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Diatom metabarcoding for
biomonitoring : 2nd part

F. Rimet, A. Bouchez

Barcode choice, sample
preservation, DNA extraction,
sequencing
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Schedule
1- Barcode choice
2- Sample preservation
Preservation experimentation
CEN Standardisation
3- DNA extraction method
4- Choice of the sequencing technology
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High-throughput
sequencing

Inventory Index calculation

Diat.barcode
Reference library

First step of the process: which barcode to use to identify diatom species?
Our selection criteria to choose the barcode:

« Universality: A single barcode that targets the entire diatom diversity,

« Variability: an efficient barcode able to identify diatoms to species with conserved regions to set primers
» Specificity: a barcode specific of diatoms, not amplifying other groups (e.g. Chrysophytes, etc...)

« Lenght: the barcode lenght must fit the sequencing technology (lllumina Miseq)

» References: A barcode with reference barcoding libraries complete enough to analyse diatom diversity
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& BIOLAWEB Barcode choice?

IPS

SP!’('U! % Very good
D.tenuis 20 Good
N.pclea 10 Moderate

A peddicolinc S HeEn
Very poor

High-throughput
sequencing

Sampling Inventory Index calculation

extraction

Diat.barcode
Reference library

Workflow to select the barcode (thesis of L Kermarrec 2012)

Universality: A single barcode that targets the entire diatom diversity,
* List of candidate markers: 18S, 28S, ITS, rbcL, cox1, ]

* Based on universality, variability, references criteria > selection of markers
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Phytophthora
Legenidium
Achlya
Asterionellopsis
Rhaphoneis
Thalassionema
Fragilaria
Bacillaria
Nitzschia
Cylindrotheca
Skeletonema

°- References available: huge, good reference o4— Rhizosolenia

& BIOLAWEB Medlin et al. 1993

Coscinodiscus

datapase_s (PR2, SIL\/A), used in phylogenetic L Steobanomrt s
studies since a long time (see Mediin et al. 1993) Ochromonas
79 | I_E__Mallomonas

Tribonema
Costaria

Fig. 3. Diatom phylogeny inferred from maximum parsimony
analysis of the secondary structure alignment of nucleotide
positions in the 185 rRNA coding regions using the heuristic
search within PAUP. Bootstrap values at the branch nodes are
based on a 50% majority rule.
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18S alignment
COBIOLAWEB

185

References available: huge, good reference
databases (PR2, SILVA), used in phylogenetic
studies since a long time (see Medlin et al. 1993)

« Several highly variable regions flanked by
conserved regions

18S is the SSU of eukaryotic ribosome, avoid
the amplification of bacteria

« Several primers already used for Sanger
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sequencing . SSUIDNA V4 (Proposed as barcode by
N Zimmermann et al. 2011)
 Some species can have identical 18S N
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285

Longer than 18S (3300 bp vs 1800 bp).
Interesting for phylogenetic studies

Several highly variable regions, and depending
on the authors different regions were

sequenced (D1/D2 Bruder & Medlin 2007, D1/D3
Lundholm et al. 2002, D1/D4 Kooistra et al. 2010)

But because of this length, and the absence of
generally accepted “standard region” relatively
few references are available
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COBIOLAWEB ITS-1  ITS-2
ITS NTS ETS 188 \ 58S/ 285

»— 1T I

Figure IL2: Structure de Uopéron ribosomal des epcaryoles.

« Internal Transcribed Spacers: intergenic apéran r
. Source : Hillis & Dixen, 1991.

regions

* Very low selection pressure because they are
excised after their transcription

>> highly variable

>> not adapted to phylogenetic studies

>> More adapted to population genetics,

o biogeography of populations inside species

 Difficulty: intragenomique variability, which
makes them difficult to sequence with Sanger
« Reference available: poor
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COX1 Kermarrec 2012

1.4
(O BIOLAWER 12

0.8
0.6 _‘l | |
Recognised as the standard barcode (see 0.4 |
Hebert et al.) -> BOLD 0.2
Coding region 0
1 - 0
Some references available EEERE-EEE:
-— 0 € € € €c € €
E5838833¢8
Difficulty to find universal primers for diatoms 23888838

(e.g. Trobajo et al. 2010, Hamsher et al. 2011)
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Good variability, enable to distinguish cryptic
species (Evans et al. 2007)
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From this list, we selected the

following markers

* 18s
* rbcL
« Cox1

* Comparison of their barcoding gaps:

Frequencies of Intra sp genetic distances vs Inter sp genetic distances

A

»

Overlap between intrasp/intersp distances :

No pe
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B /\ Good case
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& BIOLAWEB Barcode choice?

