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Introduction

The second meeting of the PICODV program was split into two parts:  

· During the first three days an open workshop was devoted to “ Pigments as a tool to estimate the biomass of different phytoplankton groups ”.  

· The last three days were restricted PICODIV participants and were devoted to presenting results from the first year (May 2 and 3) and planning the second year of the PICODIV project (May 4).

Workshop on “ Pigments as a tool to estimate the biomass of different phytoplankton groups ” (29 April -1 May 2001)

Sixty participants from 20 different countries participated in this workshop.  Obviously the workshop was a large success and the important attendance demonstrated that it filled a need in the community that uses pigments to assess phytoplankton biomass and diversity.  In fact, it was the first workshop devoted to CHEMTAX, a publicly available and widely used software tool that allows to transform pigment data into relative abundance of different algal classes (diatoms, dinoflagellates, haptophytes etc…).  The presence of the three persons that have developed the CHEMTAX software (D. Mackay, S. Wright and H. Higgins) was instrumental to address questions and concerns from the participants.

All the details from the workshop (participants name, book of abstract, schedule, pictures, links to relevant web site) can be obtained at the following address: 
www.sb-roscoff.fr/PICODIV/ Workshop_2001/ PICODIV_workshop_Barcelona_may2001.html. 

PICODIV meeting (2-4 May 2001)

The meeting was split into two parts.  During the two days, participants presented scientific talks on the work done during  the PICODIV project following the structure of the five workpackages.  An impressive amount of work has been performed during the first year especially in terms of culture isolation and clone library analysis.

The full program of the talks as well as presentation summaries (PowerPoint or Word format) can be found in the restricted part of the PICODIV web site.

The last day of the startup meeting was devoted to the planning of the second year of the PICODIV program.  A lot of the information concerning individual components of the program implementation are available on the web site and are updated very frequently.  This concerns in particular clone libraries results, culture analysis, sampling and analysis protocols and databases.  The major conclusion of the startup meeting are listed below.

Workpackage 1. Cultures

Obtaining cultures of novel picoplanktonic species is a key objective of the PICODIV program.  During the first year a large number of pre-cultures have been established from the three coastal sites as well as from cruises of opportunities such as PROSOPE (Mediterranean Sea).  However purification of the pre-cultures to obtain stable unialgal culture takes more time than initially anticipated.  Therefore, only few stable novel strains have been obtained from coastal sites and the culture isolation and purification effort needs to be continued.  It is necessary to focus on successful culture purification strategies such as serial dilution, filtration through small pore size filter (1 to 3 m), and flow cytometry sorting. For Synechococcus cyanobacteria, the strategy chosen is to clone cultures on plates (two successive cloning steps). Finally partial sequencing from strains contaminated by heterotrophic eukaryotes has revealed a wide variety among these heterotrophs, and in particular the presence of representatives from novel groups revealed by clone library sequencing (Wkp 2).  Therefore it appears very desirable to try to isolate these novel organisms, for example by placing aliquots of these cultures in the dark.   

Once strains are stable (but not before!), it is critical that they are deposited to the Roscoff Culture Collection (RCC) for archiving and further characterization. About one hundred strains from the RCC have been screened by a combination of: 

· Optical microscopy (SBR and UO)

· Flow cytometry (SBR)

· HPLC pigment analysis (ICM and SBR)

· Electron microscopy whole mount and sectioning (UO)

· PCR-RFLP of SSU rDNA using Hae III restriction enzyme (UW and SBR)

· Sequencing of SSU rDNA (UW and SBR)

· Sequencing and RFLP of other genes such as ntcA for cyanobacteria (UW)

This strategy has proved highly efficient for screening cultures and we have been able to select a list of strains which appear interesting (see below) and potentially correspond to novel picoplanktonic species.  The Oslo group will coordinate their full study during year 2 using the following techniques:

· Detailed pigment signature by HPLC (Barcelona)

· Electron microscopy sectioning (Oslo)

· Phylogeny analysis of full SSU rDNA nuclear (Roscoff) and plastid (UW) genes 

Once these strains are characterized, new species will described in the peer-reviewed literature.

