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Strategy

2 - Follow annual change In diversity by
combination of classical and molecular
techniques
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Diversity

* Natural samples
— Clone libraries 18S, 16S
— DGGE
— SSCP

e Cultures

— Flow cytometry




Diversity

e Clone libraries (18S, 16S): 46

e Seqguences (partial 18S, 16S): 1234

e Cultures: 145

October 2001




Eukaryotic picoplankton

Entamoeba Acanthareans

Dictyostelium discoideum o
Kinetoplastida Haplosporidia

Euglenida
Myxomycetesg \\

Vahlkampfiidae

Giardia
Diplomonadida

Microsporidia
.

Trichomonadida
Thermococcus barophilus

Rhodophyceae + Cryptophyceae nucleomorph

Novel red algae?(env.H e000427.214),,,,,,,,:::;;;;;;:iiiii::""""""’"

Cryptophyceae nucleus

Acanthamoeba/ Hartmannella

Apusomonas proboscidea

Higher eukaryotes

o0 Choanoflagellates
Glaucocystophyceae

Chlorophyta

Haptophyta

Polycystinea

Foraminifera
Perkinsozoa

Alveolata Group | (OL111001)
Alveolata Group || (Amoebophyra)

& .
Q\&\Q’ Dinophyta
&
J};.Q Apicomplexa/Ciliates
2,
e’z%. Strameno heterotroph B
&
_ ¢ Stramenopiles heterotroph A
Diatoms _SN—— Eustigmatophyceae
Boli dOph/CG o Raphidophyceae
/| '\ \_ Chrysophyceae
/ \ Phaeophyceae

Dictyoch ophlglceae
elagophyceae

Plasmodiophorida
Chlorarachniophyceae nucleus
env.OL1019 + OL1032

Cercozoa
Schematic tree



Oligotrophic: OLIPAC

Dictyochophyceae ~ Felagophyceae Acantharean
Stramenopiles Stramenopiles

O Stramenopiles O Ciliophora
Alveolata

O Dinophyceae
OLI11032 Alveolata

-Pryrmesbphyceae

Haptophyta

Choanoflagellida

Dinophyceae

Prasinophyceae
Chlorophyta

50% of sequences
correspond to
unknown alveolates

1 Amoebophrya =

mOLI11001
Alveolata

Autotrophs: 23%
Moon et al 2001




Coastal: North Sea: March 2000

Chrysophyceae

Stramenopiles i
Stramenopiles Alveolata

Rhizopoda

He0003xXx.26

Cryptophyceae
Cryptophyta

Prasinophyceae
Chlorophyta
O Ciliophora
Alveolata

Alveolata

Group 1 OLI11001
Alveolata

Group Il Amoebophrya .

LI:I Dinophyceae
Alveolata

Autotrophs: 18%

Valentin unpublished




Coastal: Channel : April 2000

Thraustochytriidae
Labyrinthulida
Stramenopiles

Slopalinida

Dictyochophyceae Stramenopiles

Stramenopiles

O Ciliophora
Alveolata

O Stramenopiles

O Dinophyceae
Alveolata

@ Amoebophrya
Dinophyceae
Alveolata

Rhizopoda——

RA000412.151—
No alveolates

O Cryptophyceae O Mamiellales
Cryptophyta Prasinophyceae
Chlorophyta

- Prymnesiophyceae
- o

Choanoflagellida

Autotrophs: 48 %

Romari unpublished



Coastal: Med Sea : Sept 2000

W Unidentified
Labyrinthulida

Stramenopiles
No ciliates

Group 1 0OLI11001
Alveolata
Chrysophyceae
Stramenopiles
Group Il Amoebophrya
Alveolata

m Choanoflagellida

Rhizopoda

Stramenopiles -

He000427.214

He0003xx.26

Autotrophs: 33%

Massana unpublished



Clones
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Bl Alveolata Ciliophora

B Alveolata Dinophyceae

[ Alveolata Group | OLI11001

Bl Alveolata Group Il Amoebophrya

| Alveolata Perkinsea

B Chlorarachniophyta Chlorarachniophyceae
[ | Chlorophyta Prasinophyceae -«
B Choanoflagellida —<——

Bl Cryptophyta Cryptophyceae

B Haptophyta Prymnesiophyceae

B He000427.214

[ ] Lkm74

B Plasmodiophorida

[ ] Rhizopoda

I Stramenopiles

Stramenopiles Bicosoecida

k35 stramenopiles Bolidophyceae
Stramenopiles Dictyochophyceae

——1 Stramenopiles Labyrinthulida

(1117 Unidentified
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Romari unpublished
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Meochlors aguatica
coccoid/flag CCMP1 189 .
oo e el Prasinophyceae
Chlamydomonas reinbardtin p y
Chlorella minutissima .
Trebouxiophyceae