IPS
Spule: % Very good

D.tenwis 20 Good
N.pclea 10 | Moderate I
A peddicolinc S

Very poor

Sampling High-throughput

sequencing

Inventory Index calculation

extraction

Diat.barcode
Reference library

Workflow to select the barcode

Universality: A single barcode that targets the entire diatom diversity,

* List of candidate markers: 18S, 28S, ITS, rbcL, cox1,
* Based on universality, variability, references criteria > selection of markers
* In-vitro test -> selection
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& BIOLAWEB Barcode choice?

IPS

SP.dGS % Very good
D.tenuis 20 Good
N.pclea 10 Moderate |

A pediclins S HeEn
Very poor

Mix of
cultures extraction

High-throughput
sequencing

Inventory Index calculation

Diat.barcode
Reference library

Test carried out on synthetic biofilms (mix of 30 cultures already sequenced):

this enables to have a sample of known composition

3 markers selected: 18s (ribosome), Cox1 (mitochondria), rbcL (chloroplast)

Kermarrec L, Franc A., Rimet F., Chaumeil P., Humbert J.F. & Bouchez A., 2013. Next-generation sequencing to inventory

taxonomic diversity in eukaryotic communities: a test for freshwater diatoms. Molecular Ecology Ressources, 13: 607-619.
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& BIOLAWEB Barcode choice?

30 diatom , .
cultures Mix of all strains PCR amplification

. — of the mix
21 species DNA extraction cox1, 18s. rbel

of the mix

Halamphora montana
Cocconeis placentula
Cyclotella meneghiniana
Fistulifera saprophila
Fragilaria capucina
Gomphonema bourbonense
Gomphonema clavatum

Gomphonema clevei DIAT. BARCD E

Gomphonema parvulum cox1, 18s, rbcl
Gomphonema pumilum

Mayamaea permitis
Navicula cryptocephala
Nitzschia inconspicua
Nitzschia acidoclinata
Nitzschia lorenziana
Nitzschia inconspicua
Nitzschia cf. frustulum

Nitzschia palea .
Nitzschia dravaillensis Comparlson of
Pinnularia cf. subgibba the floristic lists

Sellaphora_semmulum cox1 , 1 8S, rbel
Ulnaria ulna

454, Roche
pyrosequencing
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& BIOLAWEB Barcode choice?

Which barcode is the most efficient to identify diatoms to species level?

cqx1 A

Proportion of reads matching ///
with a single taxon rbcL

£

Cox is the most efficient, !
followed by rbcL.

==S5U rDNA

15

Proportion of informative

18S has a quite low
specificity.
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& BIOLAWEB Barcode choice?

Which species are detected?
Cluster analysis on distance similarity

Real between inventories (M3 mix-cultures)
21 Sp in the mix similarity percentage
rbCL i ° g i g e
16 sp detected
. cox1
5 not detected (ow
abundances in the mix)
rbcL
18s 0 sp added
21 sp detected ] real
5 sp not cox1 18s
detected 8 sp detected
(? sp a_?o_?_ted - 13 not detected
ow variability, not able reference librarv uncom .
to detect sp complexes) reterence fbranyuneomplet cox1: far from the real inventory
18s: intermediate

rbel : close to the real inventory
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& BIOLAWEB Barcode choice?

>> Selection of rbcL as barcode

>> refinement of existing primers Diat_rbclL_708F (Stoof-Leichsenring
etal. 2012) and R3 (Bruder & Medlin 2007).

| | Barcode length:
Published in Vasselon et al. 2017. bl 263 bp

1602 sequences, 638 species 14
i 12
1 4

0.8

: 0.6 |
0'4 i . | ’ | | '
0.2 '
0

—_
-
—
=

=

RELEEEELEEEL s ri FEE
DIAT.BARCODE
This refinement was “2ERRLREELEREIREBBLE
carried out with ﬂ

Diat.barcode v6 Forward: Diat_rbclL_708F_1

(AGGTGAAGTAAAAGGTTCWTACTTAAA), Diat_rbcL_708F_2
(AGGTGAAGTTAAAGGTTCWTAYTTAAA), Diat_rbcL_708F_3
(AGGTGAAACTAAAGGTTCWTACTTAAA)

reverse R3_1 (CCTTCTAATTTACCWACWACTG), R3_2
(CCTTCTAATTTACCWACAACAG).
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& BIOLAWEB Protocols for PCR?

