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_Presentation of Diat.barcode

% Why a reference barcoding library for diatoms?

% Website presentation
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COFEIOLAWEB  Why maintaining a reference library for diatoms?

+Some reference libraries exist:
< Generalists libraries:

’ -
o 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:
o PhytOOI: phytoplankton = Canino, A, A. Bouchez, C. Laplace-Treyture, |. 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: €74096. 16S, 23S

‘ . - - - .

<+ PFR2: plankton ic 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-Cil lophora: ciliates : Boscaro, V. et al. EukRef-Ciliophora: A manually curated, phylogeny-based database of small subunit rRNA gene sequences of

ciliates. Env. Microbiol. 20, 22182230 (2018).
% Dinoref: Dlnophyta: Mordret, S. et al. dinoref: A curated dinoflagellate (Dinophyceae) reference database for the 18S rRNA gene. Mol. Ecol. Res. 18, 974-987 (2018)



COFEIOLAWEB  Why maintaining a reference library for diatoms?

“+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% Many unpublished data are made available (TCC, UK-barcoding project ...)

DIAT.BARCODE




& B5IOLAWEB Diat.barcode website

https://wwwé6.inrae.fr/carrtel-collection_eng/Barcoding-database
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COFBIOLAWER  Diat.barcode website

https://wwwé6.inrae.fr/carrtel-collection_eng/Barcoding-database
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& BIOLAWEB Diat.barcode website

“+All photos of the strains are downloadable

"B

INRAG == (D

Presemation Cultu‘e search How 1o order Culture media Barcoding ditabase Photos
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BIOLAWEB Diat.barcode download

“*open access on the french research dataserve platform

:"5-?-‘3‘-' VIR0 33N g [ ReCherche « ADroDos Gude Lisam -“eeon NS ~ SINscree S COMmeciey
Data INRAE (insttut nasonal de recherche poer Fagrcubure Falimestation #f feswronnement
Rechaecne Daa Gow > Daa INRAL
Diat.barcode, an open-access barcode library for diatoms
D Rimet, Frecenc, Chonova. Testana. Gassiok, Giles, Gusey. Evganuy. Keniert. Nana, keck. Frangors, Kelly MoGles Facoes au dataset ~
o Mamm. <OChoska. HIHtNA. Kabkovskly. Masm. Levkon. Zatko. MaRsev. revhen Mann David Pranntuchen pry——— Pataper
— Mann Trebajo Rosa. Vasselen, Vakntin, Wetzel, Canos, Zimmermann, Jonas. Bouchez, Agnis, 2018
CHE— “THSL DaCO0e, aN OPEN-SC0es; Darcode IRezry for Galoms’. MIps Vool oy 10 15454TOMBYZ Recheche Dita Satretiny e it Beation <iir e Axtyoste
e i Lt 0 All versions are available

Cler o atacet - Aour e appresdre davanitage cur e cujetl conculier e 4 M7 cossunatiens O

Jocument Data Ciiaton Standaras jen) from V1 to V1 1

1 103 téiechargements B

Descrption ) Deatoms (ScHanophita) ane UDIQUIUS MKICAIgae WhiCh produce 3 sICeous exoskekan and whics 0 ctason©
MAKE 3 MANOF CONMDINCN 10T PICDUCTVEY OF CCEANS AND WeSPWALErS. 1Ney (SPIaY 3 HUge IVersey
ATICH Makes hem exxelient OHOJCA INGCA0rS of AQUISC ACOHSIeMS. and CaN AlS0 De LSed 10
TOCONCYUCE PICOCNWONMOrs Uity aAltoms e wensioa uang ChIrCers1os of how
REOSKERION MOrPhOkgy, WhCh CaN De BME CONSLMING g moe-prone. DNA-Larcodrg s an
AAmane 10 Mis anathe use of HO)-THeosdRout-SaquUercing erabies N ragsd analsis of many
POVHOOMRNtal SAMpiES 3t 3 Dwer Cost than If spedalist aralysts are used. However, 10 Bentit

POWVHOOMRNIAl SOQUENCES COTRCTY, 3N expertly Cumied relerence KDY 15 NOestd Several Curated httpS ://entrepot. recherche.data.gouv.fr/
Reanes 107 PIOsts @xsts. NNe, Novever, e 0edcated 1 datons . .