Sites to be sampled for cultures in year 2

Coastal sites

· Roscoff (2001: 3 times during Spring bloom)

· Helgoland  (2001: 3 times)

· Blanes Bay   (2001: June)

Cruises of opportunity (depending on cruise realisation)

· Baltic Sea (AWI)

· Boddensee (AWI)

· Oslo fjord (UO)

· Norwegian Sea (UO)

· Skagerrak (in case it is not possible to sample from Norwegian Sea; UO)

· Catalan Sea – June 2001 (ICM)

· Indian Ocean (UW)

· Antarctic (AWI)

Strains selected for full characterisation and description during year 2

Priority
RCC
Class
Genus
Species
Strain
Category
Size

1
355
Bolidophyceae ?
flagellate

RA000412-1
Pico
3

1
365
Chlorarachniophyceae ?
coccoid

PROSOPE_99
Pico
3

1
300
Chlorophyceae
Chlamydomonas
noctigama ?
Taka9804
Nano
7

1
332
Chrysophyceae
flagellate

PROSOPE_32-1
Pico
2

1
351
Cyanophyceae
coccoid

RA000609-13-2
Pico
0.8

1
304
Dictyochophyceae
Unidentified

VillF I 5m
Nano
4.5

1
303
Dinophyceae
Exuviaella
pusilla
VillF I 50m
Nano
10

1
341
Pelagophyceae ?
flagellate

PROSOPE_63
Pico
3

1
287
Prasinophyceae
coccoid

NOUM15
Pico
2.5

1
143
Prasinophyceae
Ostreococcus
oceanicus
EUM13B
Pico
1.5

1
141
Prasinophyceae
Ostreococcus
sp
EUM16BBL
Pico
1.5

1
356
Prasinophyceae
Ostreococcus
sp
RA000412-9
Pico
1

1
344
Prasinophyceae
Ostreococcus
sp
PROSOPE_3
Pico
1.5

1
343
Prasinophyceae
Ostreococcus ?

PROSOPE_5
Pico
3

1
302
Prasinophyceae ?
flagellate

Rangiroa2
Pico
2.5

2
357
Eustigmatophyceae
Nannochloropsis
sp
RA000711-23-2
Pico
2.5

2
347
Trebouxiophyceae
Chlorella
minutissima ?
OLI 26 SB
Pico
3

2
289
Trebouxiophyceae
Nannochloris
sp4
OLI 26 SA
Pico
2

2
115
Trebouxiophyceae
Nannochloris ?
sp3
MIN33-5m-15
Pico
2

2
236
Trebouxiophyceae
Nannochloris ?
sp4
MIN 018-15m
Pico
1

2
139
Trebouxiophyceae
Nannochloris ?
sp4
EUM13AWL
Pico
2

3
337
Chlorarachniophyceae ?
Unidentified

PROSOPE_153-1
Nano
16

3
235
Prasinophyceae
Tetraselmis

MIN 018-15m 2µm
Nano
7

Workpackage 2. Environmental clone libraries

Construction of SSU rDNA clone libraries representative of the in situ picoplankton diversity, and subsequent sequencing of novel gene sequences, is critical to understand and describe the total diversity present in contrasting marine aquatic environments. 

During the first year, we have analyzed sequences collected from previous cruises, which has resulted in the publication of several papers.  About 10 clone libraries have been constructed for the Roscoff, Helgoland and Blanes sites plus a few others for cruise of opportunities (Orkney islands, PROSOPE).  Between 50 and 100 clone have been partially sequenced (500 bp) using primer 528f.  The results are impressive and allow to establish a detailed picture of picoplankton at all coastal sites.  Among the major findings:

· Importance of Mamiellales (Prasinophyceae), Cryptophytes and Chrysophytes among autotrophic picoplankton

· Importance of heterotrophic organisms among picoplankton including major unknown phyla belonging to the Heterokonta (Stramenopiles) and the Alveolates

· Discovery of a novel group apparently closely related to the red algae/cryptophytes

A number of issues have been discussed during the meeting

· Additional clone libraries will be constructed both from coastal sites to further define the community occurring during the spring bloom (Roscoff and Helgoland) and from cruises of opportunities (see below)

· Eukaryotic picoplankton diversity appears very high.  Therefore it is very important to estimate both the rarefaction curve and the percent coverage of each clone library based on SSU rDNA RFLP data (preferably using Hae III) obtained for at least 100 randomly selected clones.

