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The problem

Current biomonitoring and bioassessment of
marine aquaculture use benthic macrofauna
as bioindicators. The identification of
macrofaunal species is exclusively based on
morphological characters, i.e.:

* it requires an excellent taxonomic expertise,

* it overlooks large proportion of morphologically
Indistinguishable juvenile and life-cycle stages,

* It IS time consuming, and

* It IS expensive.



Traditional vs molecular monitoring

Morphological analysis Molecular analysis of
of macrofauna in 10 kg — micro- and meiofauna in
sediment sample 2 g sediment sample



Sampling

2 salmon farms near Oban, 4 salmon farms in Malborough
Scotland Sounds, New Zealand
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Focus on benthic foraminifera

Benthic foraminifera are particularly suitable for
detecting environmental changes and to be used as
environmental indicators because of their:
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The principle of environmental barcoding

Searching for

DNA/RNA selected taxa

extraction / (PCR, Sanger)
—
\ Next generation
sequencing (NGS
| DNA/RNA of all ofglobal d?vérsity)
Environmental species present in
sample the environment

(&

: e : : N
identifying particular species or

community of species present in
environmental samples )




Methodology

Targeting micro- and
meio-eukaryotes:
 foraminifera (18S 37f)
 other protists (18S V4)
* meiofauna (18S, COl)

lllumina Miseq next
generation sequencer

Sediment samples

DNA/RNA extraction

PCR
specific primers

lllumina sequencing

Data filtering and
clustering

Taxonomic assignment

Data analysis

field work

wet lab

dry lab



DNA vs RNA

We analysed only the OTUs present in both DNA
and RNA samples to avoid the presence of
sequences derived from extracellular DNA and
inactive cells.

DNA RNA
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Pawlowski et al. 2014



Morphospecies vs OTUs

Most abundant morphospecies are among the OTUs with
the highest number of reads.

Class/Order

Species

Reads

Specimens

Monothalamea
Monothalamea
Monothalamea
Monothalamea
Globothalamea
Monothalamea
Monothalamea

Globothalamea
Monothalamea

Monothalamea

Psammophaga spp.
CladeY allogromiid (Hippo)
MONS3
CladeC allogromiid (orange blob)
Leptohalysis scotti
Micrometula spp.

CladeY allogromiid (HabSip27)
Ammonia spp.
Bathysiphon argenteus

Bathysiphon flexilis

1918634 (21%)
1791343 (20%)
957471 (11%)

311804 (3%)
301358 (3%)
259323 (3%)
244612 (3%)

236030 (3%)
213827 (2%)

198243 (2%)

289 (8%)
?
2
387 (10%)
504 (14%)
841 (23%)
2
84 (2%)
235 (6%)
130 (4%)




Community structure

DNA I
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Foraminiferal | i
communities were
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Species richness

Foraminiferal species richness increases with
distance from cages and sediment oxygenation
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Species richness

[l Unassigned
[l Globothalamea
[ Monothalamea
[ Globigerinida
[ |Textulariida
[ Rotaliida
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Foraminiferal richness increases with distance
to cages and with Redox values.



Canonical Axis Il (3.80 %)

Detection of potential bioindicators
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Micrometula sp.
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Forams abundance vs enrichment plots
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Forams index vs
AMBI and ES

Correlation between
Forams Index
(FMBI), macrofauna
index (AMBI) and
enrichment stage
index (ES)

(Nigel Keeley,
Cawthron)
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Summary

Most of common foraminiferal species

10
e

entified morphologically were recovered by
DNA/RNA approach.

T

ne foraminiferal species richness shows

correlation to distance to cages and redox
values (especially in RNA).

Some foraminiferal species seem useful as
bioindicators of enrichment.




Potential of environmental barcoding

provides information on the g
Including inconspicuous, haro
Increases the sensitivity of
tests

obal diversity,
to identify species

ploassessment

speeds up the process of species identification,
allowing much greater sample coverage and

replication;

reduces time and cost of sample processing



RESOURCES

Molecular Ecology Resources (2014) doi: 10,1111/ 1755-0998.172%61

Environmental monitoring through protist next-generation
sequencing metabarcoding: assessing the impact of fish
farming on benthic foraminifera communities
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Small organic molecules (leved 1) are structures {level 4) and, ultimately, the cell fact. Sienlarl in not only
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and are polymerized to form macromolecules  shown as level 3 are more complex in their walls contain not just cdlulose, but also other
(level 2). The macromoleculles then assermble  chemical composition than the figure suggests,  carbohydrates and proteins.




© Transcription, Nuciear DNA programs
protedn synthesis n the cytoplasm by
directing the synthess of specific
meessenger RNA [mRNA) molecules.

© mARNA transport. Theso mANA
molecules leave the nuclous via
nuclear pares and bind to
ridasomes in the cytoplasm,

© Tranststion. As a ribosome moves
dong & specific mRNA, the genetic

messape is ranslated into a polypeptide
With & specific amino acd seguence,

Figure 3-14 Ganetic information is Stored In the Nucteotide Saquencen of DNA Molooules. |n eukaryotes,
moat of the DNA in a cell is located in the nucleus. This DNA contains instructions for € the synthesis

of a complementary messenger RNA (mRENA) that then @ travels 1o the cytoplasm, where it @ (s used by the
ribosome to synthesiae a protein,



