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Les données produites au cours du projet SYNAQUA ont été valorisées scientifiquement par
des publications dans des journaux scientifiques internationaux (peer-reviewed). Initialement
1 article de ce type avait été planifié, mais I'exceptionnelle originalité et qualité des données
a permis de produire a ce jour plusieurs publications scientifiques.

Au total sept articles ont été produits, dont cing sont déja publiés, un est soumis et un autre
est en préparation.

1. LEFRANCOIS E, APOTHELOZ L, BLANCHER P, BOTREAU S, CHARDON C, CREPIN L,
CORDIER T, CORDONIERA, DOMAIZON |, FERRARI B.J.D, GUEGUEN J, HUSTACHE J.C, JACAS L,
JACQUET S, LACROIX S, MAZENQ A.L, PAWLOWSKA A, PERNEY P, PAWLOWSKI J, RIMET F,
RUBIN J.F, TREVISAN D, VIVIEN R, BOUCHEZ A (2018) Development and implementation of
eco-genomic tools for aquatic ecosystem biomonitoring: the SYNAQUA French-Swiss program.
Environmental Science and Pollution Research 25(34):33858-33866

2. VIVIEN R, HOLZMANN M, WERNER I, PAWLOWSKI J, LAFONT M, FERRARI BJD (2017)
Cytochrome c oxidase barcodes for aquatic oligochaete identification: development of a Swiss
reference database. PeerJ 5:e4122

3. VIVIEN R, WERNER |, FERRARI BJD (2018) Simultaneous preservation of the DNA
quality, the community composition and the density of aquatic oligochaetes for the
development of genetically based biological indices. PeerJ 6:e6050

4. VIVIEN R, APOTHELOZ-PERRET-GENTIL L, PAWLOWSKI J, WERNER |, FERRARI BJD (2019)
Testing different (e)DNA metabarcoding approaches to assess aquatic oligochaete diversity
and the biological quality of sediments. Ecological Indicators 106:105453

5. RIVERA S.F., VASSELON V., BOUCHEZ A., RIMET F. (2020) Diatom metabarcoding
applied to large scale monitoring networks: optimization of bioinformatics strategies using
Mothur software. Ecological Indicators 109:105775

6. VIVIEN R, APOTHELOZ-PERRET-GENTIL L, PAWLOWSKI J, WERNER |, LAFONT M.,
FERRARI BJD. High-throughput DNA barcoding of oligochaetes for abundance-based indices to
assess the biological quality of sediments in streams and lakes. (article soumis a Scientific
Reports, 2019)

7. APOTHELOZ-PERRET-GENTIL L et al. Inferring diatom index through metabarcoding:
comparison of marker and methodologies. (article en préparation, octobre 2019)

Les pages de gardes des articles publiés sont données ci-apreés, et les articles complets sont fournis en
annexe. Tous respectent I'obligation de communication exigée par Interreg France-Suisse.
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Development and implementation of eco-genomic tools for aquatic
ecosystem biomonitoring: the SYNAQUA French-Swiss program
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Abstract

The cffectivencss of environmental protection messures. is based on the carly identification and diapnosis of anthropogenic
pressunes. Similary, restorton actions roguane precise momiboring of changes in the codogical gquality of eoosystems, inondor s
highlight their effectivencss. Monitoring the ccological quality relics on bisindicators, which are organisms revealing the
pressunes cxeried on the enviromment through the composition of their communities. Their implementation, based on the
masrphedogical identification of species, is expensive becanse it reguires time and experts in taxonomy. Recent penomic tools
should provide access o reliable and high-threwghpoet covironmental monitonng by dirccily inferring the compositson of
biindicators” communitics from their DMA (metabarcoding). The I-mm—Swm |PTEETA S-‘I"NﬁlJ'UA (INTERREG France-

Swhiteerlancd 2007 3019) proposes o use aml validiie the toolks of eovi " i fr b oy amd aames wltimately
all their implementation in the repulstory bio-surveillance. SYMQUJ\.MI] I.utﬂ': mﬂurmd.ngq:pmaﬂlﬂmmgmm
boindicatons, dintoms, and agquatie olggochactes, which sne vsed m fresh i itoring in France and Switzerdand. To po

twwards the rencwal of curment biomonitoring practices, Y MAQUA will (1) bring topcther different sctors: scientists, covinn-
menial managers, consulting firms, and biotechnological companies, () apply this approach on a large scabe to demonstrale its
relevames, (3 propose robust and reliable tools, and (4) mise public swarcncss and traan the vanous actors likehy (o use these new
sl Bromonitonng approaches based on such environmental penomic wools should address the Buropean nesd for reliable,
higher-throughpul monitormg o improve the protection of aguatic emdronments under multiple pressares, gusde their reston-
i, aml follow their cwolution.