· Until now, only partial length sequences.  It was decided to sequence fully only clones that can be used for probe design.  Therefore each partner who is responsible for designing probes for a given group (e.g. Prasinophyceae) will indicate the clones that they would like to see fully sequenced, choosing preferably sequences from different clone libraries (e.g. one Ostreococcus clone from Roscoff, one from Helgoland and one from Blanes).  This information will be posted on the Clone Library web page and updated.

· For some taxonomical groups which are little represented to date in the sequences retrieved from clone libraries, it may be desirable to specifically probe the clone libraries to fetch them (e.g. Prymnesiophyceae).

· In the frame of another project, the UW group will construct eukaryotic plastid libraries.  It was decided to coordinate this project to PICODIV so that plastid and nuclear libraries correspond to the same samples.  To our knowledge such analysis has not been carried to date.

· For the construction of clone libraries specific to the cyanobacterial lineage, primers 107f and 1038r will be used, the latter primer being specific for all known marine Synechococcus and Prochlorococcus sequences. To identify plastid clones primer 107f and a cyanobacterial/plastid specific reverse primer located just inside the 23S rRNA gene will be used.
Sites to be sampled for clone library construction in year 2

Coastal sites

· Roscoff (2001: 3 times in Spring)

· Helgoland  (2001: 3 times in Spring)

· Blanes Bay   (2001: 2 times)

· Oslo fjord (2001: 1 time in conjunction with TEM study)

Cruises of opportunity

· Baltic Sea (1 sample) and Boddensee (2 samples)

· Norwegian Sea or Skagkrak depending on cruise opportunity

· PROSOPE (Med Sea) – Sept 99.  Stations and depths will be selected after DGGE analysis

· Red Sea – Sept 2000

· Catalan Sea – June 2001

· Indian Ocean (depending on cruise opportunity)

· Antarctic (depending on cruise opportunity)

Workpackage 3. Probe design

Probes will be used with three different techniques:

· FISH-TSA (SBR and UW).  With this technique (see below) and since results are analyzed by microscopy, only a small number of probes can be used on a restricted number of samples.  Therefore we decided to use only fairly general probes (see list below)

· Quantitative PCR (SBR and ICM).  As development is about to start, it is still too early to really know what will be the best strategy.  However, quantitative PCR will be probably best suited for analyzing a large number of samples with a limited number of probes with high specificity, e.g. against genus or species.

· DNA arrays (AWI).  This approach should allow to use a large number of probes on a large number of samples and therefore both general and specific probes against all known taxa of picoplankton as well as uncultured groups should be designed.

· Reminder: try to homogenize the probes so that all have Tm values, i.e. to 46(C, 50% G/C, 18 bp

List of class level probes to be used with FISH

Target
Class
Auto/Hétéro
Probe name
Designed
by
Tested
FISH

Already designed








Euk


Euk1209R
x
Pub
x
x

Chlorophyta

A
CHLO02
x
Pub
x
x

Mamiellales

A
PRAS04
x
SBR
x
x

Praisno Clade CCMP1205

A
PRAS05
x
SBR

x

Stramenopiles

A/H
HETERO01
x
AWI

x

Bolidophyceae

A
BOLI01
x
Pub
x
x

Dictyochophyceae

A
DICTYO01
x
SBR

x

Eustigmatophyceae

A
EUSTI01
x
SBR

x

Pelagophyceae

A
PELA01
x
Pub
x
x

Dinophyceae + Apicomplexa

A
DINO_B
x
AWI
x
x

Haptophyta

A
PRYM02
x
Pub
x
x

Cryptophyceae

A
CRYPT12 or CRYPT07
x
AWI/SBR

x

To be designed








Chlorarachnyophyceae

A


SBR



Raphydophyceae
(only probe for toxic group designed to date by AWI)

A


AWI



Chrysophyceae

A/H


AWI

x

He000427.214

?


