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Station Biologique de Roscoff

1872 - Antoine Lacaze-Duthiers (150 years ago)
CNRS and Sorbonne Université

Staff: 350

Students : 1,000-2,000 per year




Ecologie of Marine Plankton team (ECOMAP)

e Scientists: 10

o Staff: ~ 40

e Research themes:
= \iruses

Bacteria

= Cyanobacteria
= Symbioses
» Parasitism
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Outline

e Marine phytoplankton distribution and controls
» Metabarcoding for plankton

« Examples of application
= Green phytoplankton

= Biogeography of polar scpecies
e metaPR2: a database of metabarcodes




Understanding phytoplankton distribution



Marine food webs
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Form and function




Molecular Phylogeny

*Rhizaria
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Alveolata ——

Stramenopila

* Original ‘Supergroup’
@ No molecular data in 2004
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Trends in Ecology & Evolution
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Phytoplankton is not monophyletic
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Phytoplankton rich regions

e Chl a estimated from satellite




Tafel 14 — Peridini
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Oceanic deserts




Picoplankton
1982 - John Sieburth - Electron microscopy
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What controls phytoplankton abundance ?

What factors control phytoplankton abundance and diversity ?

e Resources - Bottom up
= Light
= Nutrients (Nitrogen, Phosphorus)

UVR

= Trace elements (lron)
= Temperature
= Salinity
e Top down
= Predation

» Parasites (e.g. viruses)
» Death
e Species selection

e These factors act at different scales



Scales - Space and Time

Can you name some scales in the ocean?

e Spatial
= Horizontal
o Basin
o Region (upwelling)
o Mesoscale
= Vertical
o Water column
o Euphotic zone
e Temporal

Geological

Climate change
Climate oscillation
Eddies

Tides

Waves

1,000s years Milankovitch
100 years Thermo-
Wind- hﬁaline ‘
10 years driven circulation
circulation
1-7 '
w years El Nino
S wks - months Mesloscale
v Eddies
e 12-24hrs T e
=
1 min-20 hrs Internal Tsunarhis
Waves
: Deep-water
0.1 sec- 1 min—
surface waves
0.1 sec— Capillary
waves
0.071 sec— Bub.tﬂeg
| I I
mm c<m 1-100m 0.1-100km 100-1,000km 5,000 km 10,000 km
Length Scale 500-5,000 km



Metabarcoding of Marine plankton
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Amplified region
V4

e Long region

e Presence of introns

e Resolutive

 Many reference sequences

available

Bacteria only, blue; Eucarya
only, red or pink; Bacteria +
Archaea, green; Eucarya +

Archaea, orange; all three =
domains, black. -

Cc

Wuyts J et al. Nucl. Acids Res. 2001;29:5017-
5028

Av. size 382 nt

SENA|AFLTZ2714 |AF172714.1 Gymnodinium breve strain CCMP718
188 small subunit ribeosecmal RNA gene, partial sequence.
aacctagogttagatcctaccagtagtcatatacttotctcaaagattaagoccatacatgtct
ataagcttctatacagcgaaactocaaatogoctcattasaacagtbtatagbttatt
tgatogtcattcattacatggataactttggasatictagagctaatacatagcacccaaa
ceccgacttcttoogaagggttatgtttattagatacageaccaacccaggccctaccatat
cttogtggtoaticrtiaataaccgaacagaatcgcattgcatcagctgaocgatagatcatic
aagtttctaacctatcagtttccagacagtagggtattggcctaccagtagcattagacaggt
aacogoagaattagggticogattcocggagagogagcctoagaancagectaccacatectaag
aagdgcagcagacacgcaaattacccaatoctgacaca aggtagtoacaagaaataa
caatacagggcatccatgtcttataattogaatoagtagaatitaaatccectttocagagt
atcaattogagggcaagtctagtaccageagecgeataattocagotocaataa ata
ttaaagttgttgcggttaaaaagectcecgtagttggatttot aggacgaccggtecge
ccto agtato (sy e iE; catottet Aac ctacacttga
ot tagta atoo acttttactttgaggaaattaga ttocaagocagaca
t. ccttagaatacattagea aataataagat. ACC totattttattagt
ttctagagctga tgattaat. atagtt attogtatttaactatco
aggtgaaattottggatttgttaaagacggactagtgtgasaqoatttaccaaggatgtt
ttcattgatcaagaacga. ttagogogatcoesagacgatcagataccotcctagtctta