Keywords MMetabarcoding - Bioindication - ‘Water quality assessment - Diatoms - Adquatic olipochscies
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Cytochrome ¢ oxidase barcodes for
aquatic oligochaete identification:
development of a Swiss reference
database

Régis Vivien', Maria Holzmann®, Inge Werner', Jan Pawlowski®, Michel Lafont®
and Benoit |12, Ferrari®
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ABSTRACT

Intreduction. Aquatic olippchaetes represent valuvable indicators of the gquality of
sediments of watercourses and lakes, but their difficult identification based on mor-
phalogical criteria compromises their more commaon use for eco-dimgnastic analyses,
This issue could be overcome by using DMA barcodes for species identification. A 10%
threshold of cytoechrome ¢ oxidase (CO1) divergence was proposed for differentiating
between oligochacte species based on molecular and morphological data. A Swiss
database of COI sequences of aquatic oligochaetes was initiated in 20012, The aim of
this study is o complement the Swiss olipochaste database of COl sequences and Lo
confirm the relevance of this threshold for species delimitation.

Methods, We sequenced the COl sequence of 216 specimens collected in dilferent
regions of Switzerland and I'T52 region of some lincages whose delimitation with CO1
data was doubiful.

Results. We distinguished 53 lincages, among which 34 were new for Switzerland and
17 sequenced for the first time. All the lineages were separated by more than 10% of
0 variation, with the exception of some species within Mais and Uncinais. In these
two genera, the threshold was lowered to 8% to be congroent with the morphological
analysis. The total number of lineages reported so far for Switzerland is 75, including
59 morphospecies or unidentified species and 16 cryptic species.

Discussion, Our study shows that the threshold of 10% of COL divergence is generally
appropriate to distinguish aquatic oligochacte lineages, but that it must be adjusted for
some species. The dalabase reported here will be complemented in the future in parallel
tov the development of genetic oligochacte indices.

Subjects Biediversity, Ecology, Genetics, Taxonomy, Zoology
Keywords D'MNA barcoding, Aquatic oligochactes, Genetic diversity, Biomonitoring

INTRODUCTION

Freshwater oligochaetes include a large number of species showing a wide range of tolerance
to chemical pollution (Rodripuez & Reynoldsen, 2011). For some decades they have been
used in many countrics for assessing the biological quality of river and lake sediments
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Simultaneous preservation of the DNA
quality, the community composition and
the density of freshwater oligochaetes
for the development of genetically based
biological indices

Régis Vivien, Inge Werner and Benoit .1, Ferrari

Swiss Centre for Applied Eestozicology (Eeotox Centre) Eawag- EFFL, 1 Mhighendord, Switzerland

Introduction. Oligochaetes are recognized as valuable bioindicators of sediment
quality in streams and lakes, The development of an oligochaete index based on the
identification of specimens using DNA barcodes requires a method for simultanecusly
preserving the DNA quality and information on the specimen density and oligochacte
community compaosition. Absolute ethanol optimally preserves DMA but fixation of
freshwater oligochaetes with this medium can cause disntegration and fragmentation
of specimens. Here, we investigated the possibility to preserve oligochaete specimens in
low-pH formalin and in neutral buffered formalin for up to four weeks before genetic
analyses and tested if the addition of absolute ethanol to formalin-fived oligochactes
resulted in a loss of specimens andfor species.

Methods. We performed goanidine extraction and polymerase chain reaction (FCR)
amplification/sequencing of a fragment of the cytochrome ¢ oxidase 1 (CO1) gene on
tissue fragments preserved in low-pH formalin for up to 3 weeks and in neutral buffered
formalin for up to 4 weeks, In addition, we compared the density and taxonomic
composition of formalin-fived olipnchactes of several sieved sediment samples before
and after the addition of absolote ethanol.