AWI



LKM74

H


ICM



Rhizopoda/Euglypha

H






Stramenopiles heterotrophic groups

H


ICM

x

Thraustochytrids

H






Alveolata group II (Amoebophrya)

H


SBR

x

Alveolata group I

H


SBR

x

Ciliophora

H






Who will make and test new probes?

· SBR: will focus on Prasinophytes and Alveolates

· UW: will focus on Synechococcus clades

· AWI: will finish what is already under way (e.g., haptophytes including uncultivated Prymnesiophyceae, pennate diatoms, cryptomonad clades, heterokont class level)  Klaus will cover the new groups close to the Rhodophyta/Cryptophyta.

· ICM: will focus on Stramenopiles, the LKM74 group and Pelagophyceae (LG)

Workpackage 4. Probe measurement

· FISH-TSA (SBR and UW).  FISH-TSA detected by epifluorescence microscopy is now operational for both prokaryotic and eukaryotic picoplankton.  One paper is in press and the other one about to be submitted.  Progress has been made to couple FISH-TSA with flow cytometry, especially with cultures.  Application to natural samples appears feasible and will be continued.

· Quantitative PCR (SBR and ICM).  Both the SBR and ICM have access now to quantitative PCR equipment.  Initial tests should be carried out by SBR this summer using the SYBR-Green chemistry which is cheaper than the TaqMan probes.  The latter approach however maybe required to improve specificity.

· DNA arrays (AWI).  The strategy to be used is not yet defined.  In particular it is not yet clear whether it is best to array the probes on the chip or to array the samples.  AWI has recruited a person that should work full time on DNA arrays and probe development.   The final strategy to be used will be defined within six months at most.

Workpackage 5.  Picoplankton monitoring

The sampling and measurement protocols have been finalized during year 1 and are available on the PICODIV web site.  Sampling has started at all sites.  The first two samples serve as test samples and are exchanged among participants (FISH-TSA for prokaryotes and eukaryotes, HPLC, TEM).  The total duration of the survey will be at least 14 months (and not 12 as initially planned) to make sure that there is an overlap between the first and last samples with respect to the season.  Besides the initial test samples, the other samples will be stored at each site and then dispatched to the measuring partners at the end of the survey with the exception of TEM samples that will be forwarded to UO as soon as possible after the sampling has been done.

Changes suggested and miscellaneous remarks on the sampling protocol

· All samples will be pre-filtered through a 200 m mesh (standard oceanographic procedure).  Additional filtration (50 m) can be performed for picoplankton samples that are filtered through 3 m.

· For eukaryotic FISH-TSA samples, samples should be pre-filtered through 3 m and six filters prepared. Fabrice will test the possibility of using only 50 mL instead of 200 as used now.

· A third EM sample will be taken to scanning electron microscopy and sent with the other two to UO

· Good sample transfer (especially when send on dry ice, it is critical to send early in the week and to follow on the web package delivery in order to react quickly in case it is stalled somewhere).

· For Utermöhl samples the following parameters should analyzed:

· Cell number divided into Diatoms/Dinos/Flagellates based on 500 total cells counted

· List of species present based on 500 total cells counted

· Precise identity of blooming species in case of a bloom

· Facultative: biomass from cell size measurement (this is time consuming, so choice is really left to every group)

Databases

The PICODIV web site and most databases are operational.  The only databases still to be created concern the sampling sites of Helgoland and Blanes. For the Helgoland site the database will be linked to the long term data series site, once that site is opened to the public, which is planned within the next year. A prototype has been created for Roscoff site which will be tested during year 2 and adapted for the other sites.

Data are still flowing too slowly.  The coordinator urges strongly all partners to send their data for inclusion to the web site and database.  This includes especially:

· Update on activity provided as often as necessary but at least once every two month.

· Sequences from clone libraries, cultures and DGGE

· Probes data when designed and their status with respect to status

· All data collected at the sampling sites

Reminder - Conditions of use: All data remain the propriety of the group/individual that generate them. Therefore they cannot be used without his/her consent. All partners of the project have agreed that anyone who uses someone else data should propose co-authorship to that person in resulting papers.