accatasaccatagccgactagagattagagotcattactiatacgactccticagcacct
tatogagaaatcaaagtetit ttceogogogagtatggtcagcaaggctaoaaactiaaa

ggaattgacggaagggcaccaccaggadiggagccigogoitaatitoactcaacacogd
gaaacttaccaggtccagacatagtaasgogattagacagattgatagctctttcttaatict
atgogotootaogtaocatggccattcttagttaotaga atttatctagottaattcoatt
aacgaacgagaccttaacctgctaaatadttacacgtaacttoggttacgtggycaactt

cttagagggactttgcgtgtctaacacasggaagtttgaggcaatagcaggtctotgat
cccttagatottetgggctagcacgegcactacactoatgegctcaacgagttttegacct
tgcccogaaggttoggtaatctttttaasacacatcagtgatggggatagattattacaat
tattaatcttcaacgaggaasttcctagtaagcocogagtecatcagctcagtactgattac
cecctoccectttaotacacaccgocegteactectacegattgagtgatccogcoaataatt
cggactoccogcadgtgttcagatoctyaacottgcagtygaaagtttagtgaaccttatca

cttagaggaaggagaagtcataacaagatttcocotaggtgaacectgocagaagoatca




Amplified region
V9

o Short region (cheaper)

e Fewer introns

e Sometimes more resolutive than
V4

o Fewer reference sequences

available

23617|

= .
Fa "t ]

0O

215N, M

Archaea, green; Eucarya +

Bacteria only, blue; Eucarya
only, red or pink; Bacteria +

Archaea, orange; all three
domains, black.

Wuyts J et al. Nucl. Acids Res. 2001;29:5017-

5028

Cc

Av. size 126 nt

__d

>ENA|AF172714 |AF172714.1 Gvmnodinium breve strain CCMETI18
185 small subunit ribocsomal BNA gene, partial sequence.
aacctaggttoatcctgccagtagtcatatocttotctcaaagattaagccatacatagtct
cagtataagctictatacggcgaaactogcgaatggctcattaaaacagttatagttbtatt
Egatgogtcattcattacatggataactttagaaatictagagctaatacatacgcccaas
ccoogacttcttggaagggttagtgtttattagatacagaaccaacccagaccctaccatat
cttotggtagattcrtaataaccgaacogaatcacattgecatcagotggcgatagatcattic
aagtttctoacctatcagtttocegacogtagaotattggecctaccqgtaacattaacaagt
aacogagaattagogattcgattccgogagagogagcctgagaaacqggctaccacatctaag

saggcagcaggcacgcaaattacccaatoctgacaca aggtagtogacaagaaataa
caatacagggcatceatotcttataattoggaatogagtagaatttasatcocctttacaagt

atcaattogagogcaagiciggtgccagecagecgcataattoccagetecaatagegtata
ttaaagttattocagttaaaaagctegtagttogattictgoccgaggacgaccgatecac

coto gagtato it t catottct AAC gotacacttaga
ct tagta atcc. acttttactttgaggaaattaga ttcaagcaaggca
t. cottgaatacattageoa aataataagat. f=ale] totattttattagt
ttotagagctgagataatgattaat. atagtt attegtatttaactatca

aaattottagatttgtta =1 actagt a catttgccaaggatatt
tteattgatcaagaacgaaagttagoggatcogaagacgatecagataccoatectaatetta
accatasaccatgocgactagagattogaggtocgttacttatacgactocttocagcasct
tatogagasatcaaagtctit ttcoaogoogogagtatggtcagcaagoctgaaacttaaa

ggaattoacoggaagagcaccaccagoagtogagocctacgcttaatttogactcaacacaag
gaaacttaccagotccagacatagtaaggattoacagattgatagcototitcttagatict
atogotootoataocatggccgttcttagttogtggagtgatttagtctaogttaattecatt
aacgaacgagaccttaacctagctaaatagttacacaotaacttcggttacatgogcaactt
cttagagggacttigcogtatctaacacaaggaagittaaggcaatagcagotctataatg
cccttagatatictaggctacacgcacagctacactaatgcgctcaacgagttttcgacct
tgccocagaaogttagggtaatctttttaaaacacate ato atagattattocaat

tattaatcttcaacaaggaattectagtasogcocogagtcatcagectocatactoattac

cccotoccotttgtacacaccgeoecgtegetectacegatt t aataatt
actgccgca ttecagatcctgaacattac a ttt aaccttatca
ct aggaaggagaagtcgtaac tto tgaacot aaggatca




