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Reference library, proof of concept, 
impact of biovolumes



Schedule 

1- reference library

2- 1st proofs of concept

3- Impact of biovolumes



❖Schedule

❖Presentation of Diat.barcode


❖Curation procedure

❖ Procedure

❖ Who? When?

❖ Standardisation


❖Completness of Diat.barcode

❖ In mainland France

❖ Particular cases


❖Divergences between classical and integrative taxonomy

❖ Divergence at specific level

❖ Divergence at deeper nodes
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Presentation of Diat.barcode
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❖ Why a reference barcoding library for diatoms?

❖ Website presentation



Why maintaining a reference library for diatoms?

❖Some reference libraries exist: 

❖ Generalists libraries: 


❖ PR2 : Guillou, L. et al. The Protist Ribosomal Reference database (PR2): a catalog of unicellular eukaryote Small Sub-Unit rRNA sequences with curated taxonomy. Nucleic 

Acids Res. 41, D597–D604 (2013).

❖ SILVA : Quast, C. et al. The SILVA ribosomal RNA gene database project: improved data processing and web-based tools. Nucleic Acids Res. 41, D590–D596 (2013).


❖ BOLD: Barcode of life database

❖ Specialists libraries: 


❖ Phytool: phytoplankton : Canino, A., A. Bouchez, C. Laplace-Treyture, I. Domaizon, & F. Rimet, 2021. Phytool, a ShinyApp to homogenise taxonomy of freshwater 

microalgae from DNA barcodes and microscopic observations. Metabarcoding and Metagenomics Pensoft Publishers 5: e74096. 16S, 23S


❖ PFR2: planktonic foraminifers: Morard, R. et al. PFR2: a curated database of planktonic foraminifera 18S ribosomal DNA as a resource for studies of 

plankton ecology, biogeography and evolution. Mol. Ecol. Res. 15, 1472–1485 (2015).

❖ EukRef-Ciliophora: ciliates : Boscaro, V. et al. EukRef-Ciliophora: A manually curated, phylogeny-based database of small subunit rRNA gene sequences of 

ciliates. Env. Microbiol. 20, 2218–2230 (2018).

❖ Dinoref: Dinophyta: Mordret, S. et al. dinoref: A curated dinoflagellate (Dinophyceae) reference database for the 18S rRNA gene. Mol. Ecol. Res. 18, 974–987 (2018)



❖For diatoms: 

❖ SILVA, Initiative EukRef and PR2 -> can be used for 18s

❖ Diat.barcode:


❖ Traceability of data

❖ Photos

❖ If no photos: reference to the publication or the website where photos can be found

❖ Demanding curation procedure (more than the above mentioned libraries)

❖ Many unpublished data are made available (TCC, UK-barcoding project …)

Why maintaining a reference library for diatoms?



Diat.barcode website
https://www6.inrae.fr/carrtel-collection_eng/Barcoding-database



Diat.barcode website
https://www6.inrae.fr/carrtel-collection_eng/Barcoding-database



❖All photos of the strains are downloadable

Diat.barcode website



Diat.barcode download
❖open access on the french research dataserve platform


All versions are available
from v1 to v11

https://entrepot.recherche.data.gouv.fr/
dataset.xhtml?persistentId=doi:10.15454/
TOMBYZ



Adaptation of Diat.barcode for metabarcoding
❖open access on the french research dataserve platform


For DADA2:
https://
entrepot.recherche.data.gou
v.fr/dataset.xhtml?
persistentId=doi:10.15454/
D7FO2T

For MOTHUR:
https://
entrepot.recherche.data.gou
v.fr/dataset.xhtml?
persistentId=doi:10.15454/
V53JZV



> 1500 bp -> 263 bp
> Some taxa (mostly varieties) 
which were different with full 
length rbcL, become identical 
with 263 bp barcode
> Need to adapt the taxonomy 
again

Full length alignment (5017 sequences)
Barcode

Why do we need an adaptation?



