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The first phylogenies
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The first phylogenies
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The advent of molecular phylogeny
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The advent of molecular phylogeny

Stramen
Fungi

Metazoa

Plants

Protists

Archaea

Bacteria 18S rRNA
Sogin, 1991
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Molecular phylogeny of eukaryotes







How many protist species?

ENVIRONMENTAL MICROBIOLOGY

VIEWPOINT

Global Dispersal of Free-Living Microbial
Eukaryote Species

Small size = ubiquity =
low genetic diversity =
few species?

SCILLCA WILIDL UIC OPPOrLUIILy 01 CvOoluLlondry
diversification because they were never re-
stricted by geographical barriers.

BLAND J. FINLAY'* AND TOM FENCHEL?

~1 mm
log{Length)




How to study microbial diversity?

A solution...

The problem...

PCR amplification of rRNA genes
directly from environmental samples

I
A,

.......... 2

“The Gret Plate o

Count Anomaly” Sequence comparison
Construction of phylogenetic trees



Molecular surveys of microbial diversity

'RNA gene sequencing from non-cultured species
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Marine protist diversity
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Small freshwater systems

¢~ 3 billion lakes 100-1000 m?

* Highly diverse

e Little inertia — strong influence of
environmental conditions

* Ecologically important — very

active, CO, fixation
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Methods

Water samples > Physico-chemical parameters
5 ecosystems, monthly, 2 years - In situ: pH, diss. O,,salinity, temperature

-Lab: DOC, chlorophylla, NO;, NO,, PO,*, NH,*

Sequential filtration — 30 um, 5 pm, 0.22 pm - Climate variables at regional scale
DNA purification

PCR amplification 18S rRNA gene fragments

454 pyrosequencing Roche FLX Titanium > CI!IT“A!TIJLlﬂ!AICIT!](!!! g;zr;set?rrrlr;s also 5-30 um

Local bioinformatic pipeline (highly stringent):
- Quality check (short sequences,errors in MIDs or primers)
- AmpliconNoise (Quince etal, 2011 — remove additional errors)
- Clustering: operational taxonomic units - OTUs (98% id.)
- Distribution of OTUs among samples
- Phylogenetic affiliation (SILVA 111 and RP2 databases)
Audl 2012  dveans

- Chimera check (various, incduding semi-manual assessment)

Maads 285590 1,221 380
Retalned 148,540 1,273,748

Community composition

OTus @13 3.742

Multivariate statistical analyses



Spatial distribution of small protists (<5 pum) — April 2012
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Simon et al., in press



Spatial distribution of small protists — April 2012

812 OTUs (total)
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24 months: contrasting communities

3,742 OTUs (total)

Saint Robert

44 6% of the

648 total OTUs
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36.3% of the
1063 total
OTUs
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Non-metric MultiDimensional Scaling
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1o,
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Stress= 0,229

Simon et al., submitted



Large unexplored diversity

Cumulative number of OTUs

3,742 OTUs (total)
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Highly variable taxon dynamics
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Conclusions from molecular surveys:

%

| - Few sequences defining "new phyla"
« Huge diversity within many groups
e R S b e
Small size = ubiquity =
low genetic diversity =

IEICepecis
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Proportion of species

A case study: Micromonas pusilla

Ubiquitous
species

Micro-meiofauna

Species with
biogeographies

*

~1 mm
log(Length)

SSU rDNA
IDNAITS

B-tubulin (+2 introns)
coxl|

rbcL



rDNA+cox! + rbelL
SR
Large genetic diversity, even in presence

of very wide geographical dispersal
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Morphology may be a poor criterion to estimate

the real diversity of microbial eukaryotes :

many Cryptic species exist
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69— E-lineage (CCMP2099) N
-ABC-Iineage (NEPCC29)
D-lineage (CCMP491)
Mantoniella spp.
Mamiella sp.
Bathycoccus prasinus
Ostreococcus tauri
==l _I—_Crus tomastix stigmatica
’ Dolichomastix tenuilepsis
Pseudoscourfieldia marina
Cymbomonas tetramitiformis

1 _:Pyramxmonas australis

‘M. pusilla’ -

Prasinophyceae
(prasinophytes)

(eebje uaaib) eyhydoiojyn

——————) Nephrosefmfs spp.
l: Chlamydomonas reinhardtii
96| 1 Volvox spp. Chlorophyceae

1 — Pedlastrum spp.
— Prasiola crispa

571 I: Chlorella vulgaris Trebouxiophyceae
Prototheca wickerhamii

]l

1= Pinus spp. IR . .
L Araucaria heterophylla % g 35 ety
Zamia spp. 3 § # | Cycadophyta
Cycas spp. 2|2 |34
1 ankgo biloba 215 |5 1 Ginkgophyta
L[~ Zeamays ‘HER G
1 Oryza sativa 5 |2 |€ | magnoliophyta
L Lycopersicon esculentum |3 5 T | (angiosperms)
T’__lr Pisum sativum S ERE
Arabidopsis thaliana g4 -
59 1 Psilotum nudum i
1 _Ephlogfo:ssum spp. Moniliformopses (ferns)
.99 Lygodium spp. 4
1 — Hypnum spp. 1 Bryophyta (mosses)
Marchantia polymorpha Jd 7 Marchantiophyta (liverworth)
Chara vulgaris 7] Charophyta (stoneworth)

Slapeta et al. Mol. Biol. Evol. 2006
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CCMP488

CCMP489
CCMP492
CCMP493
CCMP1723
MBIC10095

s00] CCMP494
—[ CCMP1764
74l cs170

NEPCC29
100
4‘ CCMP1195
73l cs222
100——————— CCMP1646
e CCMP2099
CCMP490
199 ccmp1sas

a3l CCMP491

60
55

94llaq
94

100

100

® lineage A
@ lineage B
® lineage C
@ lineage D
@ lineage E

@
MBIC10095

Widespread species do exist. What is really difficult is to prove is that a protist

species is absent from a particular geographical region
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Endemic species? Looking for "flagship"” species
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Zufall et al., 2013



Endemic species?

Heger et al., 2011
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Cyctichianm porcaturs 220617
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Stichotrichia
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:I Armophorida

e e e arvoralictoa
. Heterotrichea
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Armophorida
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Litostomatea
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+ plankton (0.2-5 pm)
w plankton (=5 pm)
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There is a huge diversity of
unicellular eukaryotes that

remains to be explored



Conclusions

 Most of the genetic diversity of eukaryotes is found
among protists

« Known species only represent a small fraction of the
whole diversity (e.g., many picoeukaryotes unknown)

* A single morphospecies may be composed of a large
number of cryptic species