>> In French >> In English
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W _' Miseq Sequencing using the rbcl marker gene y
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https://www6.inrae.fr/carrtel-collection/Barcoding-database
https://www6.inrae.fr/carrtel-collection/Barcoding-database
https://www.protocols.io/view/diatom-dna-library-preparation-for-illumina-miseq-kqdg3573zv25/v1
https://www.protocols.io/view/diatom-dna-library-preparation-for-illumina-miseq-kqdg3573zv25/v1
https://www.protocols.io/view/diatom-dna-library-preparation-for-illumina-miseq-kqdg3573zv25/v1
https://www.protocols.io/view/diatom-dna-library-preparation-for-illumina-miseq-kqdg3573zv25/v1
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Schedule

1- Barcode choice

2- Sample preservation g
Preservation experimentation
CEN Standardisation

3- DNA extraction method

4- Choice of the sequencing technology

Funded by European Union www.biolaweb.com



& BIOLAWEB Preservation method

Spedes »
D.tenuwis 20
l.pcleo 10
A peddicolinc S

DNA PCR amplification High-throughput

Inventory
extraction of DNA barcodes sequencing

Index calculation

Diat.barcode
Reference library

+There are several ways to preserver DNA
< Ethanol, buffer, freezing
% Impact on, DNA quantity, floristic list?

“>> Agnés Bouchez
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COFIOLAWER  Standard for sample preservation?

>> Work realised be several diatom experts
working with eDNA:

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)

>> Long process: started in 2012, publication
in 2018

>> |In the TR: several preservative are
accepted in the document
Ethanol, RNA buffer, Deep freezing
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>> In French

https:/wwwé6.inrae.fr/carrtel-coll
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Protocols for sample preservation?

>> In English
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https://www6.inrae.fr/carrtel-collection/Barcoding-database
https://www6.inrae.fr/carrtel-collection/Barcoding-database
https://www.protocols.io/view/river-biofilms-sampling-for-both-downstream-dna-an-e6nvw9mjdgmk/v1
https://www.protocols.io/view/river-biofilms-sampling-for-both-downstream-dna-an-e6nvw9mjdgmk/v1
https://www.protocols.io/view/river-biofilms-sampling-for-both-downstream-dna-an-e6nvw9mjdgmk/v1
https://www.protocols.io/view/river-biofilms-sampling-for-both-downstream-dna-an-e6nvw9mjdgmk/v1
https://www.protocols.io/view/river-biofilms-sampling-for-both-downstream-dna-an-e6nvw9mjdgmk/v1
https://www.protocols.io/view/updated-version-lake-biofilms-sampling-for-both-do-14egnz4w6g5d/v1
https://www.protocols.io/view/updated-version-lake-biofilms-sampling-for-both-do-14egnz4w6g5d/v1
https://www.protocols.io/view/updated-version-lake-biofilms-sampling-for-both-do-14egnz4w6g5d/v1
https://www.protocols.io/view/updated-version-lake-biofilms-sampling-for-both-do-14egnz4w6g5d/v1
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Schedule
1- Barcode choice
2- Sample preservation
Preservation experimentation
CEN Standardisation
3- DNA extraction method  guum
4- Choice of the sequencing technology
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& BIOLAWEB Extraction kit choice?

IPS
sw“” % Very good

D.tenwis 20 Good
l.pcleoa 10
A peddicolinc S

Very poor

PCR amplification High-throughput
of DNA barcodes sequencing

Inventory Index calculation

extraction

Diat.barcode
Reference library

+Different extraction methods exist. Do they have an impact on:
- DNA quantity, quality,
- the floristic lists
- Diatom index values (ecological quality assessment)
»Test carried out with:
+ 8 samples (Europe, Tropics, Lakes, Rivers)
% 5 Kkits

ication of high-throughput sequencing (HTS) metabarcoding to diatom
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, Main steps of DNA
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Figure 2. The main steps of DNA extraction for the 5 methads with a focus on sample lysis ([), lvsate clarification (I}, DNA isola-
tion from lysate ([11}, and DNA elution (IV). Pictures modified from the manufacturers' web sites.



BIOLAWEB Extraction kit choice?

There is a balance between DNA quality/quantity:

- kits with high DNA quantities have low DNA quality (presence of
PCR inhibitors): SA-Gen

whereas

- kits with low DNA quantities have a good DNA quality: soil kit,

Choice

kits with silica column
- It is important to prioritize quality, in order no to have PCR

inhibitors. Quantity

Funded by European Union www.biolaweb.com
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Extraction kit choice?

After HTS sequencing is there an impact on community

structure?

> NO (not significant)
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& BIOLAWEB Extraction kit choice?

Is there an impact on ecological quality assessment?