Diat DACOSE i AN OPN-AC0esS IReary Geckated 1) GAIONS which has teen maintaned since 2012 ¢ dataset.xhtml?persistentld=doi:10.15454/
M35 PONRC W TN JACOBNG NEVCAK OF NIKA (F1RNCH KADONG INSIIE 1Of AYNCUNSM Kesearcn) TOMBYZ

R-Syst 1S nowan intamationad Intiatve parly supponed by a Cost network (DNAGUa-met) Daa come
YoM Do COWoes (1) he NCRI nuclotide aatabace (Nasiona Coster for Biatecanalogy Informaton)
g (2)ungubished sequencng dats of cuture colections in France, UK and Russia Since 2017
several European experts have collaboraned 1o custe this ibeary for il a chivoplas manoer
SURADie 10 species-toved Identificaton of daloms. “or e laNests versiors of the datatase. mone thar
5100 curaned barcodes are avallabic. The caabase s acoesSRie through RMIps wwwe Infa frcamed-
tolection_eng Barncodng-oaabase A readv-10-use subse of the database for metabaodng
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Adaptation pf Diat.barcode for metabarcoding

“*open access on the french research dataserve platform

}
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For DADA2:
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Why do we need an adaptation?

> 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
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& BIOLAWEB Diat.barcode

“*V11 content :
< 1512 taxa
< 5017 rbcL sequences
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+ 18S is not integrated since v5
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Sequence name: KX120649 - Barcode:
rbel - Taxon name: Surirella sp. isopeolar

Latitude (decimal degre... 32572631
Longitude (decimal deg... 17 5873524

L o B ol |

§ FIATRAR 117 52252



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

02

Curation procedure

< Curation

Funded by European Union www.biolaweb.com



(OFIOLAWER  Curation procedure

Curation addresses a practical problem of taxonomic assignation

Reference database

SpA

Curation




COFEIOLAWEB  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



COFIOLAWER  R-syst: curation

“Collaborative work since January 2018

D. Mann M. Kelly
(United Kingdom) (United Kingdom)

F. Rimet L. Kermarrec
(France) (France)

M. Pfankuchen J. Zimmermann R. Trobajo

0:0 P u b I i cati o n s : (Croatia) (Germany)

Rimet, Frederic; Chonova, Teofana; Gassiole, Gilles; Gusev, Evgenuy; Kahlert, Maria; Keck, Francois; Kelly, Martyn; Kulikovskiy, Maxim; Maltsev,
Yevhen; Mann, David; Pfannkuchen, Martin; Trobajo, Rosa; Vasselon, Valentin; Wetzel, Carlos; Zimmermann, Jonas; Bouchez, Agnés, 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/

$41598-019-51500-6

M. Kulikovskiy
(Spain) (Russia)


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

1st curation step

2nd curation step




Taxonomic curation procedure




CO

JLAWEB  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)

71 KJ658392+Planothidium frequentissimum

*KM084959+Planothidium caputium
_[ *JQ610172+Planothidium sp.
— TCCG617+Planothidium frequentissimum

] *@KYB650810+Planothidium caputium
6
{ 7

== Publication |

1 - = ‘{_E *@KY850820+Planothidium caputium
*@KY650819+Planothidium caputium
% \ *KM084938+Planothidium caputium Diat.barcode ]

*@KY650812+Planothidium caputium
i{— *@KY6508 16+Planothidium caputium

90 50 [ '~ *@KYB50830+Planothidium caputium

[»3 [ *@KY650808+Planothidium caputium

*@KY650807+Planothidium caputium
*@KYB50806+Planothidium caputium

Publication + Algaterra_|

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

“+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:

O/
L. %4

R/
L X4

O/
L. %4

O/
0’0

O/
L. X4

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!



COFIOLAWEB  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)

TECHNICAL REPORT FINAL DRAFT
N N / .,
RAPPORT TECHNIQUE KPR/ IR 17249
TECHNISCHER BERICHT
lanuaary 2018
EUROPEAN COMMITTEE FOR STANDARDIZATION SIga Farvien
COMITE FUROPEEN DE NORMALISATION Wazter cuality - Tecanical report for the management of

EUROFAISCHES KOMITEE FUR NORMUNG diatom barcedes
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(Rimet et al. MBMG 2021)

I m I M B M G Metabarcsding ard Vetpaanomics 50 L=,
Sl LK =5 gy B )

Metabarcoding & Metagenomics

Metadara standards and pracrical guidelines for specimen and DNA

curation when building barcode reference libraries for aquaric life

Frédéric Rimet , Eva Aylagas’, Angel Borja® 7, Agnés Bouchez', Alexis Canine’,

Christian Clauvin®, Teofana Chonova', Fedor Ciampor J1”, Filipe O, Costa” ’.