List of papers planned during year 2

It is critical that the PICODIV project publish rapidly on the results already accumulated during year 1.  We therefore listed papers that were planned for submission within year 2.  Please do not forget to properly acknowledge PCIODIV for papers

Wpk 1

· Guillou et al. Novel species of picoplanktonic Prasinophyceae

· Eikrem et al.  Novel species of chromophytes from the picoplankton.

· Throndsen et al.  Description of Synechococcus (Cyanobium) from sequence and sections

Wpk 2

· Scanlan et al.  Diversity of prokaryotic picoplankton

· Romari et al. Analysis of eukaryotic rDNA clone libraries from the English Channel

· Valentin et al. Analysis of eukaryotic rDNA clone libraries from the North Sea

· Massana et al. Analysis of eukaryotic rDNA clone libraries from the coastal Mediterranean Sea

· XXX Novel eukaryotic groups (such as the novel group close to the Rhodophyta/Cyrptophyta) from coastal marine waters 
Wpk 3

· Fuller et al.  Synechococcus probes

· Not et al. Probes against Prasinophyceae

· Gröben et al Probes against Dinophyceae

· Gröben et al Probes against Cryptophyceae

· Massana et al. Probes against uncultured stramenopile groups

Wpk 4

· Not et al. Application of TSA-FISH to picophytoplankton detection and quantification

· Biegala et al Coupling FISH-TSA and flow cytometry for eukaryotes

· Gröben et al Accessibility of probes targeting eukaryotic rDNA

· Gröben et al Optimisation of FISH for phytoplankton

Next meeting

The next meeting of the PICODIV program is planned in April 2002 in Bremerhaven.  It will be coupled with an open workshop on the use of molecular probes organized by L. Medlin.

Summary of tasks to be performed during year 2 (April 2001-March 2002)

Del. 
#
Deliverable title
Del. 
date
SBR
UW
AWI
ICM
UO

1
Picophytoplankton strains from coastal and oceanic regions
30
- Start pre-cultures from:

· Roscoff (3 times during Spring bloom)

- Purify pre- cultures obtained from Roscoff, PROSOPE, Red Sea, Mekong and Bali

- Collect unialgal stable strains from other partners and maintain culture database 

- Screen strains deposited to SBR culture collection (RCC) by optical microscopy, flow cytometry, HPLC, RFLP and partial sequence of rDNA
- Isolate strains from:

· Indian Ocean (depending on cruise)

- Cyanobacteria strains isolated by other partners will be sent to UW for characterization and cloning
- Start pre-cultures from:

· Helgoland (3 times)

· Antarctic (subject to cruise availability)

· Baltic Sea

- Purify pre- cultures obtained from Helgoland and Baltic Sea


- Start pre-cultures from:

· Blanes Bay (1 times)

· Catalan Sea (June 2001)

 - Purify pre- cultures obtained from Blanes Bay
- Start pre-cultures from:

· Skagkrak

· Norwegian Sea (subject to cruise availability) 

 - Purify pre- cultures obtained from Oslo fjord

2
SSU rDNA sequence from picophytoplankton strains
30
- Sequence nuclear SSU rDNA of unique strains deposited to RCC  as necessary

- Maintain centralized ARB database
- Sequence unique cyanobacteria strains isolated by all partners

- Sequence plastid SSU rDNA of unique strains deposited to RCC  as necessary (this is part of a different project)

- DGGE analysis of pre-cultures started by ICM


3
Characterization and description of picophytoplankton strains
36
- Flow cytometry and 18S phylogeny analysis of strains selected for full study (RCC deposited)

- Focus on:

· Prasinophyceae

· Bolidophyceae

· Pelagophyceae

· novel Alveolates

· Dinoflagellates
- 16S (cyanos and plastid) phylogeny analysis of strains selected for full study (RCC deposited)

- Focus on: 

· Cyanobacteria
- Focus on: 

· Prymnesiophyceae
- Detailed pigment analysis of strains selected for full study (RCC deposited)

Focus on: 

· Prasinophyceae

· Stramenopiles


- UO will coordinate the full characterization of novel strains and their description as new species in the scientific literature

- TEM sections of strains selected for full study (RCC deposited)