> NO (not significant)

IPS

No impact on index value

Funded by European Union
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& BIOLAWEB Protocols for extraction?

>> In french >> In English

https:/wwwe6.inrae.fr/carrtel-collection/Bar ing-datab : io/vi - ion- - i -
iofilm-using-th-e6nvw zgmk/v1i

@ " ———— & = o o e ® ™

€% DNA extraction fram environmental kiofilm using COMMENTS ©
the NucleoSpin® Soll kit (MACHEREY-NAGEL)
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https://www6.inrae.fr/carrtel-collection/Barcoding-database
https://www6.inrae.fr/carrtel-collection/Barcoding-database
https://www.protocols.io/view/dna-extraction-from-environmental-biofilm-using-th-e6nvw9odzgmk/v1
https://www.protocols.io/view/dna-extraction-from-environmental-biofilm-using-th-e6nvw9odzgmk/v1
https://www.protocols.io/view/dna-extraction-from-environmental-biofilm-using-th-e6nvw9odzgmk/v1
https://www.protocols.io/view/dna-extraction-from-environmental-biofilm-using-th-e6nvw9odzgmk/v1
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Schedule
1- Barcode choice
2- Sample preservation
Preservation experimentation
CEN Standardisation
3- DNA extraction method
4- Choice of the sequencing technology ...
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COFIOLAWER  Choice of the sequencing technology

IPS

Very good
Good

Spedes »
D.tenuis 20
I.pclea 10
A pevficeluc S

E—

Poor

Very poor

DNA PCR amplificatio
extraction of DNA barcodes

High-throughput
sequencing

Inventory Index calculation

Diat.barcode

% Quick evolution of technologies: Reference library

- many different technologies

- each technology evolve quickly
- Some disappeared

% Cost reduction

+ Need to deal with the availabilities of the

sequencing plateforms

ad by Eun

opean Union
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: s MOLECULAR ECOLOGY
Our first two publications on DNA

metabarcoding (Kermal’reC 201 3, 201 4): Molecular Ecology Resoaraes (2013) doiz 101111 /17550958.12106

Roche 454 pyrosequencing ) ) ) o )
Next-generation sequencing to inventory taxonomic diversity

Read length: av. 414 bp in cukaryotic communities: a test for freshwater diatoms
Error rate: 0,1% L R

115 OOO reads/run I\L;“)I\L\((::[k/l‘(? 11t A FRANCSESYF RIMET *#+P CHALIMFIL §9) F HUMRBERT** and
Gave good results in terms of sequence quality

But: quite expensive (2 runs during the thesis of L

Kermarrec)

454 arrived on the market in 2004

Stopped in 2013 (no more support) , . .
A next-generation sequencing approach to river

biomonitoring using benthic diatoms

Lenaig Kemmarrec!#2-7, Alain Franc®>€, Frédéric Rimet®>?, Philippe Chaumeil®519,
Jean-Marc Frigerio** **, Jean-Francois Humbert®*#, and Agnés Bouchez****

"Asconal Consullants, 3 boulevand Cluicfonl, 86350 Toukouges, France

INRA, MR CARRTTI, 70 snverue de Corrent, BP 511, 742G Thonon ks Rains cedex, Franee

"Lntverstty of Savole, UMK CALRI EL, T3370 Le Bourzet du Lac France '

INRA. UMR BinGeCo, 68 vl FArcaches, 33812 Gt codax, Frunue o CHICAGU JOURNALS

Tonbversry of Tardeaux 1, UMR Tad3e00, 13400 Taleacs, France I

INRA, UME BIOZMC D, site de I'ENS, 36 rue d'Ulm, 75005 'ans, brance
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Several papers PGM (Vasselon 2017ab, Rivera
2017, 2018...):

lon Torrent (pH) - ex. lon PGM 318

Read length that we targeted: 263 bp + primers = 312 bp
6.10e6 reads per run

Quite cheap (cheaper than lllumina and 454)

Error rate: 2% -> many problems with poly A, even for the
dominant sequences

LT & _WTPTUTeTS_usTa
VG5 I_Gorpharens_dera
VES A_Gorprared_dea
S S_Conprorana_da-a
RS A _Cnmpbavans_sen
557 Conphoreme davay
955 8_Comphoneme_davy
Y Y_LODEIOMNE_ 08
SO L0_Garpturnnra e
900 L_halempitun 3_ghamer
D956 2 alwephon_ghaner
SOG4 _NtInchia_iscinapiow
OS2 _Nrrarhls _mranapdon
573 Nuscd: oo
O5T-4_Numona_mcongpiou
U _INTISOME_SOUNPNY
AO_INTISOME_SOMNpy
SOTT o _munophoe
D957 0_henachic_mcinapiow
DOE0_Wtmchia_mcinpiow
RTY 1S _Cabodoria_frililane
B31)6 Geissloria dacalosn