Benoit ). Ferrari®, Romain Gastinean”, Chloé Goulon'. Mericl Gugper'”,

Macia Holzmana'' cgmc]ulm 7, Maria Kublect . Walf Henning Kusher 7,

Christophe Laplace- Ireyvure’, Florian Leese *., Frederik Leliaert’”, David G. Mann “ 7.
Fradéric Marchand #, Vona Méléder” ]nn Pawlowski ' Serena Rasconi'. Sinviona Rivers'
Rodaolphe Ilmngc:rlt22 Magali Schweizer™, Rosa Trobajo'* Valeatin Vasselon™, Régii\'iv‘img.
Alexander Weigand ™, Andrzey Witkowska . Jonas Zimmernann'?, Torbjerm Ekrem®”

* * %
L a

. D N f\qua -Net
P A F. Leese
*( A. Bouchez

(leaders)

Z Catlegories of toetnduta
A1 Kinlogieal motenal metodara

Tl el la Dsted Lelow mve 1he obligalory and recout-
wiended ileas Dt ensure e raceabdily ol (he bivlugical
material usad for 1DNA harvesting (822 Secrion 2.10.

Diological specunens and envivvmmneninl sumples
ObHgatory metadata
1. Localion ol lbe smnpling sile
a)y Creographical coardirares: o example. 2xpressad in
devitual values I WGSE ] orin a Jullervnl, specilivd
gengraphical posirianing sysram.
by Connny acenrding 0 tha 180 3166 srandard, ac-
cepled nawe ol ovedn o sea.
<) Namaz nf rhe lacality.
TLenarks

l'or spacies of hetitage interest, Rad 147 apecias or

erdangrervd specices, pylonal or reetomsl regulatzons

mizhr ask 107 W reveal pracise location encedinaras

i order to protect thair populations. These regula-

tiems shoubd be Dollowed and the exiscl localiiy mifor

mation hidd:n

In osorne cases, exach coandmiles are v avalable

(c.2. whea older museum spocimens arc vzad, here a

coorctorence of the locality plu: an cstimated voesr-

ity mommelres can D sadded).

2. Dare of sampling, pretorably o ISO-formar (VY Y V-
MM-DD).
Name of person wha eolleered the specimen.
4. Plotos) of the vowehier speeiuen show g dlagnos-

tie feanures, inclucding scalals).

) Macvsoopic vazmnsins: whole speciun or spec-
ificd parrs impectant for marphological identifica-
o Tor Dshe photes should b laken ol the el
side of the specimen. For specimens in which the
umplwlu- v v be allered dunny slozawe (eg diy
soraze of woluses) o1 preservalion melied (oo

Standardization: all aquatic organisms

Recommended meladulu
Fnviranment fccosysremy ar sampling site (2.2. Laks,
aveT, swatuy. did Jul, vpeu seq, g\)und.wdln. by
parhzes, mangrave. lagoon, cstary, dozp s2a. mcky
shiore, coral 1zel =lc. ).

L Subsrrarz (reck, macrophyrs seciment, hor venr. in-
lerslilial, #lc.).

i Habirar fe.z. plankton, pipzlen. epilithon, epipsam-
uen. vchwplankien, slluvial emon, pervus on Karsl-
ic aquifar, sea flaar, pelagic. benthic. intertidal. suh-
dal. ele)

1. Saupligs clevatzoo [oss D).

5. Sanmpling deprh (m).

G Sampling devies or sampling protecol

7. Photos of the sampling sir2

§  Egvuoamental mcanuwcments: luminesity, pH, con-

cucivily, salimly, lenrperaiure, sedunenl’s cuan size,
CIEANIC matter conrent and rodox potential.

