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Unpigmented protists with flagellaUnpigmented protists with flagella

Mar ine het er ot r ophic f lagellat esMar ine het er ot r ophic f lagellat es

Large phylogenetic and functional diversity behind a uniform morphology

Boenigk & Arndt 2002



Ver y abundant in t he plankt on f r om t he euphot ic zoneVer y abundant in t he plankt on f r om t he euphot ic zone

Unpigmented protists with flagellaUnpigmented protists with flagella

Mar ine het er ot r ophic f lagellat esMar ine het er ot r ophic f lagellat es



Blanes Bay
37 samples

Bransfield 
Strait

Gerlache
Strait

Antarctica
21 samples

Indian Ocean
21 samples

Epifluorescence counts in Epifluorescence counts in 
different systemsdifferent systems

Barents Sea
30 samples

Abundance Abundance 
cells mlcells ml-- 11 33µµmm

Heterotrophic flagellates     850             76%Heterotrophic flagellates     850             76%

PhototropicPhototropic protistsprotists 5000            84%5000            84%



Ver y abundant in t he mar ine plankt on f r om t he euphot ic zoneVer y abundant in t he mar ine plankt on f r om t he euphot ic zone

They play a very important ecological role in marine ecosystemsThey play a very important ecological role in marine ecosystems

Unpigmented protists with flagellaUnpigmented protists with flagella

Mar ine het er ot r ophic f lagellat esMar ine het er ot r ophic f lagellat es
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Ver y abundant in t he mar ine plankt on f r om t he euphot ic zoneVer y abundant in t he mar ine plankt on f r om t he euphot ic zone

They play a very important ecological role in marine ecosystemsThey play a very important ecological role in marine ecosystems

But But in situin situ diversity largely unknown ! ! !diversity largely unknown ! ! !

Unpigmented protists with flagellaUnpigmented protists with flagella

Mar ine het er ot r ophic f lagellat esMar ine het er ot r ophic f lagellat es



List of important marine heterotrophic flagellatesList of important marine heterotrophic flagellates

Boenigk & Arndt 2002



The heterotrophic flagellates in culture, represent those 
dominant in the sea?

ParaphysomonasParaphysomonas

Dominates in 98% of the enrichments in Dominates in 98% of the enrichments in 

US East Coast and Bermuda US East Coast and Bermuda 

Represent <1% in natural samplesRepresent <1% in natural samples

Lim et al. 1999



The molecular appr oachThe molecular appr oach

Cyanobacteria

Bacteria Archaea Eucarya

Thermotogales

Flavobacteria

Purple bacteria

Gram 

positives

Green non-sulfur 
bacteria

Pyrodictium

Thermoproteus
T.celer

Methanococcus

Methanobacterium

Methanosarcina

Halophiles

Entamoebae Slime 
molds

Animals

Fungi

Plants

Ciliates

Flagellates

Trichomonads

Microsporidia

Diplomonads

Moon van der Staay et al. 2001
López-García et al. 2001

Díez et al. 2001

DeLong 1992
Fuhrman et al. 1992

SSU rRNA geneSSU rRNA gene

Giovannoni et al. 1990

Clone libraries with DomainClone libraries with Domain--specific primers and community DNAspecific primers and community DNA



From microorganismsFrom microorganisms
to sequencesto sequences

Microorganisms

Nucleic acids extract

DNA extraction DNA extraction 

PCR product

PCR amplificationPCR amplification

Microbial biomass

Biomass concentrationBiomass concentration
0.2 0.2 -- 3 3 µµmm

Community DNACommunity DNA

Community rRNA genesCommunity rRNA genes



From microorganismsFrom microorganisms
to sequencesto sequences

Microorganisms

Nucleic acids extract

DNA extraction DNA extraction 

PCR product

PCR amplificationPCR amplification

Microbial biomass

Biomass concentrationBiomass concentration

Genetic library

Cloning and sequencingCloning and sequencing

Micromonas pusilla

Mantoniella squamata

Ostreococcus tauri

NA37-1
NA11-1

ANT37-3

ANT37-4
ME1-2

ME1-3
ME1-1

Phylogenetic analysisPhylogenetic analysis



Baldauf 2003

What have we found?

A very large phylogenetic diversity



Novel stramenopiles
MAST

Novel alveolatesHaptophytes

Cryptophytes

Photosynthetic 
stramenopiles

Dinoflagellates

Prasinophytes

Rhodophyta

Chlorarachnea

Choanoflagellates
Cercozoans

Fungi

Oomycetes

Labyrinthulids

Acanthareans

Ciliates

Apicomplexa
Telonema

Blanes Bay (Medit er r anean Coast ) as example



How widespread are novel stramenopiles and novel alveolates?