Application of high-throughput sequencing (H'1'S)
metabarcoding to diatom biomonitoring;
Do DNA extraction methods matter?

valentin Vassalon™?, Jsabelle Domatzon’*, Frédérc Rimet'®, Maria Kahlert™®, and Agnés Bouchez ™"

"CADKIEL INDA, Untvirass ¢ Snus Muel Baow 70200, Thiess- k-Bdm Prasce
D e et ol AQMEE 3¢ ences wd Assemiian Swalkl Usvardy of Agdearial Scheaces POy Bax 7050, 75007, Uppedls, Sweden

Corneats Bsts ovalebic @ Scionee Dirot

Leological [ndicators

ELSEVIER Joniennl homegsage: ws v sdamed s ool s sedecolingd

Hescarch paner

Assessing ecolegical status with diatoms DNA metabarcoding: Scaling-up on @ww .
a WFD manitaring network (Maverte island, Franee)

Valentin Vassalcn', Frécéric Rimer Kilmin Topolczal Agaes Bouchez

CARE TR N PR B W W R AREE. IR R e

Hyvuthio ogh
(R LTI TR N [T TR T PR SR @Cws\hu

Metaharcoding of Iake henthic diatoms: from structore
assemhlages to ecaloagical assessment

S b Kivera - %, Yasdon =8, Jacguet = AL Bowcher - D Avixtegui -
b Rt

5 PLOS | ons

DNA metabarcoding and microscopic
analyses of sea turtles biofilms:
Cemplementary to understand turtle
behavior

Staane b Meaa', ekt Veced oo, Kade Bdbare ™, 8 oe Derperter®, Dl
Eowvend L Resad agaes aickes’ Fesanis Rieer'
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lllumina (fluorescence)
We have several papers with this technology (Rivera
2020, 2022ab, Rimet 2022, 2023...).

Different plateforms exist (iSeq, MiniSeq, MiSeq, NovaSeq ...).
An example: MiSeq v2 that we used several times

Read length : 2 x 250 bp (150bp or 300bp depending on the
chemistry used)

Error rate: 0,5% -> even lower from our experience

10.10e6 reads per run

6-7 GB per run

Cost: 4000 € (on INRAE plateforms)

Another example: NanoMiSeq

Small run, can be used for upstream tests, or small number of
samples

0.2GB

lllumina is widely deployed in the sequencing plateforms (GetPlage,
PGTB...), many different versions, so we can find the good option
for what we have to do.

Dot lisds awallelde o ScaneDi s

Science of the Total Environmen:

jomrndl hamanage: www aleasine com/iocatasciiotony

Diatom endemism and taxonomic turnover: Assessment in high-altitude )
alpine lakes eavering a larpe gragraphical range s

Frederic Fumat ', Eveline Pinscel ¥, Azaes Bowchez ® Bella Japoshwvidl , Levan Munladae ©

Cymbella ercisa

Encyorema miutuem

Endemism, rare 2/ Ae
events

o \ &
i Yo

AR ECOLOCY RO -
ORIGINAL ARTICLE ULl WILEY

Environmental filtering and mass effect are two important
processes driving lake benthic diatoms: Results of a DNA
metabarcoding study in a large lake

Frédéric Rimet!
Aznes Bouchez'

| Alexis Canino™* | Teofana Chonova' | Julie Guéguen'~
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Nanopore — (3rd generation)

Usually these sequencers are used for genome reconstruction.
Read length: several 10 kbp

Error rate: 5%

500 MB

Different systems exists (Minlon, Gridlon, Promethlon...)

We used Minilon + Fongle Flow Cell R9.4.1 (Marcel, Vasselon
et al.)

In our case we sequenced 2 lengths:
263 bp (classical barcode)
1473 bp (full rbcl)

And we compared to lllumina MiSeq )
> Even if there are more sequencing mistakes than Illumina, 0 pm R

results in terms of species assignation and index values are i R )

significantly similar a
> But need to have a complete reference barcoding database : °

to overcome the sequencing mistakes v *13?;'?";‘* CT
Cost: cheap ++ (60 euros a Fongle) . ‘{%‘__;J Stress =
Sequencing can be done easily in your lab ! ! ! '0.13

LA 0.2 LU v LA U3 0.8

Marcel, Vasselon et al. NMDS 1
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Questions ?
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