0o Mam ecalozical lmchonis) of the specimsa (il
koown). For instance., alrcady oxizung ccolozical C]fb-
silications, sl ay I".\PROT.\X (Lowsy el al, 20
ancd “laxtFan (ABkaner ot al I-M) o bacrena. rhg
clussilicutvn ¢f Reynokls <t .|l (20021 wnd Pudlisak =
al, 12009 for phywplakion aud Ritel smd Douches
(200 20 far diaroma, for macio-invertehrates the classi-
beation ol Tsseglio-Polalers el al, (20007 or Lo plioels,
the one of Karrgc ot al. (20110

100 Plwles should ciary (he e ol Qe phologephier snd
assaciatod licenos, peefarably a Creanve Commons
Livence [Lat allows usawe Ly (hard panties

11, The FAO fishory arca whare the sampling was done
Clor minine [axa).

Cullures

Obligatory

I Meladata associaled wills Uie enviromapenlal samgple
which was naed tn 2itablish the atlmre (se2 ahove
weclivn).
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Completeness of Diat.barcode

% How can we complete the library?
% Completeness in rivers of France

% Completeness in other habitats

Funded by European Union www.biolaweb.com



COFEIOLAWEB  How can we complete the library?

+Cell isolation, cultures:
% This is the classical method

“ Long and tedious

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

% ldentification of living cell

“Cloning-sequencing of natural samples (Khan-Bureau et al. 2016)
“ Long sequences of good quality
% Expensive

% Can be done for samples with low diversities



JLAWEB How can we complete the library?

+*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

26

48

86

KP229547 Amphora.commutata
KMO084978 Amphora.ovalis

KMO084927 Amphora.ovalis

g2 | KM084928 Amphora.ovalis

KM084993 Amphora.ovalis

KM084926 Amphora.ovalis

KC954577 Amphora.ovalis

AM710511 Amphora.sp.
AM710425 Amphora.libyca

KMO084932 Amphora.cf..pediculus
TCC702-Rbcl-1 Amphora.pediculus

KC954575 Amphora.pediculus
HQ912403 Amphora.pediculus
KM084934 Amphora.cf..pediculus
KMO084933 Amphora.pediculus

18 | AM710426 Amphora.pediculus

AM710489 Amphora.fogediana
KMO084979 Amphora.aff..atomoides

KP229546 Amphora.aliformis
KM084982 Amphora.berolinensis

41(11)‘: KJ463471 Amphora.semperpalorum
KJ463462 Amphora.hyalina

0.01

97

100 | HQ912466 Halamphora.coffeaeformis
KJ463478 Halamphora.coffeaeformis

100 | KP400296 Halamphora.sp.
KP400297 Halamphora.sp.
KJ463458 Amphora.caribaea
TCCA477-Rbcl-1 Halamphora.montana
TCC479-Rbcl-1 Halamphora.montana
KT023600 Amphora.subtropica
100 | KJ463475 Amphora.subtropica

68 AM710424 Halamphora.normanii
I— FJ002103 b rmis

u00046 Halamphora.ganensis:

28

lalamphora.ganensis

37

oligotraphenta

P KJ463480 Halamphora.coloradiana
4100{ KJ463483 Halamphora.cf..veneta
KJ463482 Halamphora.veneta




CIOBIOLAWEBR  Résultats

“Completion of Diat.barcode using environnemental samples

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

Example of species
added in Diat.barcode

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

Longude

o Samoling campaigr 2016 m Sampling campaign 2017

+ Bretagne 2019



CBIOLAWEB

100
90
80
70
60
50
40
30
20
10

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.

//'/38

v7 vS v10

ws [ F ANCE MELTD s GUY3NE w (GUadeloupe

Martinique e \ayotte w——— REUNION
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Diat.barcode : completness?

However, for some environments, the library remains incomplete.

Shell scraping of sea turtle
Chelonia mydas

Mayotte Island

S Nlsziy BeEsanta d

e
--’

Microscopy

O dentified to genus level
vath uncertainty

Identified to genus level

® Identifid as new or near an
existing species
@ Identified to species level

Metabarcoding

C Identified to class level

0 Identified to order level
C Identified to family level
E Identified to genus level

W Identified to species
level
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Divergences between classical and
integrative taxonomy

% Divergence at specific level

+ Divergence at deeper nodes

Funded by European Union www.biolaweb.com



CHrioLawes Divergences between classical and integrative taxonomy

“Classical taxonomy:

+ Based on a single criteria

7

% 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

0

% Ecological

23
...