- Improve and complement taxonomy database 

- Focus on: 

· Prymnesiophyceae

· Prasinophyceae

4
Gene Clone libraries from coastal and oceanic regions 
24
Eukaryotes

· Roscoff (3 during Spring bloom)

· Med Sea (1-4 PROSOPE cruise, sept 99 to be selected by DGGE)

· Red Sea (1-2, sept 2000)

· Oslo fjord (sample from UO)
Cyanobacteria: 

· Roscoff (3)

· Helgoland (2)

· Med Sea (2)

Plastid: 

· Coordinate with other partners to construct plastid libraries from the same samples for which nuclear libraries have been constructed
Eukaryotes

· Helgoland (2)

· Antarctic (1-2 subject to cruise availability)

· Baltic Sea (1)

· Boddensee (2)
Eukaryotes

· Blanes Bay (1) 

· Catalan Sea (2, June 2001)


5
SSU rDNA sequences from coastal and oceanic regions
30
- Analysis of all libraries constructed during year 1 and 2

- Full length sequencing of clones necessary for probe design (see Del 6)

- Maintain centralized ARB database
- Analysis of all libraries constructed during year 1 and 2

- Full length sequencing of clones necessary for probe design (see Del 6)


- Analysis of all libraries constructed during year 1 and 2

- Full length sequencing of clones necessary for probe design (see Del 6)


- Analysis of all libraries constructed during year 1 and 2

- Full length sequencing of clones necessary for probe design (see Del 6)




6
Hierarchical probes against all major picophytoplankton taxa
30
· Prasinophyceae

· Uncultivated Alveolates
· Cyanobacteria
· Prymnesiophyceae

· Cryptophytes

· Chrysophyceae

· Bolidomonads

· Raphidophyceae

· Novel group close to Rhodophyta/Cyrptophyta
· Uncultivated Stramenopiles

· LKM74 group

· Pelagophyceae (LG)


7
FISH methodology for prokaryotic picophytoplankton
24
- Couple TSA-FISH with flow cytometry





8
Probe array methodology for picophytoplankton
30


- Decide on best method for probe arrays within six months 



9
Quantitative PCR methodology for picophytoplankton
30
- Develop PCR methods with specific probes


- Test quantitative PCR methods



Sampling at coastal sites

Roscoff: sampling will continue until June 2002

Helgoland: sampling will continue until March 2002
Blanes: sampling will continue until May 2002


10
Estimation of  picophytoplankton biodiversity with classical methods
36
Utermöhl and flow cytometry measurements for the Roscoff site for 2000


- HPLC measurement for the Roscoff site for 2000

- Test HPLC pigment samples from all sites
- Improve TEM methods for coastal sites

- Analysis of whole mount TEM for coastal sites

11
Molecular estimation of  picophytoplankton biodiversity
36
- TSA-FISH measurement for the Roscoff site for 2000

- Test  eukaryoticTSA-FISH samples from all sites
- Test  prokaryotic TSA-FISH samples from all sites




12
Validation of probe methodology for biodiversity
36
Compare TSA-FISH and HPLC pigment measurement for the Roscoff site for 2000





Participants to the Barcelona meeting

Institution
Name
First Name

AWI, Bremerhaven
Medlin
Linda

AWI, Bremerhaven
Mehl
Helga

AWI, Bremerhaven
Valentin
Klaus

AWI, Helgoland
Wiltshire


Karen

ICM Barcelona
Díez
Beatriz

ICM Barcelona
Guillou
Laure

ICM Barcelona
Latasa
Mikel

ICM Barcelona
Massana
Ramon

ICM Barcelona
Pedrós-Alió
Carlos

ICM Barcelona
Scharek
Renate

Station Biologique Roscoff
Biegala
Isabelle

Station Biologique Roscoff
Le Gall
Florence

Station Biologique Roscoff
Not
Fabrice

Station Biologique Roscoff
Romari
Khadidja

Station Biologique Roscoff
Vaulot
Daniel

University of Oslo
Eikrem
Wenche

University of Oslo
Throndsen
Jahn

University of Warwick
Fuller
Nick

University of Warwick
Scanlan
Dave