Primers
Many choices

V4

V4 specific

V9

Universal (euk+prok)

Mismatches 0

(a) Primer V4 #08

1.2.3.4.5+

Stramenopiles - n =6819
Rhizaria = n = 4849
Opisthokonta = n = 49264 |
Hacrobia = n = 1414

Excavata = n = 2569

Supergroup

Archaeplastida = n = 12803 |

Amoebozoa - n = 1659

Alveolata = n = 20504

T T T
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Vaulot, D., Mahé, F., Bass, D. & Geisen, S. pr2-primer: an 18S rRNA primer database for protists. Molecular Ecology Resources 22, 168-179
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Assignment o,
[ ] ’. r ,_"-"--'._
Reference database Silva Egﬁq,,,, dei#:NBI

high quality ribosemal RNA databases Resource GERMAN NETWORK FOR BIOINEORMATICS INFRASTRUCTURE

Home SILVAngs Browser Search ACT Download Documentation Projects FISH & Probes Contact

e Genbank
SILVA News

= Taxonomy very bad
o Silva

» OK for prokaryotes

= Eukaryotes bad

Welcome to the SILVA rRNA database project

A comprehensive on-line resource for quality checked and aligned
ribosomal RNA sequence data.

SILVA provides comprehensive, quality checked and regularly updated
datasets of aligned small {165/185, 55U) and large subunit (2357285,
LSU) ribosomal RNA (rRNA) sequences for all three domains of life
(Bacteria, Archaea and Eukarya).

SILVA are the official databases of the software package ARB.

For more background information + Click here

SILVAngs

silvaﬁi%

Check out our service for Next Generation Amplicon data

SILVA Alignment, Classification and Tree (ACT) Service
The SILVA ACT service combines alignment, search

and classify as well as reconstruction of trees in a

single web application.

SILVA ACT is available at: » www.arb-silva.de/act

SILVA Tree Viewer

The SILVA Tree Viewer is a web application to
browse and query the SILVA guide trees.

A technical preview is available at A arb-
silva.de/treeviewer, The Tree Viewer for SILVA 132
LSU can be found Alhers,

11.12.201%

Merry Christmans & Happy New Year 2020

The SILVA Team wishes you a Merry Christmas & Happy New
Year. Many thanks for all your feedback and support to

" improve SILVA and SILVARgs. Looking forward to see you
again in 2020.

(]

16.12.201%

SILVA 138 55U released

Finally it is done... SILVA 138 55U is released. LSU will

< | follow in Spring 2020, Please note: The Treeviewer and
| 5ILvAngs are still on SILVA 132, Updates are planned for

January 2020. Many thanks for your patience, the next

release will come faster (hopefully).

14.10.201%

SILVA 55U Release 138 in November

We know you all are looking forward to the release of SILVA SSU 138.
We are currently in the last steps of creating the release and plan to
release SILVA 55U 138 in the week of November 11. We are sorry for
the additional delay and the inconveniences it may cause.

03.05.201%

Update on SILVA Release 138

We are sorry to inform you that the SILVA Release 138 is
delayed further and we have decided to release the 55U
and LSU datasets separately to compensate for the delay.
We estimate the 55U datasets to be available in October
and the LSU datasets by the end of the year. This news article will
give you some background information on the release.

go to Archive -=

User satisfaction survey

SILVA is now part of the German

Network for Bioinformatics e

Inf ras trlJCtLII’E d e. NB' " GERMAN NETWORK FOR BHMNFORMATICS INFRASTRUCTURE

To evaluate and improve our quality of service we need your
feedback. Please help us by participating in this short Alsurvey.