CHrioLawes Divergences between classical and integrative taxonomy

*Integrative taxonomy: example with Planothidium

Pecareriveliners Fumcwodolsmwe ool Plawnthidivear frmaenancimum voinvestgated with owmlecw e
muthods und merphelogy: Fur mew spicies and the ts xonomic brpertuncs of the sinus und
Cavim
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MLEE jm.‘s Planolllidlum lanceolotum L1 MAXIM KULIKOVSKIV, EVGENIV GUSEYY. WOLF-HENNING KUSBER & JUNAS ZIMMERVANNS
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mLag \ D26_014_Pianothidium_cryptolanceolatum

KoRA0G10_1_Planathidium_cryptolanceclatun
e~ | s Bl S AR 3 Morphological criteria
‘{ D06 117!- Plonothi _frvqwnhw’mum F1

IS4 023 02-1 Planothid)um numdoense HOLOTVPE
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e - mem_wn}_m
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Ko0408_Planothidium_suncheonmonense HOLOTYPE | OUtgroup
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Fig. 3. Strvt vonsensus tnee of 11 ML unulysis o the murphelogicn] crmcter |lllJll’l\ (Table 21 with bootslrup stalislics ( > 50),




COHrioLawes Divergences between classical and integrative taxonomy

*Integrative taxonomy: example with Planothidium

MEW D16 002 Plonothidium lanceslatum
L0, AP -‘;E B146 Plonathidium_ lanceolatum L1
DO&E 047 Plonothidium lanceslatum
o BV —— D17 002 Plonethidivm cf subontarcticum

——————— D26_00Z Flonothidium:_toeansa HOLOTYFE
LI e PL3_Pancthidium_lencesiatum
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: I Planothidium suncheonmanense

C{) BIOLAWEB

Combination of
morphological +
molecular criteria to
delimit species
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S5LAWEB Divergences between classical and integrative taxonomy

e Protist
DUGINAL PAFER
gierst‘Egideliwe S:fe::?e Exiztel'\oe of @
X i . I mi-Cryptic esandofa e
“Integrative taxonomy : example with EOOas i Stractare In the
Gomphonems parvulum (Kiitzing)

39 cultures of Gomphonema parvulum: Kutzing Complex (Bacillariophyte)

% sequenced (ITS, rbcL, cox1),
% morphology (LM, SEM), morphometry

wirabg Rerwanec” *, Agis Dowchet’ *, Frecdic Riwet” ' ansd JoarFrengoks Humbmit™*

£ o ara e - ————

+4 clades
“*Biogeographic distribution limited (tropics/temperate)

“*Criteria discriminating these clades are not classically

used

LY R LALAALMLS

””H””/”//Un:-

i §

'@'

'quHNN””N”r

Does the Cosmopolitan Diatom Gomphonema parvulum
(Kutzing) Kiitzing Have a Biogeography?

o, . 1. 1 . (W] 1
ARSI e [ Frns Lo ey Jimmermann®, Mok Bk

“*Formal description of new species almost impossible

to reconized in LM

P
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CY BIOLAWEB Divergences between classical and integrative taxonomy

“*Divergence at deeper nodes

Less concerned in metabarcoding but important for our general back ground



CHrioLawes Divergences between classical and integrative taxonomy

 Traditional classification | 4 classes

— Coscinodiscophyceae : centics cf. Meiosira, Aulacoseira
— Mediophyceae . centrics cf. Cyclotella, Stephanodiscus

— Fragilapiophyceae : iateral symmetry, no raphe

— Bacillariophyceae : biateral symmetry, rapne

v. ‘l .' i - ¥
i .Ts -
- \ "
\ W2
e Internal view of valve
o LU RS R
. ‘ . -
» . .

- of Stephanodiscus sp. showing the

rimoportula (R), central fultoportula
K (~ ‘ (CF) and four marginal fultoportulae
B O ‘1 (MF). Each fultoportula has two
s N Pt satellite pores
https://westerndiatoms.colorado.edu/ 558
.| glossary/term/Fultoportula




Ubndeow Lr Py logenetics and Fundurion B9 (3N 5] 3805

CQ’: ) O LAWEB ZTany Contests I sts svallabls st ScienceDirect ol

AR TS
o Maolecular Phylogenetics and Evolution %
%207 cultures : v 55
ELSEVIER iournal Fenmepaue. www. 2 sevier.conflocole/vinpey gl
6 genes:
1 nuclear, 4 chloroplastic, 1 mitochondria Dissecting signal and noise in diatom chloroplast protein encoding genes @, el

with phylogenetic information profiling
Edward C. Theroc*, Mat: P. Ashworth **, Teofil Nakov *', Elizabett: Ruck©, Robert K Jansen **

