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Pourquoi un tel succeés de proliférations et
guelles conséguences pour le fonctionnement
des écosystemes?

ALes algues vertes ®volution, diver

AExploration des origines des proliférations et des marées
vertes

ALes impacts des marées vertes sur la microbiologie des
sediments

(Cédric Hubas et coll) et la biodiversite.

AlLes impacts des marées vertes sur la biodiversité des plages
de sable

(Nolwenn Quillien et coll.)

AQuelles Solutions Fondées sur la Nature pour atténuer les
Impacts des marées vertes
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International Journal of  Biological Macromolecules , 320, 2025,
https://doi.org/10.1016/].ijbiomac.2025.145632.
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1905 lagune cotiere de Belfast Lough (Irlande du Nord,R -U).
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[ VertigO ] VertigO - la revue électronique en sciences
iz 4 de l'environnement

Hors-série 33 | mars 2021 .
La mer, un objet hautement politique

Des océans indigestes : 'émergence de
’eutrophisation cétiére comme probléme
environnemental global

Les premiers travaux scientifiques

de Brett & Richards 1905 relayés par Sauvageau 1911

Alix Levain, Carole Barthélémy, Magalie Bourblanc, Jean-Marc Douguet,
Agathe Euzen et Yves Souchon




2023 lagune cotiere de Belfast Lough (Irlande du Nord,R -U).




Formation des marées vertes

Les principales étapes de formation d'une marée verte
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Formation des marées vertes

Ulva culture medium Ulva culture medium
without sporulation inhibitors with sporulation inhibitors (10 Units)

Obolski , U., Wichard , T., Israel, A., Golberg , A., and Liberzon , A.: Modeling the growth and sporulation dynamics of
the macroalga Ul/va in mixed -age populations in cultivation and the formation of green tides, Biogeosciences , 19,
226302271, https://doi.org/10.5194/bg -19-2263-2022, 2022.



Nécessite :

’ 2
Zofia Nehr

1) Des méthodes de phenotypage rapides et efficaces

> Pour cribler des centaines de souches et valider des traits
phénotypiques varies
> Obtenir des données physiologiques et biochimiques associer
avec la croissance
2) Liés les phénotypes avec des empreintes génétiques
> |dentifier les facteurs géneétigues associés avec la croissance
etdesmolecules doi nt ®r ° t
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Hiver 2022: 144 specimens d &/va en feuilles des alentours de
de Roscoff de Pleubian © | 0 Wk @merd h

Composition specifique de la collection
De I 6 I n t e r t I d a I Ulva compressa
aux estuaires
Au subtidal.
Ulva rigid

. Ulva gigante
Ulvalacinulata 91

m Ulva lacinulata

m Ulvasp. A

= Ulva gigantea

m Ulva rigida
Ulvasp A 17 m Ulva australis
Ulvagigantea m Ulva compressa
Ulvarigida
Ulva australis 31
Ulvacompressa 3
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Collection de souches
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Par bouturage de lames
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“microsatellite markers for Ulva spp. breeding
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Introduction

Within the realm of seaweeds, species of the Ulva genus found in various coastal communities globally encempass over 400 species.
Certain species grab the interest of aquaculture production due to their fast growth, high nutritive value, bioactive products and
bioremediation potential. Wwa spp. life cycles display typical isomorphic alternation between haploid gametophyte and diploid
sporophyte. Data on life cycle dynamics have been limited owing to difficulties in determining the ploidy or sex using morphological
characters of thalli as well as the lack of reliable molecular markers. In this study, we used Ulva strains occurring in Brittany, France to
identify the triggers of reproduction development for the purpose of controlling Ulva life cycle in laboratory conditions. Then we
developed genetic tools such as mating type markers to efficiently determine mating type and pleidy, make controlled crossings and
genetic breeding of Ulva spp. and also developed microsatellites to fingerprint strains of interest and population genetic studies.

{ Materials and methods }
Gametogenesis . - c
a:?i Izolation and SEM LLEE sl i
. . . primers detection and
P fization Ohzervation desi - e
induction =iz primer design
* Ulva culture * Flow cytometry  * Artificial moon light  *  Photo-taxis: Morphological Consensus * Ulva genome
collection ploidy analysis * Stressful factors: ¥ Gametes = determination fele o= sequences
representing 5 * Artificial low tide positive of gametes mt+ ‘ * Using softwars
species * Thermal shock phototaxis and mt- package GMATA
* Salinity shock v Spores => E
* |dentification viz * Fragmentation and negative =

wash phototaxis '
* Fragmentation and
separation cell
bilayer
* Nutrient status

DNA barcoding

PCR amplification
& electrophoresis on agarose gel

[

| Results and Discussion )

Artificial control of
reproduction -

Mating type markers Microsatellite markers

= Amplification of mt+1, mt+2, mt+3 and mt+5
markers with UWvo rigida DNA extractions and
% mt+1 and mt+2 with different diploid Ula
strains, revealing that Ulva rigida isolated thalli
are mt+ and this mt markers are universal, as
Lipinska et al, 2015 reported developing mt

=5

= Substantial gene flow among Ulve population
and species, as a majority of developed
markers for U. rigida, U. gustralis, U. lecinwotg
and U. spA successfully amplified with targeted
species including Ulva gigantea.