Assignment

The PR2 database S RPN “'.-":3' ‘. A
N e

3
N I A

221 091 sequences SR
= nuclear 18S rRNA RTINS gt g%
= plastid 16S rRNA (PhytoRef) j ERININNE i —Cyresre v

Latitude:

» bacteria and archaea 16S to check T s
contamination
. . cnidomycaw | POTTfETA
» Unified taxonomy (9 ranks from kingdom to Nematoda Noees Streptophytal—
SpeCieS) Cnidaria Opisthosporidia o Florideophyceae
o Metadata (e.g. coordinates, environment) - Pratnemines| Annelida Craniata
Basidiomycota SRRTRI
« Available as web interface, flat files or as R PR P —— PRt
package Chlorophyceae Kinetopiastea 0a

RAD-B

Latest version: 5.0 (rel d 05-2023 W ISTIHOROTI i
version: .9 (release ) Arliiopoda ™

Bacillariophyceae

Globothalamea | Folycystinea

Mediophyceae | Sagenista

CONThreeP
Oligochymenophorea

D in Ophyceae Perkinsida

Ascomycota e e s

Oynd N dle:’ Spirotrichea Coccidiomorphea

Guillou et al. 2013. The Protist Ribosomal Reference database (PR2): a catalog of unicellular eukaryote Small Sub-Unit rRNA sequences with



Caveats

e Abundances are relative abundances
= Can be hard to compare different samples

» Relative abundance depends on abundance of other groups

» Compare with microscopy counts

e Biases due to
= Filtration
= DNA vs. RNA (total vs. active)
e Depends on reference database
= Many species do not have reference sequence
= Need cultures from sampling site
= Single cell gene sequencing
 Different processing and reference databases
= Reprocess primary data
o metaPR2
o EukBanks
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sample amplicon reads OTUs
sequences

Metﬂbarcodin"g processfpg y

Errors

m—- Make OTUs
DADAZ2

32



Metabarcoding pipeline

e D D bamecing = oA DADAZ2: Fast and accurate sample inference from
; , licon data with single-nucleotide resolution
sequencing _, demultipleX ey quality filter/tim ey <
fﬂﬂilltY fa th files {split samples by barodes) e (remove adaplers/primers) fa sta ﬁlE‘.S
mﬁf&ﬁ PR 1NN E TRl 1 mm: pluﬂﬁaht}l [{I.HEIE:I S-nﬂﬂ'bmh ;?;gﬁ:m 111071530 1544 1 2
Reie et = iasty_demux (usearchivsaarch) = tasig_filter ﬁus-aarchﬁmm}j b
- ma%atmdn splither (Fast-toolkit) Efmﬁ?ﬁ.:ﬂa s % i s
Amplicon Sequenclng

Standard
te OT
generate = outputs Sample_A |Sample_B| ...
Seq 1 0 428
oA A count table = Seq 2 | 306 323
dereplication === chimera removal fasta file Seq 3 | 217 1
I:..IE::;r within a workflow, &.g.: \ .‘/ taxnnﬂmymmmm
e resolve ASVs - Seppriee DADA2: High-resolution
ER sample inference from
qgiime2 &

Illumina amplicon data

Benjamin J Callahan!, Paul ] McMurdie?,
Michael ] Rosen?, Andrew W Han?, Amy Jo A Johnson? &
Susan P Holmes!

We present the open-source software package DADA2 for
modeling and correcting Illumina-sequenced amplicon errors
(https://github.com/benjjneb/dada2). DADAZ infers sample
sequences exactly and resolves differences of as little as

1 nucleotide. In several mock communities, DADA2 identified
more real variants and output fewer spurious sequences than
other methods. We applied DADA2 to vaginal samples from a
cohort of pregnant women, revealing a diversity of previously
undetected Lactobacillus crispatus variants.
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Seqguences
Fastq files

Identifier —
Sequence —

P

—® Q5RR566546.970 HWUSI-EAS1673_11067_FC7070M:4:1:2299:1109 length=50
—® TTGCCTGCCTATCATTTTAGTGCCTGTGAGGTGGAGATGTGAGGATCAGT

" sign

® +

Quality scores

® hhhhhhhhhhghhghhhhhfhhhhhfffffe‘ee[‘X]bld[ed® [Y["Y

ldentifier

Sequence —
' sign —
Quality scores —

® @5RR566546.971 HWUSI-EAS51673_11067_FC7070M:4:1:2374:1108 length=50
—® GATTTGTATGAAAGTATACAACTAAAACTGCAGGTGGATCAGAGTAAGTC