In addition to the nuclearly encoded small subunit of the rDNA
(nsstre and rwo chloroplast enceded genes, ribulase hisphosphare
carboxylase large chain, (rbel), and photosystem Il CP43 protein
gene (pshC) of Therot et al. (2000, 20110, we sequenced the
pherasysrem | p/00 apoprorein A1 gene (psaA’)L the photosystem |
P00 apnprarein A2 gene [psal]) and photosystem |11 prorein 1N
gene [pshA), and the ATP synthetase hera-subunit gene [arph).
NDNA extraction and sequencing followed Alverson et al. (2007
and newly-developed primer sequences are available inTable 52,

(b)

redials Coscinodiscophyceae

polars Mediophyceae
araphds .
Fragilariophyceae
: 0.z =——
By, == L= Raphids
6 chioroplast Jenes - 6 chloroplast geres - 3;_ S
3rd codon postion removed ; Bacillariophyceae

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



CHrioLawes Divergences between classical and integrative taxonomy

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

monophyletic groups !!

Polyphyletic : group
whose descendants do
not have a common

ancestor

i Monophylyuslnll‘:meﬁ
- \\ '\ Hewwarl Ddwor d ,
‘Lemurs \:: Jrorkcyz  Monkevs A Humans‘

" \ \\.\>\ g
- N L )
AN = S /
A Y Y . ’ !
Y .~
N, -~ -~
A5 N, -~ ]
., s J
4] ., > )
-‘~. Py /
‘-'
X f
N R

Paraphyletic: group that does
not include all descendants

Monophyletic : group
whose descendants
have a common
ancestor
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OFIGINAL ARTICLF

Revisions to the Classification, Nomenclature, and Diversity
of Eukaryotes

Jowrnal of Echaryotic Micrekislo gy ISSN 30865224

Sina M Adts @. Nave Faee® @ Christegher = 1are®, Julins | 1kee®' @ Ceerat | Schock®, Alaxey
Smirrov', Sabire Agatha, Codric Barnay @ Matthew W. Brown™', Fekion Burki™, Paco Cirdense” @ Ivan
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revision of Adl by Mann
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CBIOLAWEB

DIAT.BARCODE

Update of diatom taxonomy
Diat.barcode include « classical » and updated taxonomy

Phylum

Diatomeae
Diatomeae
Diatomeae
Diatomeae
Diatomeae
Diatomeae
Diatomeae
Diatomeae
Diatomeae
Diatomeae
Diatomeae

Diatomeae

Diatomeae
Diatomeae

Diatomeae
Diatomeae
Diatomeae

Diatomeae

Diatomeae

Diatomeae

Subdivision

Leptocylindrophytina
Leptocylindrophytina
Ellerbeckiophytina

Probosciophytina
Melosirophytina

Coscinodiscophytina
Rhizosoleniophytina
Arachnoidiscophytina

Bacillariophytina
Bacillariophytina
Bacillariophytina

Bacillariophytina

Bacillariophytina
Bacillariophytina

Bacillariophytina
Bacillariophytina
Bacillariophytina

Bacillariophytina

Bacillariophytina

Bacillariophytina

Class

Leptocylindrophyceae

Corethrophyceae

Mediophyceae
Mediophyceae
Mediophyceae
Mediophyceae

Mediophyceae
Mediophyceae

Mediophyceae

Biddulphiophyceae

Bacillariophyceae
Bacillariophyceae

Bacillariophyceae

Bacillariophyceae

Sub class

Chaetocerotophycidae
Lithodesmiophycidae

Thalassiosirophycidae

Cymatosirophycidae
Odontellophycidae

Chrysanthemodiscophycidae
Biddulphiophycidae
Striatellaceae

Urneidophycidae

Fragilariophycidae

Bacillariophycidae

Genre

Leptocylindrus Tenuicylindrus

Corethron

Ellerbeckia

Proboscia

Aulacoseira Melosira Hyalodiscus Stephanopyxis Paralia Endictya

Actinoptychus Coscinodiscus Actinocyclus Asteromphalus Aulacodiscus Stellarima
Guinardia Rhizosolenia Pseudosolenia