= Artificial moon light exposure
reveals insights into the regula-

Tion and synchronization of

meiosis with lunar cyde of Uha )
rigida, promoting formation and swarmers

release. Lining et al., 2008 reported that artificial
moonlight supplied at &-weeks influenced the
irregular free-running and tuned it into orderly
moonlight controlled rivthm.

= Fragmentation and washing have demonstrated
an effect on the formation and release of
swarmers of Ulva australis | but it is insufficient to

confirm their efficiency. = Developed mating type markers improved red algae genus
= No observable effects with salinity, low tide, their efficiency, which can be used for control [Kostamo et al,
temperature and nutrient statue were noted. crossing  and 2008).

Previous studies mentioned that same stressful
factors can induce the initiation of somatic cells
differentiation and Jiang et ol., 2022 affirmed that

temperature and low nitrogen o ion can

markers from Ectocarpus SDR that can be
applied on kelps and other brown algae species.
= Detection of mt-6 and mt+5 explained by the
fact that Ulva gigantea strains are biflagellate
zoids liberated by sporophytes through
apomeiosis (Ichihara et al, 2019).

genetic breeding
of Ulva spp.

promote reproduction of Ulva sp.

= This microsatellites enable application in a
broader spectrum of Uhsales members. Similar
outcomes observed cross-amplification of 55R
markers explored across various kelp families
and among species of
Gracilaria

T
Conclusion

In thiz study, we aim at developing valuable
biological and genetic tools that enable the

Acknowledgments control of the Ulva life cycle. These tools will be 3 F
The authors are grateful for the support from efficient for determining ploidy and sex, as well 5/.
CNRS, and all contributers in the guidance and References as selecting progenies for seaweed breeding _G)

success of this scientific research.

aguaculture and biotechnology purposes.




Systeme de Phénotypage Roscoff

Camera Refroidisseur
Pompe (flus de
. nutriments)
Mini - —
ordinateur
Raspberry pi

Aquarium filled
With 10L F/2
medium

disque de lames
de 16 mm

| -
(.J.r/ Dan Potin et Zofi@Meahr & Dan Fotin

Prototype :12 souches / semaine
peut aller jusqud”™ 45 12 souches |/ semai
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Systeme de Phénotypage Roscoff
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Plant phenotyping using computer vision
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Normalized disk size
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Des patrons de croissance tres particuliers chez Ulva

1 Les souches d d//va spp
ont des taux de croissance
plus importantst la nuit
que durant le jour.

Period

D Day
& vioht

Size SGR [% size increase per period]

Extensive Variations in Diurnal Growth Patterns and

. . . . . . . . . . . . , , . Metabolism Among Ulva spp . Strains
CoU2 TIE3 UNK2 TIE9 TIE5 ESC1 TIE10 TIE4 TIE8 TIE15 VEN2 TIE7 VEN10 VEN14 VEN6 Fort et al. Plant Physiology , 180, May 2019 : 1098

Strains 123, https://doi.org/10.1104/pp.18.01513
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https://doi.org/10.1104/pp.18.01513

Une sélection naturelle

pour | es souches | es plus per
dans les marées vertes w [ $4 aWvdespoBsableRdes marées

vertes presentent des caractéristiques de

Bresyhde croissance et métaboliques différentes.
f < 3 w /S48 RAFTFSNBYOSa AyR:
amplitude sélection dans les zones touchées par les maré
vertes.
B w [ Sa& SLA&A2RS& RS YI NJ
sme;mna Tissue expansion ¥ 2 s'aggraver a l'avenir, méme si l'eutrophisation se
Amplification of Eﬁmg}‘ﬁfmﬁ . . I Stab”lS?. . . ~ . ;
fast expanding g o w [/ Sa advdzéskstdnies er¥imarées verte
uhva swaing_— Fions Tt - S — pourraient étre utilisées en aquaculture.
Stan::h\'*. _ g : I @ G:n:.:.id!
§-1 e Science of The Total Environment —
Volume 698, 1January 2020, 134337 -
3 :
Short Communication
© O i@emenedv) Green tides select for fast expanding Ulva

strains

Antoine Fort, Conor Mannion, Jose M. Farifias-Franco ! Ronan Sulpice A E
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Installations de culture contrblée

Zoha Mahrk Dan Fotin

a- Souches individuelles dans des bouteilles de
de 2L avec un mileu enrichi PES ou F2.

b- 300L en cylindre de culture en circuit ouvert
ou fermé.

C- 600L en bacs de culture en circuit ouvert ou
Zafia Nehr & Dan Poti Zofia Nehr & Dan Patin fermé.
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