Diat.barcode
❖V11 content :


❖ 1512 taxa

❖ 5017 rbcL sequences

❖ 18S is not integrated since v5



https://www.google.com/maps/d/u/0/edit?
mid=1G2Gz_hjnWHMYGJGzbxIzRhpF_nj_eCo8&usp
=sharing

https://www.google.com/maps/d/u/0/edit?mid=1G2Gz_hjnWHMYGJGzbxIzRhpF_nj_eCo8&usp=sharing
https://www.google.com/maps/d/u/0/edit?mid=1G2Gz_hjnWHMYGJGzbxIzRhpF_nj_eCo8&usp=sharing
https://www.google.com/maps/d/u/0/edit?mid=1G2Gz_hjnWHMYGJGzbxIzRhpF_nj_eCo8&usp=sharing
https://www.google.com/maps/d/u/0/edit?mid=1G2Gz_hjnWHMYGJGzbxIzRhpF_nj_eCo8&usp=sharing


Curation procedure
_02
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❖ Curation



Sp A Sp B

Sp C

Reference database

Curation procedure
❖Curation addresses a practical problem of taxonomic assignation

Sp A Sp B

Sp C

Sp D

Reference database

Curation

eDNA



Curation procedure

❖Objective of the curation?

❖ To homogenize taxonomical names for a  given phylogenetic clade


❖Why?

❖ The identification skills of the authors of the barcodes can be different

❖ Taxonomy evolves from a year to another

❖ Length and quality of sequences may not be suitable for correct 

taxonomic identification



R-syst: curation
❖Collaborative work since January 2018


❖Publications :

Rimet, Frederic; Chonova, Teofana; Gassiole, Gilles; Gusev, Evgenuy; Kahlert, Maria; Keck, François; Kelly, Martyn; Kulikovskiy, Maxim; Maltsev, 
Yevhen; Mann, David; Pfannkuchen, Martin; Trobajo, Rosa; Vasselon, Valentin; Wetzel, Carlos; Zimmermann, Jonas; Bouchez, Agnès, 2018, 
"Diat.barcode, an open-access barcode library for diatoms", https://doi.org/10.15454/TOMBYZ, Portail Data INRAE, V9
Rimet F., Gusev E., Kahlert M., Kelly M., Kulikovskiy M., Maltsev Y., Mann D., Pfannkuchen M., Trobajo R., Vasselon V., Zimmermann J., Bouchez 
A., 2019. Diat.barcode, an open-access curated barcode library for diatoms. Scientific Reports. https://www.nature.com/articles/
s41598-019-51500-6

L. Kermarrec
(France)

R. Trobajo
(Spain)

D. Mann
(United Kingdom)

M. Kelly 
(United Kingdom)

J. Zimmermann
(Germany)

M. Pfankuchen
(Croatia)

M. Kulikovskiy
(Russia)

F. Rimet
(France)

M. Kahlert (Sweden)

https://www.nature.com/articles/s41598-019-51500-6
https://www.nature.com/articles/s41598-019-51500-6
https://www.nature.com/articles/s41598-019-51500-6


2nd curation step

1st curation step

Sequence integrated in 
Diat.barcode

Sequence rejected

Short 
sequences: 

constrained in 
the phylogeny

Muscle alignment of 
the new sequences

Long sequences: used 
for the phylogeny

Yes

NoCondition

Processi
ng step

New sequences from 
NCBI or other collections 

(TCC, RBGE …)

Pre-existing 
Diat.barcode 

alignment

Combination of both 
alignments

Is there 
no insertion, no deletion 
in the new sequence?

Are sequences 
long enough for 
the phylogeny?

Is the taxonomic id. 
similar to that of 

ther other 
sequences of the 

same clade?

Constrained phylogeny 
(RaxML GUI)

Taxonomic 
curation 

procedure
(cf. fig 4)

Does the 
taxonomic 

curation procedure 
solved dissimilarity 
in taxonomic id.?



Taxonomic curation procedure

Sequence integrated in
Diat.barcode

Is the taxonomic id. similar to the 
sequences of the same clade

Is there a peer-reviewed 
publication associated to the 

sequence ?

When checking the 
synonymies, does this 

enable to change the  name 
?

Does this change solve 
the id. dissimilarities in the 

clade?

Are there photos/slides 
associated to the 

sequence?

Does the examination of 
photos/slides change the id. of 
the new seq. and  solve the id. 

dissimilarities 
in the clade?

Based on the results of 
this publication an homogeneisation

of the ids. of the seq. 
in the clade is possible?

Sequence rejected

Yes

No
Condition

Processing 
step



R-syst: curation
❖Exemple of curation done by J Zimmermann (in 2018)

P. caputium: new species described in Zimmermann et al. 2014. PlosOne

P. caputium > synonyme of P. victorii (transferred into P. victorii in v9)

Publication + Algaterra

protistcentral.org

Diat.barcode

Publication

- Good bootstrap support = we can consider it as a robust species
- Availability of photos



❖General agreement: 

❖ Importance of metadata traceability !