-9 +

—e hhhhgfhhcghghggfcffdhfehhhhcehdchhdhahehffffde‘bVd
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Cluster

sample amplicon reads
sequences
- L
o® ‘e®.
¥
L
‘l
L ol o
8
L @
Errors |



Assign
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Data tables - ASVs

F| A ] C o E F G H |
1 otu Domain Supergroup Division Class Order Family Genus
2 |OtuD01 |Eukaryota Archaeplastida Chlorophyta Mamiellophyceae Mamiellales Bathycoccaceae Ostreococcus
3 |Otud02 Eukaryota Hacrobia Haptophyta Prymnesiophyceas Prymnesiophyceas_X Braarudosphaeraceae UCYN_AL_host
ﬂ:_ OtuD03  Eukaryota Archaeplastida Chlorophyta Mamiellophyceae Mamiellales Bathycoccaceae Bathycoccus
5 |otuooa Eukaryota Alveolata Dinophyta Dinophyceae Dinophyceas_X Dinophyceae_X Prorocentrum
6 |OtwD05 Eukaryota Stramenopiles Ochrophyta Bacillariophyta Mediophyceae Mediophyceae_X Thalassiosira
?_ OtuDoB6 .Eukar-,rn-ta» Stramenopiles Ochrophyta Bacillariophyta Bacillariophyceae Bacillariophyceae X Pseudo_nitzschia
& |otuoo7? .Eukan.ruta stramenopiles Ochrophyta Pelagophyceae Pelagophyceae X Pelagophyceae_X Pelagomonas
9 |Otul08 Eukaryots Alveolata Dinophyta Dinophyceae Dinophyceae_} Dinophyceae_X Dinophyceae_X
lﬁ ] Otu00s .Eukar-,rota Hacrobia Haptophyta Prymnesiophyceas Prymnesiales Chrysochromulinaceas Chrysochromulina
11 |otuo10 Eukaryota Opisthokonta Metazoa Craniata Craniata_X Craniata_NX Craniata_X¥¥_unclassified
L2 [OtuDll |Eukaryota Stramenopiles Ochrophyta Chrysophyceae Chrysophyceae_X Chrysophyceae_Clade_C Chrysophyceae_Clade_C_X
15_ Otu012 .Eukar.rata Alveclata Dinophyta Dinophyceae Dinophyceae_X Dinophyceae_X Gonyaulax
14 |Otuo13 Eukaryota Alvealata Dinophyta syndiniales Syndiniales_Group_1l Syndiniales_Group_I1I_X Syndiniales_Group_I11_X
L5 |Otu014 Eukaryota Stramenopiles Ochrophyta Chrysophyceae Chrysophyceas_X Chrysophyceae_Clade_G Chrysophyceae_Clade_G_X
L6 |OtuD1lS Eukaryota Alveclata Dincphyta Dinophyceae Dinophyceae_X Dinophyceae_X Dinophyceae X
l?r Otublé Eukaryota Hacrobia Centroheliozoa  Centroheliozoa_X Pterocystida Pterocystida_X Pterocystida_X
L8 |OtuD1l7 |Eukaryota Opisthokonta Fungi Basidiomycota Agaricomycoting Agaricomycetes Hyphodontia
19- Otu01ls .Eul-c,arfn-t& Stramenopiles Ochrophyta Dictyochophyceae Dictyochophyceae X Pedinellales Pedinellales X
!ﬁ_ Otu019 'Eukar\,lnta Opisthokonta Fungi Basidiomycota Agaricomycotina Agaricomycetes itersonilia
!1_- Otud20 | Eukaryota Hacrobia Haptophyta Prymnesiophyceae Prymnesiophyceas_X Braarudosphaeraceae Braarudosphaera
$2 |[OtuD21 |Eukaryota Alveolata Dinophyta Dinophyceas Dinophyceae_X Dinophyceae_X Dinophyceae_X
Eﬁ_ Otu022 | Eukaryota Hacrobia Haptophyta Prymnesiophyceae Prymnesiophyceae X Prymnesiophyceae X Syracosphaera
!4'_- Otu023 |Eukaryota Stramenopiles Ochrophyta Bacillariophyta Bacillariophyceas Bacillariophyceas_X Bacillariophyceae_X
!5 (Otu024 |Eukaryota Archaeplastida Streptophyta Klebsormidiophyceae Klebsormidiophyceae X  Klebsormidiephyceae XX Klebsormidium
!E_ Otu025 | Eukaryota Archaeplastida Chlorophyta Mamiellophyceae Mamiellales Mamiellaceae Micromonas
E]’_- Otud26 | Eukaryota Stramenopiles Ochrophyta Bacillariophyta Bacillariophyceas Bacillariophyceae_X Cylindrotheca
18 |(Otu027  Eukaryota Alveclata Dingphyta Dinophyceae Suessiales Suessiales_X Karlodinium
!5_ Otu028 | Eukaryota Hacrobia Haptophyta Prymnesiophycease Isochrysidales Noelaerhabdaceae Emiliania
30 |Otu029 :Eukarlﬂ}ta Opisthokonta Fungi Ascomycota Saccharomycotina Saccharomycetales Debaryomyces
i1 (Otu030 |Eukaryota Hacrobia Cryptophyta Cryptophyceae Cryptophyceae_X Cryptomonadales Teleaulax
!1“ Otu031 'Euk,ar\,-nta Alveolata Dinophyta Syndiniales Syndiniales_Group | Syndiniales_Group_|_Clade_1 Syndiniales_Group | _Clade 1 X
13 |otuo32 .Eukan.ruta Archaeplastida Chlorophyta Prasino_Clade_VII Prasino_Clade_VII_X Prasino_Clade_VII_A& Prasino_Clade_VII_A_4_X