Results, The COI fragment of all oligochaete specimens preserved in neutral buffered
formalin for wp to 28 days was successfully amplified by PCR and obtained sequences
were complete and of high quality. The amplification success rate for low-pH formalin
fixed specimens declined after 7 days of storage. The addition of absolute ethanol to
Tormalin-fixed oligochaete commumnities did not alter density or diversity estimates,
Discussion. Our results indicate that sediment samples can be stored in neotral
buffered formalin for up to 4 weeks and the sieved material can then be transferred 1o
absolute ethanol, without affecting DMNA quality, density and community composition
ofoligochaetes. Based on these results, a protocol for preserving freshwater oligochaetes,
describing all the steps from collection of sediments to preservation of the biological
material in absolute ethanol, is proposed. This method of fixation/preservation is of
relevance for establishing DNA barcode reference databases, inventories of genetic
diversity and developing genetically based biological indices.
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Testing different (e)DNA metabarcoding approaches to assess aquatic [ |
oligochaete diversity and the biological quality of sediments
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1. Introsduetion mmmﬁmmumw

At oligoehaeies (inmelide) represest importamt bioisdicabors of
the: quality of sediments i rivers and lakes (e.g. HowmiBer and Seotr,
1977, Milbrink, 1 963; Lafomt et al., 2000; 200 7L Different biotic indios
basedd on the amalysis of oligechacte sssemblages exist, sach as the
Olignehaete Index of Sediment Bioimdication (IS (AFMOR, 2006
Wiwhem et al, 20043, used im this siudy, that albovs an ol the

species wotkd facilivaie their usse in b i

wwﬂ“mmmnm
(eg. Romperie of al, 00, Kvist ot al, P00 Martinson of 2l JD1TL A
1% threshold of COF has beem smgpgessed for sgregating
betwern apmatic oligochaete specket [Thon et ol | 20000 Frofo amd
i it J00E Vivien ot al, 37, Prestond e el 3008) This

quality of fieeaandy sedimenia in wolercorses. Howewer, the dilli-
culties assccialed with the identification of agquatic baned

ecobagical
rengiibres enoelbont akills im isosamy, nnd even those aee ol sfficiest
10 ilemtify all specimens presest in a sample i (he species level (Vivien
el al, T017). This affects the quality of the scobogical diagnoses hased
i olgiehaete indioe

A harcoding allows the rapld identification of a speckes by
muapchimg the sequence of o selected gene o o reference library amd e
o avercamse the challenges sssociated  with - mossphsalogical
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cryplic species of Limnodrilus hoffawisers (Lis o1 al 2017) and inser.
speer il divergence amaslles than 10 s brvs feperioad o s e
cien of Mais/Uncinais [Vivien o al | 3007), of Sranchsodrilen (Martin
el al 2018) amd of Enchytmekdor (Martisson sl Eeien 018) A
datshase of CON swevpuencres of acpiatic oligorhortes collected im Swin-
eerlamd s corvenily being estabdished (Vivien = ol 20070
Mirtabarcading hased om high threughpat seoqueencing (HT5) allowy
the masleruler snalysis of 3 large member of wmphes snd s been
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Diatom metabarcoding applied to large scale monitoring networks: m
Optimization of bioinformatics strategies using Mothur software
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ARTICLEINFO ABSTRACT

Benthic distoms are routinely used as emlogical indietors in rvers. A sendardized methodology is based an
biofilm sampling, species identification, and counting under microscope. DNA - metabarmding is an altemative
methodology that can identify species and assess their proportion based on high-throughpu DRNA ssquencing.
Sequence data i analyzed with bioinformatics toals, and several strategies can be chasen The strategy choics
can affect commamiti=s composition and strucne, and therefore the remlting scological s seesoment. We wamisd
to optimize the biginformatics strategy to ob&in the clossst resuls to micoscopy. This wes done in the fra-
mewark of the Mothur pipeline. Here, 447 samples from French rivers were anahmed in the monimring context
of the Ewmopean Water Framework Directive. Samples were anahzed both with INA mewbarcoding and mi-
croscopy. A usual bionformatics strategy in Mothw includes dwseering DNA-ssquences inin Operational
Taxonomic Units { OTUs). Different al gorithms exist for this. From a subsample of 142 samples, we showed that
some strategies (Furthest neighbor) gave closer results to micrascopy than others (Opticlust) in terms of com-
munity stuchre and dizom index valies. However, we showed that OTU clustering was not necessary for
ecolagical manioring: [Mred tavonomic asignment of individual ssquence wmits (IS0} gave similar results to
those abtained in microscopy. Interestingly, dinsct assignmentenabled the deection of mone spedes 2 to 3 times
faster in terms of computation time compared to the OTU strategy. However, it remained imporant to remaove
1w quality and chimeric ssquences; if not, biomonitoring reslts differed greafly from microscopy. We showed
that it was preferable o have a losse taxonomical identification threshold instead of a stringent ane. This
allowed detecting more spedes, which could participate in the index caloulation and increased its performance.
Indesd, in dizioms, phylogenstically neighbar species aften have similar ecologies, and this explains why itis
preferahble, in a biomonimring framewnork, to identify morespecies with e stringency inst=ad of identifying few
species with stringency. Finally, the best straesgy (direct assignment of filered 15U with a looss taoonomicl
threshald of G{%) wes applied to the 447 samples covering a large diversity of ecological qualities. These data
were then ussd to produce quality index values, using a quantification mmection factar &king into acoount
species biovolumes . Compared to microscopy, the DNA based method assigned the same quality dass for 66% of
the samples, and 72% of the samples had an index value (ranging fram 0 to 20 with les than ane paint
difference from microscopmy.