❖ Accessibility of data: public


❖Storage of voucher specimens: in collections (Museums, Botanical 
gardens…), slides, strains, dry/frozen material

❖Metadata:

❖ Sampling: date, coordinates, country, habitat, depth, name of the person

❖ Voucher: in which collection, voucher ID, duplicate, DNA voucher…

❖ Molecular data: Sequencing technology, marker, primers, extraction method, PCR 

protocol, dates, name of the persons

❖ Culture details: isolation date, name of isolator, culture medium, strain identifier

❖ Taxonomic information: species name, name of the person who did the id, literature 

used 

❖Photos!

Standardization: diatom libraries



Standardization: diatom libraries
❖Standardization: started in 2012

❖European standardization Committee: formally accepted in 4 June 2018 (after 6 years process), 
translated in French in the end of 2018

❖A Poulickova (CZ), D Mann (UK), M Kelly (UK), M Pfannkuchen (HR), M Kahlert (S), R Trobajo (SP), K 
Sabbe (B), J. Zimmermann (D), A Bouchez (FR), F Rimet (FR)

❖Neela ENKE (D)



Standardization: all aquatic organisms 
(Rimet et al. MBMG 2021)

F. Leese
A. Bouchez
(leaders)



Completeness of Diat.barcode
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❖ How can we complete the library?

❖ Completeness in rivers of France

❖ Completeness in other habitats



How can we complete the library?
❖Cell isolation, cultures: 


❖ This is the classical method 

❖ Long and tedious


❖Single cell PCR (Hamilton et al. 2015):

❖ Identification of living cell 

❖ Ok for big species, more difficult for small ones


❖Cloning-sequencing of natural samples (Khan-Bureau et al. 2016)

❖ Long sequences of good quality 

❖ Expensive

❖ Can be done for samples with low diversities




❖Use of HTS sequences

❖ Select samples with target species never sequenced

❖ Criteria: - frustule and sequences must be abundant

	       - rbcl (coding): no indel, no stop codon

	       - Phylogenetic checkout

❖ F. RIMET, N. ABARCA, A. BOUCHEZ, R. JAHN, M. KAHLERT, F. KECK, M.G. KELLY, D.G. MANN, 

A. PIUZ, R. TROBAJO, K. TAPOLCZAI, V. VASSELON, J. ZIMMERMANN. Fottea

 KP229547 Amphora.commutata

 KM084978 Amphora.ovalis

 KM084927 Amphora.ovalis

 KM084928 Amphora.ovalis

 KM084993 Amphora.ovalis

 KM084926 Amphora.ovalis

 KC954577 Amphora.ovalis

 AM710511 Amphora.sp.

 AM710425 Amphora.libyca

 KM084932 Amphora.cf..pediculus

 TCC702-Rbcl-1 Amphora.pediculus

 KC954575 Amphora.pediculus

 HQ912403 Amphora.pediculus

 KM084934 Amphora.cf..pediculus

 KM084933 Amphora.pediculus

 AM710426 Amphora.pediculus

 AM710489 Amphora.fogediana

 KM084979 Amphora.aff..atomoides

 KP229546 Amphora.aliformis

 KM084982 Amphora.berolinensis

 KJ463471 Amphora.semperpalorum

 KJ463462 Amphora.hyalina

 HQ912466 Halamphora.coffeaeformis

 KJ463478 Halamphora.coffeaeformis

 KP400296 Halamphora.sp.

 KP400297 Halamphora.sp.

 KJ463458 Amphora.caribaea

 TCC477-Rbcl-1 Halamphora.montana

 TCC479-Rbcl-1 Halamphora.montana

 KT023600 Amphora.subtropica

 KJ463475 Amphora.subtropica

 AM710424 Halamphora.normanii

 FJ002103 Halamphora.coffeaeformis

 Otu00046 Halamphora.ganensis

 Otu00047 Halamphora.ganensis

 KJ463481 Halamphora.oligotraphenta

 KJ463480 Halamphora.coloradiana

 KJ463483 Halamphora.cf..veneta

 KJ463482 Halamphora.veneta

68

100

79

100

42

100

100

100

92

100

48

62
5293

91

18

82

76

86

36

26

97

43

28

42

37

81

95

100

0.01

How can we complete the library?