Mainly heterotrophs

Mainly phototrophs

Novel alveolates

Novel stramenopiles

Blanes Bay

Díez et al. 2001
Moon van der Staay et al. 2001

Antarctica

Mediterranean seaNorth Atlantic

Equatorial Pacific

Massana et al. 2004



Novel stramenopiles

(MAST): 34 clones 

Boenigk & Arndt 2002

0 clones

5 clones

9 clones

1 clones

Blanes librariesBlanes libraries

And what about the known heterotrophic flagellates?

Novel alveolates: 

139 clones 



A closer look at Novel Mar ine St r amenopiles 
(MAST)



Labyrinthuloides haliotidis

IV

VII
VI

V

III

II

I

Achlya bisexualis

Leptolegnia chapmanii
Achlya apiculata
Phytophthora megasperma

Lagenidium giganteum
Developayella elegans

Hyphochytrium catenoides

Blastocystis sp.
guinea pig faeces isolate

Blastocystis hominis
Syluania monomastiga

Cafeteria roenbergensis

OLI11150

OLI11026
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OLI11006
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ME1-21

ME1-22

ME1-17
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Ulkenia profunda
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Phototrophic 

stramenopiles

90/76

91/

100

100

100

100

82/83

/83

100

100
100

100

100

100/92

100

10075/71

/92
100

100

100
77/

Thraustochytrium kinnei

Marine stramenopiles
MAST

Massana et al. 2002

Diatoms, Chrysophytes,Pelagophytes,

Phototrophic Oomycetes

Hyphochytrids

Labyrinthulids and
Thraustochytrids

Fungi-like cells 

Blastocystis group

Opalinids

Parasites

Bicosoecids

Free-living flagellates 



MASTs

Genetic libraries

Phylogenetic diversity
Biogeography



Massana et al. 2004

12 MAST 
lineages
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77% of clones in 
5 MAST lineages



NA11-4
OLI11066
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Design of FISH probes

Cell type and distribution
MASTs

Genetic libraries

Phylogenetic diversity
Biogeography



Design of a Design of a 
phylogenetic phylogenetic 

probeprobe

FISHFISHDAPIDAPI

From microorganismsFrom microorganisms
to sequencesto sequences

Microorganisms

Nucleic acids extract

DNA extraction DNA extraction 

PCR product

PCR amplificationPCR amplification

Microbial biomass

Biomass concentrationBiomass concentration

Genetic library

Cloning and sequencingCloning and sequencing
NS4

ME1.29
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ME1.20

UEPAC05Cp2

OLI11066

UEPACCp4

ENI42482.00212

RA010412.25
HE001005.47

ENI42482.00265

NA11.4

ENI40076.00355

ENI47296.00055
ENI47296.00046

ENI42482.00013
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From sequencesFrom sequences
to microorganismsto microorganisms

Protist of 2.5 Protist of 2.5 µµmm



In situ experiments

Activity and ecological role

Design of FISH probes

Cell type and distribution
MASTs

Genetic libraries

Phylogenetic diversity
Biogeography



Bact er ivor y exper iment s wit h FLBs

DAPI FISH Ingested FLB

MAST- 4



Isolation in pure culture

Characterization of the organism

RA613.2

RA613.1

RA613.36

MAST- 13

RA613.2

RA613.1

RA613.36

Pirsonia sp.

Pirsonia sp.

Pirsonia sp.

Pirsonia sp.

Pirsonia

Kühn et al. 2004. Protist 155: 143

In situ experiments

Activity and ecological role

Design of FISH probes

Cell type and distribution
MASTs

Genetic libraries

Phylogenetic diversity
Biogeography



Isolation in pure culture

Characterization of the organism

In situ experiments

Activity and ecological role

Design of FISH probes

Cell type and distribution
MASTs

Genetic libraries

Phylogenetic diversity
Biogeography

Environmental genomics

Genetic potential

Genes

Physiological properties

Bioquemical paths

Ecological adaptations



Marine protists are important members of the euphotic zone plankton

Its diversity is large and hides many uncharacterized organisms

MASTs account for many unknown sequences in molecular surveys

Each MAST group corresponds to a different cell type

MASTs form a significant fraction of heterotrophic flagellates

Summar ySummar y