Arachnoidiscus

Hydrosera

Lithodesmium Lithodesmioides Helicotheca Bellerochea Ditylum

Thalassiosira Lindavia Cyclotella Stephanodiscus Cyclostephanos Discostella
Bacteriosira Skeletonema Detonula

Cymatosira Minutocellus Papiliocellulus Leyanella Extubocellulus
Plagiogrammopsis Campylosira Brockmanniella Pierrecomperia

Odontella Triceratium Cerataulus Pleurosira Pseudauliscus Ampbhitetras Trieres
Chrysanthemodiscus Biddulphiopsis Trigonium Isthmia Lampriscus Stictocyclus
Ardissonea Climacosphenia Toxarium

Biddulphia Attheya

Striatella Pseudostriatella

Plagiogramma Dimeregramma Rhaphoneis Delphineis Psammoneis Bleakeleya
Fragilaria Synedra Tabellaria Asterionella Diatoma Tabularia Cyclophora Astrosyne
Licmophora Rhabdonema Grammatophora Staurosira Thalassionema
Cylindrotheca Navicula Seminavis Haslea Stauroneis Pleurosigma Gyrosigma
Achnanthidium Cocconeis Frustulia Diploneis Sellaphora Pinnularia Gomphonema
Cymbella Didymosphenia Phaeodactylum Amphora Entomoneis Epithemia
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Schedule

1- reference library
2- 1st proofs of concept g
3- Impact of biovolumes
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& BIOLAWEB 1st proofs of concept

IPS
SP.dGS % Very good

D.tenuris 20 Good

l.pclea 10 l Moderate |

A pediclins S HeEn
Very poor

Riviére Extraction Amplification Séquencgage Inventaire Calcul d’indice
ADN barcodes (rbcl) haut-débit

Diat.barcode
Base de ref

Convents lste gvailadle st SclenceDirect

A next-generation sequencing approach to river
biomonitoring using benthic diatoms

¢’ Ecological Indicators
At
~“LSEVIER joumnzl homapage: wwa plseviarcomdocaraecoling

Lenz¥g Kermarrec***7?, Alain Franc™**, Fragéric Rinet™"® Philippe Chaumail™**¢,
Jear-Mar: Frigerio* ™" Jean-francois Humbert™'?, and Agnés Eouckez™ ™

"Asconit Cossultaats, 3 towevard Clirfvat, 66350 Toulouges, France . . ) ) . . .
INRA, UM CABRTEL, 75 avenwe de Coraent, B2 511, 743 Thon)a- es-Bains cedex, France Assessing ecalogical status with diatams DNA metahascoding: Scaling-up on @ —

Uhiversty of Savcie, UNR CARRTE., 73370 Le Borge: ds Lac, France v : - . o
AURA UMR BoGeCor 69 mute fAmacson. 33612 Cestas cedex. France & CHICAGO J0URNALS a WFD monitoring networx (Mayeotte island, France)
Universty of Fordewax |, UMR BioGeO, 23400 Talnes, Frarce

“INRA, UM BOIMCQ, ste ce TENS, 46 rue d'Ulm 75005 Paris. France

Research poper

Valentin Vasselon®, Fredarie Rimet, Kilman Tapolczal, Agnes Bouchez
CNRTTL, NRA Nbwiddd & Sords Mac DR, 74260 Thonerr b Do, Mo

Funded by European Union www.biolaweb.com




COFBIOLAWEB  1st proofs of concept (1)

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

Tropical
Low diversity

- Good correspondence rbcl/18s/microscopy

ordinate

60%

Temperate
High diversity

Kermarrec et al. Freshwater Science 2014

.
80%
0,32
A
tbel.
80%
0,24
BDNA BDNA SSU
morphology {DNA 25%,
0,164 0|2 ssu
Tropical
oeel 43% High diversity
CoIN
morphology
-40,2 80?(6 -so,o 0,08 0,16 024 0,32
LACL2 SSU
LacL1 S8 0,0
{DNA LACL 8
morphology o
67% Temperate
LACL1 0,1 - -
LacLabel 6 Low diversity
67%




COFBIOLAWEB st proofs of concept (2)
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OLAWEB 1st proofs of concept (2)