Résultats

❖Completion of Diat.barcode using environnemental samples


❖Several tens of abundant species in mainland France were added in Diat.barcode

+ Bretagne 2019

Achnanthidium delmontii
TCC961, 03/05/2017
ADOUR - MAUBOURGET
Prélev : R. IMBERT
Identif : F. PERES

Example of species 
added in Diat.barcode



Proportion of reads assigned to a species level according 
to the three versions of Diat.barcode (v7, v9 and v10), for 
the 6 regions of interest.



Shell scraping of sea turtle
Chelonia mydas

Mayotte Island

However, for some environments, the library remains incomplete.

Diat.barcode : completness?



Divergences between classical and 
integrative taxonomy
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❖ Divergence at specific level

❖ Divergence at deeper nodes



❖Classical taxonomy:

❖ Based on a single criteria

❖ For diatoms: frustule morphology

❖ Problem: phenotypique plasticity >> poses problems for the delimitation of species 


❖Integrative taxonomy

❖ Dayrat, B. (2005): Towards integrative taxonomy. – Biol. J. Linn. Soc. 85: 407–415.

❖ Species description/delimitation should be based on several criteria: 


❖ Morphological

❖ Molecular

❖ Ecological

❖ …

Divergences between classical and integrative taxonomy



❖Integrative taxonomy: example with Planothidium


Morphological criteria

Divergences between classical and integrative taxonomy



❖Integrative taxonomy: example with Planothidium


Molecular criteria

Divergences between classical and integrative taxonomy



❖Taxonomie intégrative : exemple


Taxonomie classique / Taxonomie 
intégrative

Planothidium victorii

Planothidium frequentissimum

Planothidium cf. subantarcticum

Planothidium cryptolanceolatum

Planothidium lanceolatum

Planothidium taeansa

Planothidium naradoense

Planothidium suncheonmanense

Combination of 
morphological + 
molecular criteria to 
delimit species 



❖Integrative taxonomy : example with 

39 cultures of Gomphonema parvulum: 

❖ sequenced (ITS, rbcL, cox1), 

❖ morphology (LM, SEM), morphometry


❖4 clades

❖Biogeographic distribution limited (tropics/temperate)

❖Criteria discriminating these clades are not classically

used


❖Answer: Yes (PlosOne 2014)

❖Formal description of new species almost impossible 

to reconized in LM

Divergences between classical and integrative taxonomy



❖Divergence at deeper nodes 


Less concerned in metabarcoding but important for our general back ground

Divergences between classical and integrative taxonomy



• Traditional classification : 4 classes

– Coscinodiscophyceae : centrics cf. Melosira, Aulacoseira

– Mediophyceae : centrics cf. Cyclotella, Stephanodiscus

– Fragilapiophyceae : bilateral symmetry, no raphe

– Bacillariophyceae : bilateral symmetry, raphe


Internal view of valve 
of Stephanodiscus sp. showing the 
rimoportula (R), central fultoportula 
(CF) and four marginal fultoportulae 
(MF). Each fultoportula has two 
satellite pores
https://westerndiatoms.colorado.edu/
glossary/term/Fultoportula

Divergences between classical and integrative taxonomy



 Fig. 2. Maximum likelihood trees of diatom structural group relationships from analysis of (a) the chloroplast encoded psaA gene, 
(b) psaB gene, (c) 1st and 2nd codon positions of all six chloroplast genes aggregated, and (d) all six chloroplast genes, all positions. 
Branch color reflects major structural groupings (red = radials, black = polars, blue = araphids, orange = Raphid pennates).

http://dx.doi.org/10.1016/j.ympev.2015.03.012

Coscinodiscophyceae


Mediophyceae


Fragilariophyceae


Bacillariophyceae

❖207 cultures

❖6 genes: 

1 nuclear, 4 chloroplastic, 1 mitochondria




❖The 4 diatom classes are paraphyletic :  !! Systematic only accept 

monophyletic groups !!