37



Data tables - Abundance

| A ple|l o | E] F| & H i | 3 | x|l wmMm]| 8 ]|o] P | alnr sl 7 | u
|  otu

1 | Ml Wi0p ¥ln  XTp  ¥20n X120p ¥121n  XIZlp  XI22n X122p W125n X12Sp X1Z6n  X126p X127n X13n  W13p  Xl0n  XMOp XM
2 |Ow001 | 13679 6292 42 2500 18850 5 43 7138 9432 10541 9 9772 1388 7 31538 38 2338 23 9 1358
3 éc:tuuuz | 18 7134 38 9830 45 61420 182 23751 36 11 4535 3502 11018 5473 26 14411 38 19018 12 3080
4 :GELIDDS _ 5939 B983 31 13 24620 19 19 16 12502 3831 4621 2240 98924 4052 9292 18 0 37 7| 3680
S |OtuD0o4 | 3675 4234 24 22 11 16 32967 35 B 18 6908 5 16 8702 24 11 37717 0 25 4196
6 _EIDIIJDDS _ o 5 0 7 0 2] 0 16 20166 o o 2 5 B8 2 16 0 13 0 0
7 _:ﬂtuﬂﬂﬁ _ 1} B a a 0 2] 1] a 5 3 ] 1) Q g a 5 4 0 0 3
8 _Eﬂtuﬂﬂ? | 4587 518 4 386 8775 5 6 1102 14336 o 0 3626 51 0 5 12 ) 10 0 395
B_EIDIUDDE _ 1 8 2 4408 3 29 6 12355 Q o ] o L8] 9 3 1588 o (7] 3 3
1ﬂ_:ﬂtum‘9 _ 115 914 3 325 0 629 1 834 5 0 1354 2108 1117 a7 0 2010 1897 11227 1 3
11_§ﬂtul:lli‘.l | 780 g 23810 12, 3279 1] 12 7| 3027 o 2 41586 Q0 0 18 o 0 0 0 0
1zjowo11 | o0 3 2 2 o 13 5 s 4 73081 11 46804 O 3 11 0 5 0
13_591:'.&'312 _ o o 0 -] 0 4] 4] 16 3 (4] o 4] L8] 0 0 17 o - o 0
lﬁ_gﬂtuUIE _ 6321 2471 F Q 12 3 0 0 4 20272 i) 15 o 0 5 0 11 Q 14 0
15_Eﬂtl.ll:|1-¢ g 82 4 3204 1| 1687 4 9233 13 3 o 2707 L] 0 3 4806 9 3 5 0
:I.E__éﬂtl.lﬂl'i o 12 o 3 7 23 1 & 10 ] 4 2772 1 3 L8] 2 0 10 13 8052
l?_iﬂtuﬂlﬁ 1 o o 9 5 ] 1] 14 Q ] o 0 2654 L8] L8] =] 1 1 0 o
18 éﬂtuﬂl? L ] L] Q L8] o 0 aQ 17 a8 ] 1] L8] 0 L8] 1y 24 48 35210 4
19_§UELIDIE 1 o 9 811 (] 0 15 2702 = 4 342 2217 606 0 13 3846 4 6 B513 1
20 Otu019 0 O 13 0 0 o 29 0 o o 0 o 0 0 11 0 0 5 a4 0
zl_jutuuzu 425 0 1 0 1706 0 8447 1 0 o 0 0 0 26 0 0 3490 0 2620 O
EEECIELIDII 0 & O 0 0 10 0 0 0 O 2 0 0 & Q0 0 0 0 0 4
23 |Otud22 0 O 0 4987 0 0 0 6§ 90 1 1 524 0 467 0 4 8 5198 0 1
24 |OtuD23 4 O 1 0 0 3 0 0 0 o 0 0 3351 3 0 3910 1 2 3 0
25 |OtuD24 0 0O 0 o 0 o 0 0 0 o o 17 0 0 0 o 0 2 1, 0
26 ECIEUDZE &9 o o 0 290 0 0 0 21 0 118 2 9 518 2 o 0 2 0 a
27 |Otu026 0o 2 0 o 0 3 o 0 0 1 0 o o0 o0 0 o o 0 o o0
28 Ec:tuuz? 6 2304 o o 5 0 o o 57 4 0 14529 9597 2 & o o 0 o o