Kepwards
Do

DA memabasecding
B aeneonining,
Biindormates

1. Introdue thon

Diatoms are ubiquitous unicellular micmalgae mutinely wed
binlegical indicators of water quality in Ewrope a3 part of the Water
Framework Directive (European Commision, 2000). Current standard
methods for water quality assesment wing distoms are based on the
characterization of environmental assemblages that are subsequently
wsed to caleulate biotie indices (eg. Rimet, 2012). Indices caleulation

requires identification of diatom raxa to the species level based on the
morphology of their frustule. This micmscopic identification is chal-
lenging because it mquires a strong taxonomic expertise and is time
comsuming thus limiting the we of diatoms for routine monitoring.
Diatom DNA metabareoding was developed in mecent years as an
alemative method for diatom identification (eg Kermamee et al,
2013 Zimmermmann et al, 2015). By combining a DMA bamode re-
ference databage and bioinformatics procesing fteps, it & posible o

Abbreviations: HTS, highthroughput ssquencing; 15U, individual ssquence units; OTL, Operational &xonomical unit
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High-throughput DNA barcoding of oligochaetes for abundance-based indices
to assess the biological quality of sediments in streams and lakes
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Abstract

Aquatic oligochaete communities are valuable indicators of the biological quality of sediments in
streams and lakes, but identification of specimens to the species level based on morphological features
requires solid expertise in taxonomy and is possible only for a fraction of specimens present in a
sample. The identification of aquatic oligochaetes using DNA barcodes would facilitate their use in
biomonitoring and allow a wider use of this taxonomic group for ecological diagnoses. Previous
approaches based on DNA metabarcoding of samples composed of total sediments or pools of
specimens have been proposed for assessing the biological quality of ecosystems, but such methods
do not provide precise information on species abundance, which limits the value of resulting ecological
diagnoses. Here, we tested how a DNA barcoding approach based on high-throughput sequencing of
sorted and genetically tagged specimens performed to assess oligochaete species diversity and
abundance and the biological quality of sediments in streams and lakes. We applied both molecular
and morphological approaches at 13 sites in Swiss streams and at 7 sites in Lake Geneva. We genetically
identified 33 or 66 specimens per site. For both approaches, we used the same index calculations. We
found that the ecological diagnoses derived from the genetic approach matched well with those of the
morphological approach and that the genetic identification of only 33 specimens per site provided
enough ecological information for correctly estimating the biological quality of sediments in streams
and lakes.

(article soumis a Scientific Reports, 2019)

Inferring diatom index through metabarcoding: comparison of marker and
methodologies

Laure Apothéloz-Perret-Gentil et al.
Université de Genéve, Faculté de Sciences, 30, quai Ernest Ansermet, 205 Geneve

Abstract



Recently the use of metabarcoding has been more accepted and used to assess water quality in several
countries. However, the choice of the barcoding marker as well as the methodology used to analyse
the data is often led by research group and not well standardize. The aim of this study is to compare
the two most used genetic markers in diatom metabarcoding as well as well distinct methodologies
for data analysis and their impact on the Swiss Diatom Index. We analyse 112 epilithic samples from
Swiss and French rivers for which ecological status were established based on morphological
identification of diatom species. Both rbcL and the V4 region of the 18S were sequenced through
Illumina sequencing technology for all samples and eDNA data were analysed to infer a molecular index
based on taxonomic assignment, taxonomy-free approach and machine learning algorithms. We
compared the different obtained molecular index with the traditional morphological index and
highlighted the pros and cons of each method.

Assignment Taxonomy-free Machine Learning

R2= 076
p=0

185§

rbel

(article en préparation, octobre 2019)