Paraphyletic: group that does 
not include all descendants

Monophyletic : group 
whose descendants 
have a common 
ancestor

Polyphyletic : group 
whose descendants do 
not have a common 
ancestor

Divergences between classical and integrative taxonomy



Results of Theriot were integrated in the 
revision of Adl by Mann



Phylum Subdivision Class Sub class Genre                    

Diatomeae Leptocylindrophytina Leptocylindrophyceae Leptocylindrus	Tenuicylindrus																			
Diatomeae Leptocylindrophytina Corethrophyceae Corethron																				
Diatomeae Ellerbeckiophytina Ellerbeckia																				
Diatomeae Probosciophytina Proboscia																				
Diatomeae Melosirophytina Aulacoseira	Melosira	Hyalodiscus	Stephanopyxis	Paralia	Endictya															
Diatomeae Coscinodiscophytina Actinoptychus	Coscinodiscus	Actinocyclus	Asteromphalus	Aulacodiscus	Stellarima															
Diatomeae Rhizosoleniophytina Guinardia	Rhizosolenia	Pseudosolenia																		
Diatomeae Arachnoidiscophytina Arachnoidiscus																				
Diatomeae Bacillariophytina Mediophyceae 																				
Diatomeae Bacillariophytina Mediophyceae Chaetocerotophycidae Hydrosera																				
Diatomeae Bacillariophytina Mediophyceae Lithodesmiophycidae Lithodesmium	Lithodesmioides	Helicotheca	Bellerochea	Ditylum																

Diatomeae Bacillariophytina Mediophyceae Thalassiosirophycidae
Thalassiosira	Lindavia	Cyclotella	Stephanodiscus	Cyclostephanos	Discostella	
Bacteriosira	Skeletonema	Detonula												

Diatomeae Bacillariophytina Mediophyceae Cymatosirophycidae
Cymatosira	Minutocellus	Papiliocellulus	Leyanella	Extubocellulus	
Plagiogrammopsis	Campylosira	Brockmanniella	Pierrecomperia												

Diatomeae Bacillariophytina Mediophyceae Odontellophycidae Odontella	Triceratium	Cerataulus	Pleurosira	Pseudauliscus	Amphitetras	Trieres	

Diatomeae Bacillariophytina Mediophyceae Chrysanthemodiscophycidae
Chrysanthemodiscus	Biddulphiopsis	Trigonium	Isthmia	Lampriscus	Stictocyclus	
Ardissonea	Climacosphenia	Toxarium												

Diatomeae Bacillariophytina Biddulphiophyceae Biddulphiophycidae Biddulphia	Attheya																			
Diatomeae Bacillariophytina Bacillariophyceae Striatellaceae Striatella	Pseudostriatella																			
Diatomeae Bacillariophytina Bacillariophyceae Urneidophycidae Plagiogramma	Dimeregramma	Rhaphoneis	Delphineis	Psammoneis	Bleakeleya	

Diatomeae Bacillariophytina Bacillariophyceae Fragilariophycidae
Fragilaria	Synedra	Tabellaria	Asterionella	Diatoma	Tabularia	Cyclophora	Astrosyne	
Licmophora	Rhabdonema	Grammatophora	Staurosira	Thalassionema								

Diatomeae Bacillariophytina Bacillariophyceae Bacillariophycidae

Cylindrotheca	Navicula	Seminavis	Haslea	Stauroneis	Pleurosigma	Gyrosigma	
Achnanthidium	Cocconeis	Frustulia	Diploneis	Sellaphora	Pinnularia	Gomphonema	
Cymbella	Didymosphenia	Phaeodactylum	Amphora	Entomoneis	Epithemia	

Update of diatom taxonomy

Diat.barcode include « classical » and updated taxonomy



Schedule 

1- reference library

2- 1st proofs of concept

3- Impact of biovolumes



Séquençage 

haut-débit

Amplification 
barcodes (rbcl)

Extraction 
ADN

InventaireRivière

IPS
Very good

Good

Moderate

Poor

Very poor

Calcul d’indice

1st proofs of concept

Diat.barcode

Base de ref



1st proofs of concept (1) La Chiers river (France )

Le Lay river (France )

Mayotte island (France )

La Réunion island

(France )

LACL 
morphology

LACL1 SSU 
rDNA

LACL1 
rbcL

LACL2 SSU 
rDNA

LACL2 
rbcL

CHLO 
morphology

CHLO SSU 
rDNA

CHLO 
rbcL

COIN 
morphology

COIN SSU 
rDNA

COIN 
rbcL

BDNA 
morphology

BDNA SSU 
rDNA

BDNA 
rbcL

-0,2
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0,08 0,16 0,24 0,32

Coordinate 
1
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-0,1
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-0,0
8

0,08

0,16

0,24

0,32

C
oo

rd
in

at
e 

2

Tropical

Low diversity

Tropical

High diversity

Temperate

High diversity

Temperate

Low diversity

80%

80%

43%

25%

100%

91%67%

67%

60%
80%

Kermarrec et al. Freshwater Science 2014

For the first proof of concept we wanted to compare 
the inventories (not the index values)

