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Diatoms: diversity and importance in the biosphere

——-

- Microalgae: 3 > 500 um, photosynthetic -
- 100 000 species (Mann & Vanormelingen 2013) -

- 10% of the total biomass in 0ceans o gt c/6000 gt ¢ Lebianc etal. 2012, Bar-on etal. 2017)

- Colonize all habitats: lakes, rivers, oceans, soils, wet walls,

caves ...

Luticola ventricosa

e —————
A\ vy -‘\ \ TL

\ P » - A\ o
A NN

Licmophora flabellata
Dr. Arlene Wechezak

7

www.biolaweb.com



http://www.alpesphoto.com/temp/2007-09/2007-09-15-tourbiere2.jpg

Diatom are used as regulatory biomonitoring tool

(European Water Framework directive)
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But some pitfalls: Species
Need for skilled taxonomists determination
Analyses bottleneck

Heterogeneity of identifications

Counting effort reduced to 400 individuals
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What is DNA metabarcoding?

2003: DNA barcoding (Hebert et al. 2003)

Standardized approach to identify organisms

Barcode: Short DNA fragment
Characteristic of a taxon
Easy to sequence (universal primers)
Barcoding gap

i

Diatom barcoding pionneers:
Evans et al. 2007 (cox, rbcl, 18s, ITS)
Hamsher et al. 2011 (cox, rbcl)
>Sellaphora pupula complex (D. Mann)
Moniz & Kaczmarska 2009 (5.8S, ITS)
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What is DNA metabarcoding?
2012: metabarcoding (Taberlet et al. 2012)

Concept expanded to study natural samples
|ldentify organisms in communities

Use of High Throughput Sequencing
Sequencing of environmental DNA
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Methodological developements

Species %
D.tenuis 20

N.palea 10
A.pediculus 5

SpIi DNA PCR amplification High-throughput Inventory Index calculation
extraction of DNA barcodes seqlfcing
/ Diat.barcode
_ Reference library

Sampling (CEN Choice of extraction kit o _
TR 17245 2018) (Vasselon et al. 2017a) Pipeline comparisons  Correction factor
Preservation (Bailet et al. 2020, (Vasselon et al. 2018)
(Baricevic et al. Rivera et al. 2020) Taxonomie-Free index
2022 ) Barcode choice (Tapolczai et al. 2020)

(Kermarrec et al. 2014)

rbcL primers Reference Barcode library

(Vasselon et al. 2017b) (Zimmermann et al. 2014, Rimet et
al. 2016, CEN TR 17244 2018)



Protocols and tools are open access

Présentation Recherche de cultures Commande de cultures Milieux de culture Barcoding databases Photos
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DNA analysis and microscopic counts V.1
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Diat.barcode, an open-access barcode library for diatoms

™,  Rimet, Frederic. Chonova, Teofana; Gassiole, Gilles; Gusev, Evgenuy; Kahlert, Maria; Keck, Francois; Kelly,
Martyn; Kocheska, Hristina; Kulikovskiy, Maxim; Levkov, Zlatke: Maltsev, Yevhen; Mann, David; Pfannkuchen,
Martin: Trobajo. Resa; Vasselon, Valentin; Vidakovic, Danijela; Wetzel, Carlos; Zimmarmann, Jonas; Bouchez,
Agnés, 2018, "Diat barcode, an open-access barcode library for diatoms”, https:/doi.org/10. 15454/ TOMBYZ,
Recherche Data Gouv, V15, UNF:6:82rzGIFpV91mu78sPuXlg== [fileUNF]

Citer le jeu de Pour en apprendre davantage sur le sujet, consulter le document
données - Data Citation Standards [en].
Description Diatoms (Bacillariophyta) are ubiquitous microalgae which produce a siliceous exoskeleton and which

make a major contribution to the productivity of oceans and freshwaters. They display a huge diversity,
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Molecular IPS
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Application to monitoring networks
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Application to monitoring networks
Basic ecology

In this framework (biomonitoring)
DNA metabarcoding is used to replace (to mimic) microscope identifications

Can diatom metabarcoding bring additional and complementary information to morphological
data?
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Biodiversity assessement

When compared to microscopy, DNA metabarcoding measure a higher diversity

Why? - deeper sampling effort (400 individuals vs several 10 000 of reads)
-> rare species
- finer taxonomical resolution with rbcL
-> sub-species level
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Biodiversity assessement

Latitude

Can we characterise this intraspecific diversity?
> 658 sampling sites in rivers of France
> campains 2016, 2017, 2019

I ntra S p Boxplot de la diversité intraspécifique en fonction de I'abondance relative par classe (en %) I n tra S p Boxplot de la diversité intraspécifique en fonction du nombre de sites occupés par chaque espéce (par classe)
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Species with the highest genotypic diversity:
- big population size
- wide niche breadth Vincent et al. 2023



Autecology

Being able to measure cryptic diversity -> New insights for diatom species ecology
Study on rivers in France and Catalonia

» Genetic variants within species show different patterns of distribution.

« Some genetic variants within species differ in their ecological preferences Achnanthidium minutissimum

https://diatoms.org/species/achnanthidium_minutissimum/i

mages#image-93141
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https://diatoms.org/species/achnanthidium_minutissimum/images#image-93141

Autecology

Development of an index to assess agriculture land-use (Hungary)
- Development of a genotype index enable to better assess land-use
- But species assignation is necessary to have an ecological interpretation
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Biogeography

Interest of DNA metabarcoding for large biogeographical studies:

- Taxonomic precision

- Robustness of sequencing vs microscope identification (kahlert 2009 J.App.Phycol)
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But what happen if we compare similar
ecosystems? Do we still have endemism?



Biogeography
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There is still a very high genotypic endemism.

For species level, “endemic” species of France or
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Community assembly

* There are 2 main predictors in community assembly:

« Environmental filtering: Ecologically similar species should coexist in ecologically
similar environments.

« Limiting similarity: Ecologically dissimilar species should coexist because too
similar species competing for the same resources cannot stably coexist.

 Including phylogeny into ecological thinking is an opportunity for biologists because:
« Species distributions are shaped by evolutionary and ecological processes
* These 2 processes are intimately related
« S0, itis important to study them together

» “Ecophylogenetic” Mouquet et al. 2012 (Biological Reviews)

PHYLOGENIES




Community assembly

* If niches are conserved in the evolution, then phylogenetic structure
of samples can be interpreted in terms of ecological processes

Environmental
filtering
dominates

phylogenetic
over-clustering

Environmental
sequences

NRI all carto
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NTI all carto

NTLAI
[] GEO_LAC_LEMAN

phylogenetic
overdispersion

Competition
dominates

20K XK

Webb 2000, Kembel et al., 2010
Rimet 2022 Mol.Ecol.
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Complementarity

Microscope:
- possibility to see species size, how species move, make colonies...
- long tradition -> good knowledge of species ecology

« DNA barcodes lie within the gray area between phylogenetics and population genetics » (Hajibabaei
2007 Trends in Genetics)
DNA metabarcoding :
- easily handle cryptic diversity
- reaveal a high degree of endemism
- enable to have new insights of diatom species ecology
- should help in diatom population genetic
- phylogenetic dimension:
- address community assembly questions (phylogenetic overclustering / overdispertion)
- evolutionary processes (phylogenetic signal)
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