Data tables - Metadata

D00~ O LN fa R

A
zample

X10n
X1op

[X11n

¥11p

¥120n
¥120p
X121n
X12p

[ %122n

X122p
%1250

|%125p
| %1280

X126p
X127n
X13n
X13p

| X140n
X140p

X14in
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| K142n
| X142p

¥155n
X158p
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B
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Yeg
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47350
24007
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TO455
Te182
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TET40
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27381
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BEET14
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45569
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4221
85219
aoTeT
S4162
50782
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43817
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22468
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SoT32
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E

‘total_165

Br72
4448
6193
14
3292
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11730
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11316
23243
2o53
8237
7384
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BEES
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10802

3411

F
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]
G241
T2

10201
&3
23147
26838
23706
15543
11045
14331
21461
16929
10140
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21316
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12301
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10426
11753
17156
20674
85172
14447
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15532
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1033
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08
24442

G
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10

11

1
120
120
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155
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165
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H

sample_number fransect
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|
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100
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27 42
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-26.8
=27 39
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-27.59
-27.59
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27.79
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L
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4472
4472
453
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=1 82
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Data tables - Merged

A | e | ¢ | D | e | F G vl v [ o[ k| |mgolr|[alr]|s]| T ]|u
. . m m m
Taxonomic units (ONUs, ASVs) Samples SO
- X —h > N _H__‘,*_-_‘_ e e e e e S 2 P 52
1 m w5 eeiesiesif—j— T - -
[9] 9] [ = = o — = = = —= w o o
o] = = oo — (9] e h = oo o b = =
- QR S S ) ) S
otu_id E'kingdom E'supergroup Ediuision Eclass E'genus E'species = - "2 o & o1 =
_12 |otu 0011 Eukaryola — Aleolats  Dinoflagellsta  Dinophyceae  Gyrodinium Gyrodinium_fusiforme NS — B 0
_24 Jotu_0043 l Eukayola  Alveoiata Dincflagellata  Dinophyceae  Gonyaulax Gonyaulax_spinifera o0 0 0 0 o 0 0 0
4s |otu_0047 @ Eukaryota Opisthokonta  Metazoa Arthropoda Temora Temora_turbinata 0 0 0 0 0 0 0 102 0