Nanochlorum eucaryotum Mainz 1
hertfelia GRER Clade IV Chlorodendrales

Tetraselmis striata
| Picocystis salinarum IM124
Picocystis salinaruim S3FB
Picocystis salinarum L7
OLI11345
OLIT1305
Coccoid green alga CCMP1205

Coceoid RCC2R7

Clade VII

OLI11059
Clade VI Nephroselmis

Nephroselmis olivacea SAG 40 89
Pseudoscourfeldia marina? CCMP 717
Pycnococcus provasolii CCMP1203
Pseudoscourficldia marina K-0017
Unident prasing CCMP1198 Clade |

Psendoscourlieldia marving RCC261 Pseudoscourfeldiales

Psendosconrfieldia marina K-0017
Pycnococeus provasolin CCMP1199

.r-\l
u { |
Proudescourfiald ! !
marina Negphroselms Pyenococcus provasolii ROC244
owrilgrmis Pterosperma cristatum
P-"‘m"”n:,““ Prerosperma cristatum
gross Pyrarmimonas disomata
# K Pyramimonas olivacea Clade V
Pyraminomodales

Mamiefla
gilva

Pyramimonas parkeae
Pyramimonas propulsa
Cymbomonas tetramitiformis

Halosphaera sp. Shizugawa
I Micromonas pusilla CCMP 490

Micromonas pusilla CCMP 489
Clade I

Mantoniella antarctica
Mamiellales

Mamiella sp.
Ostreococcus oceanicus ROC143

Bathycoccus prasinos
Mantoniella squamata CCAP1965/1
Osireococcus tauri
Coccoid green alga CCMP1407
Prasinococcus sp. CCMP1202
Prasinococcus sp. CCMPl614 Clade Il
Prasinococeus sp, OCMP1194
Coccoid green alga CCMP1220
coccoid prasinophyte CCMP1413
coccoid prasinophyte CCMP1193

Charophytes

Mitella flexalis
Chara foetida

Picocystis + coccoid

Prasinococcales

Staurastrum sp.

"Gila ucm:y::us"fmsmchmem uim”
Cyanophorh paradoxa * | Glaucoscystophytes

010



env.part. RADDD41 2, B5, 547
env.part. RADOME0S. 36, 546
env.part. RADDD412.120, 546

env. part. RADDDE0DS.15, 545

env. part RAOO0412 115, 544
RCC344, 550
Distreqcocous 190
anv.part. HeOMB03. 46, 545
env. part. RAMN0S1 2.150, 546

1736 , Vindiplaniae Chiorophyia

Ostreococcus oceanicus RCC143, 1713 | [EBI) Chiloraphyta; Prasinophyceas

RCC141, TH1
ey part 1.1, 6745
env. part. RAGDODS 281, 547
Balhyeocous prasings, 1721
eny.part. RADO0412 .85, 547
env.part.RADDO412.56, 54T
anv.part. RANDD4 2.117, 545
anv.part. RADDODS12.74, 546
env.part. RADNDOS41 2.102, 546
env_part. He001005.43, 550
env.part. FaD0041 2,127, 5B
env.part. RADDDA1 2. B3, 544
env.part.RADNDOS1 235, 546
eny.part. RADOOG0S. 34, 545
env.part. HeOD0 3. 28, 501
env.part M1.3, TG
Mamialla sp., 1736 | Vindiplanias Chiorophyia
env.part. NAT1 .1, T22 \
env.par NAIT 1, 6TE
env.part. He000427.213, 548
env.part. HeD00B03 15, 547
env.part. RABDOSOT .56, 547
anv.part. RADO0412.152, 546
env.part RADOO412.157, 546 )
env,part. RAD00412.94, 545
gnv, parl. RADD041 2,97, 542
env.part. He0003xx. 90, 500
Micromonas pusilla CCMP 489, 17130 ,
env. part. A78, 605 J
eny.part. He001005.4, 605
env.part RAOO0412 36, 546
env.part, HeD01005.53, 543
Micromanas pusila CCMP 480, 1726
Mantoniefla squamaia CCAP 19681, 1780
e part M1.2, 618
ey pal ANTAT 3, 741
Mamoniella antarctica, 1734 | Virdiplaniae Chiarophyla
anv.parl.He001005,.14, 566
anv.part.HeO0DB03.65, 550
env.part. RADDOS0T. 19, 548
env.part. RADDD412.37, 545
eny.part. RADD0412,153, 545
env.parl, RADDDSOT. 9, 545
env.part. 807.63, 543
anv.parl ANTAT 4, 735

\

} Bathycoccus

Micromonas |

Micromonas I

Micromonas Il

ey part. Orddddxe. 146, 613

010

/

} Ostreococcus

Mamiellales

Apparently, there are only a few
species present in coastal waters:
» Ostreocococcus
» Bathycoccus
* Micromonas (three species ?)