" N

o i
< q. B Lamen
' - cxetxfrcent
Sarewan Y TP
Lanne
byt s e

P CINge o

Larawd
WOSE & L e vetev
Aagln
Tanvas LI
5
e
Nirrskee
-
4 - Pl



COFBIOLAWEB st proofs of concept (2)

> 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

2d by European Union www.biolaweb.com




Cfab OLAWEB Calculation of index values from microscope and DNA inventories

N

20- T Ulnaria ulna
4 - &
N

o 15 “.s* .-"i" ‘
o o f‘i '
— . s
®© e e
3100 Je, e Dominant in DNA
@ « o inventories
o /’,- [ ] ¢
= o . _

Ec?,rt IPS ADN/ucope = Eunotia soleriolii+

37 % .

1- R%2=0.52
| | | |
1 5 10 15 20

Morphological IPS )
< Good correlation but... Nitzschia inconspicua \
< Values of IPS pyp > IPS o000 Dominant in
+» Dominant taxa are different (Eunotia et Ulnaria) E > morphological
% Systematically big species were dominant in DNA . a3 inventories

www.biolaweb.com
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2- 1st proofs of concept
3- Impact of biovolumes guum
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COEIOLAWEB  Link between gene copies and cell biovolume?

Pinnularia viridiformis (= 13,700 um3) Achnanthidium minutissimum (= 80 pm3)

Chloroplast nb. X Genome nb. X rbcL nb.

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 www.biolaweb.com



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

& BIOLAWEB Link between gene copies and cell biovolume?

» >
+8 diatom cultures of different species 1 4
;E' Theoretical growth
“*Cultivated in triplicates T curve
<Evaluation at 7 different dates : 8 "
3 cultivation H Optimal sampling
- nb of rbcL copies with qPCR e e design

- cell concentration in the culture
DNA extraction —»  qPCR

[1GmL) {rbel copy.mL™)|  Estimation of rbel
copy per diatom cell
Lugol fixation —» Microscopy
(SmL) [cell.mL™)
0 Time {day) >
Inoculation

In= 21 Mlasks)

Figure 25 - Experimental design applied to the 8 diatom species.
After the inoculation of 21 tlasks containing 40mL of DV media, diatom culture growth was
followed at 7 sampling time (from T0O to T6) and analysis was performed in triplicate (3 flasks per
sampling time}.

Funded by European Union www.biolaweb.com




O BIOLAWEB

+There is a relation between cell
biovolume and nb of copies

It is a log correlation

Funded by European Union

rbcL copy nb. log (x+ 1)

Link between gene copies and cell biovolume?

P. viridiformis
, V4
V4
V4

/
7/

’
y_0,7271x-1,0171./, vU' Ulna

/

C. meneghiniana D. tenuis
/

F. perminutg=" palea
N. inconspicug”™

A, minutissimum

: 2 3 4 5
Cell biovolume pm3 log (x + 1)

www.biolaweb.com



O BIOLAWEB 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):

Biovolume Correction factor

um3 CFv2
Achnanthidium
minutissimum 76 2,18310673
Pinnularia acrosphaeria 5500 75,7149868

- Funded by European Union www.biolaweb.com



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

Funded by European Union www.biolaweb.com



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

Achnanthidium minutissimum

Amphora pediculus 13 72 2
Navicula cryptotenella 10 386 10
Melosira varians 2 14515 73

Funded by European Union www.biolaweb.com



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

DIAT.BARCODE

Achnanthidium minutissimum

Amphora pediculus 13 72 2 2,13
Navicula cryptotenella 10 386 10 5,62
Melosira varians 2 14515 73 282,93

Funded by European Union www.biolaweb.com



& Bl

Achnanthidium minutissimum

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

Funded by European Union www.biolaweb.com



Molecular IPS

Mayotte Island
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Gap IPS ADN/pcope = 37 %
Rz =0.52

5 10 15
Morphological IPS

20

e
& JIOLAWEB Application on Mayotte rivers

Molecular IPS

Mayotte Island
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CIOEIOLAWEB  Application to balkan region?

IBD calculé avec Diat.barcode v10

25

20 ¢ =0,9707

R’ =0,7243
15

BLIoNR O
(Vwamni el ?
v E 10
5
0
Q2 g 10 = 20 25

2

- “unded by European Union WWW.Diviawenu.com
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Questions?

www.biolaweb.com