- 4 samples 2009 : 

	 - Tropical low diversity

	 - Tropical high diversity

	 - Temperate low diversity

	 - Temperate high diversity

- Roche 454: 18s + rbcl

- Bioinformatic: developped a homemade program: 
Metamatch

- Good correspondence rbcl/18s/microscopy




1st proofs of concept (2)

Mayotte



1st proofs of concept (2)

Mayotte



> 2011: Mayotte became a French department after a referendum

> Part of EU, and all directive must be applied, including the WFD

> Our team was in charge of developing its monitoring system and to 
test alternative methods, including DNA metabarcoding

1st proofs of concept (2)
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Morphological IPS
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❖ Good correlation but…

❖ Values of IPS DNA > IPS morpho

❖ Dominant taxa are different (Eunotia et Ulnaria)

❖ Systematically big species were dominant in DNA

Eunotia soleriolii

10µm

Nitzschia inconspicua

5 µm

20µm

Ulnaria ulna

Calculation of index values from microscope and DNA inventories

Dominant in DNA 
inventories

Dominant in 
morphological 
inventories



Schedule 

1- reference library

2- 1st proofs of concept

3- Impact of biovolumes



Pinnularia viridiformis (≈ 13,700 µm3) Achnanthidium minutissimum (≈ 80 µm3)

rbcL

Chloroplast nb. X Genome nb. X rbcL nb.

? ?

10µm

10µm

Link between gene copies and cell biovolume?

Vasselon, V., Bouchez, A., Rimet, F., Jacquet, S., Trobajo, R., Corniquel, M., 
Tapolczai, K., Domaizon, I., 2018. Avoiding quantification bias in 
metabarcoding: Application of a cell biovolume correction factor in diatom 
molecular biomonitoring. Methods in Ecology and Evolution 9, 1060–1069. 
https://doi.org/10.1111/2041-210X.12960

https://doi.org/10.1111/2041-210X.12960


❖8 diatom cultures of different species

❖Cultivated in triplicates

❖Evaluation at 7 different dates :

- nb of rbcL copies with qPCR

- cell concentration in the culture


Link between gene copies and cell biovolume?



rb
cL

 c
op

y 
nb

. l
og

 (x
+ 

1)

0

1

2

3

Cell biovolume µm3 log (x + 1)
0 1 2 3 4 5

y = 0,7271x - 1,0171

R² = 0,9351

P. viridiformis

U. ulna

D. tenuis

N. palea

C. meneghiniana

F. perminuta

A. minutissimum

N. inconspicua

❖There is a relation between cell 

biovolume and nb of copies

❖It is a log correlation


Link between gene copies and cell biovolume?



❖Based on this correlation, we proposed a correction factor to transform DNA 

inventories to make them similar to microscope inventories

❖This enable to calculate indices based on the transformed DNA inventories

❖Each species has a specific correction factor based on its biovolume (available 
in Diat.barcode): 


Link between gene copies and cell biovolume?

Biovolume 
µm3

Correction factor
CFv2

Achnanthidium 
minutissimum 76 2,18310673
Pinnularia acrosphaeria 5500 75,7149868



Let’s transform a DNA inventory into a microscopy-like inventory!



Taxon Frustule	
%

Biovol.	
(µm3)

Sequences

%

Achnanthidium	minutissimum
 75 76 15

Amphora	pediculus
 13 72 2

Navicula	cryptotenella
 10 386 10

Melosira	varians
 2 14515 73

Let’s transform a DNA inventory into a microscopy-like inventory!



Taxon Frustule	
%

Biovol.	
(µm3)

Sequences

%

CFv2

Achnanthidium	minutissimum
 75 76 15 2,18

Amphora	pediculus
 13 72 2 2,13

Navicula	cryptotenella
 10 386 10 5,62

Melosira	varians
 2 14515 73 282,93

Let’s transform a DNA inventory into a micrscopy-like inventory!



Taxon Frustule	
%

Biovol.	
(µm3)

Sequences

%

CFv2 Seq	%	/	CF Sequences	
transf.	%

Achnanthidium	minutissimum
 75 76 15 2,18 6,87 70

Amphora	pediculus
 13 72 2 2,13 0,94 10

Navicula	cryptotenella
 10 386 10 5,62 1,78 18

Melosira	varians
 2 14515 73 282,93 0,26 3

Let’s transform a DNA inventory into a micrscopy-like inventory!
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Application on Mayotte rivers



Application to balkan region?

? ?



Questions?