OStreOCOCCUS Spp . Nine strains available:

 Thau lagoon
Mediterranean Sea
English Channel
Atlantic Ocean

Smallest eucaryote Red Sea

PFGE Chromosomes
1  Risiad 4 5 o 7 1

|

H. Moreau unpublished

.*

= o
: A concatémérisé
: S. cerevisiae

: O. tauri souche 1995 (Thau)
: O. tauri souche 2000 (Thau)

R 41 (Atlantique

: RCC 143 (Atlantique)
: RCC 371 (Méditerranée)
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Dictyochophyceae Exotic classes

27 pm

O

O @
RCC 365 I

 RCC 355

Le Gall, Romari, Eikrem unpublished




91/

Achlya bisexualis
90176 10K | eptolegnia chapmanii
Achya apiculata
Phytophthora megasperma
100k Lagenidium giganteum

Phototrophic

stramenopiles

<

——— Developayella degans

g2/83r DH144-EK D10
E ME1-21
100 oL111026 | |

OL111008
ME1-22
Hyphochytrium catenoides

00[ ME1-17 | |

DH 148-5-EKD 53]
100'— Blastocystis sp.

100 guinea pig faeces isolate

Blastocystis honinis

Syluania monomastiga

/83

100
Cafeteria roenbergensis
1oo|: ME1-18 /
vez-28| |1

WSl oL111006
100 OL 111066

ME1-19 ]

75/71 100 ME1-20 /
oLi11150] V||

— ME1-24] \/|

Labyrint huloides haliotidis

e
100

| .
Ulkenia profunda

DH147-EKD10] \/
100 —— Opalina ranarum

100

L Cepedea virgubidea
771 Anphidinium belauense
l Alexandrium tanmarense

—— Prorocentrum minimum

ME1-21
DH144-EKD 10

OL 111026

OL 11008

ME1-22
ANTL12-11
ANT37-21
ANT37-29

ME1-18
ME1-28

OL 111006
ANT12-22

ANTL2-19
ANTL2-21
ANTL12-23
ANT12-20
ANTL12-7
ANT12-9

ME1-19
NAl1-4
OL 11066
ME1-29
ME1-20
ME1-30

OL 11150
ANT12-10
ANT12-29
NA11-8
NA11-9
ANTL2-6
ANTL12-16

Thraustochytrium kinnei

ANTL12-18

ANT12-26
ANTL2-27
ANT12-24
ANT12-25

ANT37-18

[ ANTL12-8

ANTL2-5

ANT37-16
ANT37-19

Vil

Heterotrophic

stramenopiles

Massana et al. unpublished



Heterotrophic eukaryotes

LKM74 group: obtained from the environment

¢ Cuburm RCC 404

E

Imanianma mofiuna

L

LKM74 (17:0) -~ \i
g LS
i vooqe

L4 G
1 L}
' A LY, ¢
f k (
N Taisciin Sudiliis
I{Env part. RAODDE0S.57, 547
im

anv_part. RAMKG09 49, 550
eny.part. RAIMGOT 47 545
eny.part. RASNS0T .3, 546

anv.part. RAX10516.38, 550

env.part. RAOOI219.10. Ame, 963
ey part. RADDO412 136, 546
emv_part. RADD1 219 10.ABI, 750
anv.LKMT4, 1668 . [EBI] Eukaryota: environmantal samp

_I: anv.part. RANM219.64, 544
anv.LKMS1, 1608 | [EBI] Eukaryota; environmental samp

anv_part. Ha(00427 .29, 551
anv_part. RAJRE0T 26, 544
anv.part. Or0004xx_ 188, 608

Parkinsus atlanticus, 1794 | Alveolata Parkingea

lchthyophonus hofar, 1703 | [DEW)] Eucarya Protoctista Uncartai =
Ichthyophonus hoferi, 1808 | [DEW)] Eukarya Protoctista Uncertai S
Psorosparmium haackelii, 1792 | [DEW] Eucarya Protoctista Uncer]
anv.part.Cr004xx. 16, 618

Eikrem, unpublished

Damocystidium salmonis, 1778 | [DEW] Eukarya Profoctista Labyrint
Damocystidum sp., 1821, [DEW] Eukarya Protoctista Labyrint
rogette agent of Chinook salmon, 1808 | Animalia Protozoa

Telonema subtilis is probably a cultured
representative of LKM74 group




Abundance

+ FISH

e Quantitative PCR




Quantitative PCR

Ostreococcus with Euk primers

—
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Fluorescence
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25
PCR cycle

Biegala, unpublished




Perspectives

e parasitism?

 Role of eukaryotes In heterc
processes in the ocean




