transfer symbionts to their offspring (vertical dispersal)
might be expected to contain less diverse symbionts than hosts which are
required to obtain them environmentally (horizontal dispersal).

vertical dispersal horizontal dispersal



Paradox I.
The mode of symbiont dispersal does not affect symbiont diversity
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Paradox I.
The mode of symbiont dispersal does not affect symbiont diversity
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Paradox |.

The mode of symbiont dispersal does not affect symbiont diversity
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Paradox I.
The mode of symbiont dispersal does not affect symbiont diversity

* Why do hosts maintain vertical dispersal of symbionts?

» Need to convince the symbiont to travel with the host

» Need to form specialized structures

» The propagules are heavy, produced in less quantities in comparison with
sexual offspring

soredia fungal spores
(vertical dispersal) (horizontal dispersal)

<= upper fungal layer
:._). <= algal layer

, <= lower fungal layer



Paradox I.
The mode of symbiont dispersal does not affect symbiont diversity

* Why do hosts maintain vertical dispersal of symbionts?

» To win the battle against other symbionts in a local space

% F
® 0. Peksa.




Paradox I.
The mode of symbiont dispersal does not affect symbiont diversity

. '._'.“I:’: - : " 11'}" -l ) ._-
ol ~:,,i;,9hmurfa?5t4eti (ZQ@ Bryolgglst“

bt A TR Nl

Parmotrema tinctorum- vertical dispersal H#



Paradox I.
The mode of symbiont dispersal does not affect symbiont diversity

« Exceptionally high diversity of symbionts for a vertically-dispersed lichen (23 genotypes)
« Long dispersal? Fungal fusion?
Fugs
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Fungus A
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Ohmura et al. (2006): Bryologist




Paradox |.

The mode of symbiont dispersal does not affect symbiont diversity

pH (amount of Ca0)
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Peksa et al. (2022): FEMS Microb. Ecol. (in press)



Paradox I.
The mode of symbiont dispersal does not affect symbiont diversity

A number symbionts were found exclusively in horizontally-dispersed lichens!

Core species do not act as symbiont distributors
Rejecting the fungal fusion theory

Number of samples:

Number of associations:
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Peksa et al. (2022): FEMS Microb. Ecol. (in press)



Paradox I.
The mode of symbiont dispersal does not affect symbiont diversity

* No long dispersal
* No fungal fusion

« Symbiont switch to locally-adapted alga!
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Photobiont exchange
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Ohmura et al. (2006): Bryologist




Paradox II.

Symbiont switch to locally-adapted alga?

* Hosts are selecting their algal symbionts from a regional pool of free-living
algae, preferring well adapted local genotypes

vertical dispersal horizontal dispersal



Paradox II.
Host symbionts are physically absent in the environment
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Paradox II.
Host symbionts are physically absent in the environment

* No overlap between endosymbiotic and free-living communities of symbionts

>3

() endosymbiotic

@ free-living

| change

PR 1 6o

Coconutlsland,

AL Ak

Hawali Pochon et al. (2010): J. Phycol.




Paradox II.

Host symbionts are physically absent in the environment

foraminifera.eu

Pmax = 1329 Lm
100um

Heterostegina

Omex = 750 um e Lee et al. (1989): Micropaleontology




Paradox II.
Host symbionts are physically absent in the environment

« Symbiosis dynamics on river gravel bars . A. Roseg Valley, Switzerland
« Selected plots - sequencing all endosymbiotic
L Stereocaulon
and free-living algae

Plot 4 i Plot 5 3 Plot 6 -

endosymbiotic algae (505,739 sequences)

N
i @ Uy

free-living algae (107,341 sequences)

Asterochloris B Sanguina
Bracteacoccus B URa25
Coelastrella URa28
Myrmecia B Clade xvi
Parietochloris others

Pseudochlorella



Paradox II.
Host symbionts are physically absent in the environment

How do hosts acquire their symbionts from environment?
— Young lichen hosts are extremely unspecific
towards their symbionts, their hyphae even
encircle glass beads in the same manner as algal [

cells ¢
Ahmadjian & Jacobs (1981): Nature
26 27
-
( *” 2
. N ,.." ’
_/\ -,’">" % I" .
: - 's‘:"§t‘;‘ \ %
Pyt - '.‘74(
N e \.-’m 5 o
\ L
‘. ,‘~ 1 d 5 x ': 9 f
_ -l TRl 3 : o
s :’ . l"é‘ !
..

Sanders et al. (2014): Am. J. Bot.



Paradox II.
Host symbionts are physically absent in the environment

 How do hosts acquire their symbionts from environment?
— Young corals may attract algal symbionts by emitting green fluorescence
under daylight conditions (strong blue light), using GFP

B In white light
Duration of time for blue light exposure (min) after 10 min

blue light

2 4 7 ~ 10 exposure

1 Blue T Green Red Dark  Sunlight

1 [ Control
4 k¥ B3 GFD

Accumulation of
Symbiodinium cells
(relative to initial density)

O =~ NWPH OO N ®©

3 20 60 3 20 60 3 20 60 O 20 60 250
Light intensity (umol photons m2s-1) Aihara et al. (2019): PNAS



Paradoxes of lichen symbiosis

Lichens have two types of dispersal propagules, one of them not being used for
dispersal

The fungal hosts are freguently forming symbiotic associations with algal partners,
which are
» physically absent in the environment

» not co-dispersed with their host
» absent in co-occurring vertically-dispersed lichens (so called core species)



Let‘s build a lichen!

 Atrtificial lichen synthesis using pure fungal and algal cultures



Fungal and algal pure cultures
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A mass of predominantly algal cells with a few interwoven fungal hyphae



Fungus starts to take over



Usd

. ) . ’ . | - ‘, &
Fungus forms a superficial layer enclosing the algae inside <




Transfer on the soil, development of rhizine-like structures
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