52 |otu_0051 @ Eukaryota Opisthokonta  Metazoa Arthropoda Bestiolina Bestioling_similis 0 0 697 0 0 0 0 0 1748 0 5
_61 |otu_0060 § Eukaryola  Stramenopiles |Ochrophyta Bacillariophyta  Chaeloceros Chaetoceros sp P._ 26 0 0 0 44 o 0 118 o !
pE_|otu_0065 8 Eukaryota Opigthokonta  Metazoa Arthropoda Paracalanus Paracalanus aculeatus 0 0 0 0 1831 1644 0 0 0 g
72 |otu_0071 @ Eukaryota Stramenopiles  Ochrophyta Bacillariophyta Thalassiosira Thalassiosira_sp. 0 0 0 0 0 0 0 0 0
78 |otu_0077 @ |Eukaryota Opigthokonta  Metazoa Urochordata Qikopleura g@g@;g_dmma 324 238 575 1421 0 a7 248 0 580 0 3z
79 |otu 0073 @ Eukaryota Opisthokonta  Metazoa Cnidaria Calcigorgia Calcigorgia_beringi 52 0 0 0 0 0 0 0 0
80 |otu 0079 @ Eukaryota Archaeplastida Chlorophyta Mamigllophycea Micromonas Micromonas_commoda AR 483 0 0 183 135 719/ 1006 388 1446 4!
24 |otu_0033 @ Eukaryota Opisthokonta  Metazoa Arthropoda Acrocalanus Acrocalanus gracilis 0 0 0 0 0 0 0 0 0
_eg |otu_0027lf Eukayola  Opisthokona  lietazoa Mollusca Bathymodiolinge Bathymediolinge_gen. 0 0 0 0 0 0 0 0 0
95 |otu_0094 @ Eukaryota Opisthokonta  Metazoa Arthropoda Parvocalanus Parvocalanus crassirostri 0 0 0 0 0 0 0 0 0
108 |otu_0102 @ Eukaryola Opisthokonta  Metazoa Urochordata Qikopleura Qikopleura dipica 35 0 400 540 108 0 784 64 339 0 32!
115 otu_ 01154 Eukaryota  Alveolata Dinoflagellata  Dinophyceae  Dinophyceae XX Dinophyceae JXX_gp, 1.0 0 00 0 269 0 315 2079 4
119 |otu_0119 @ Eukaryota Opisthokonta  Metazoa Arthropoda Paracalanus Paracalanus_sp. 81 0 1925 855 0 0 113 178 0 1
127 |otu_0127 @ Eukaryota Archaeplastida Chlorophyta MamiellophyceaMicromanas Micromonas clade_B_warll 246 0 0 0 0 109 251 17a 153 226 152 233 0
136 |otu_0136Q8 Eukaryola Hacrobia Cryptophyta Cryptophyceae Geminigera Geminigera_cryophila 347 299 0 289 135 52 247 146/ 194 4300 201 109 1 2
141 Jotu_01440L Fukaryota  Archaepiastida  Chlorophyta Trebouxiophy ce-Nannochloris Nannochlors_sp. o o o 0 0 44 0 0 0 0 0 0 0
146 |otu_014 Eukaryota Opisthokonta  Metazoa Arthropoda Bestiolina Bestiolina_sp. 0 0 706 83 558 0 0 0 0 0 0 0 57
_143 |otu_0150  Eukarjota  Archaepiastida Chlorophyta Trebouxiophy ceNannochloris Nannochloris_sp. 0 0 0 0 0 NI el aplaf 0 00 0
151 otu_0153 Eukaryola  Opisthokonta  Metazoa Arthropoda _ Qithona Oithona_davisae 0 0 0 0 0 gNumbertOf 0 0 0 0
171 |otu_0173 Eukaryota  Archaeplastida [Chlorophyta I amiellophy cea Ostreococcus Ostreococcus sp. 0 0 0 0 0 Iyttt () 0 0 0
otu 0175 [Eukayola  Alveolals Dinoflagellsta  Dinophycese  Dinophyceae XXX Dinophyceae XXX_sp. 0 s 551 0 0 geqguences? o ¢ 0 14
E&on ot Eucnos  Stamencsiies Ochroonyts Bacillariophyta  Ceratauling Cerataulina_pelagica 00 0 O O ‘escallestta/0l 0 0 0
177 _|otu_0179  Eukaryota Stramenopiles  Ochrophyta Bacillariophyta Cyclotella ,QLqugllg_choctawhatche 0 0 0 0 0 47 g 0 0 0 0 0
190 |otu_0192 Eukaryola  Alveolats Dincflageliata  Dinophyceae  Gyrodinium Cyrodinium_qutrula o T 7m0 o o 0 o o 0 fig o ]
191 |otu_0193  Eukaryota Rhizaria Radiolaria RAD-B RAD-B-Group-IV_X RAD-B-Group-IV_X_sp. 0 20 0 51 ] 0 0 0 G568 g8 0 0 0
193 |otu_0185  Eukaryota Opigthokonta  Metazoa Arthropoda Acrocalanus Acrocalanus gracilis 0 0 0 0 0 0 0 0 0 0 1252 0 0
134 |otu_0196  Eukaryota Opisthokonta  Metazoa Porifera Unclassified_Halichondrida |Halichondrida sp. 0 0 0 0 0 0 0 0 0 0 0 0 0
198 |otu_0200  Eukaryota Opigthokonta  Metazoa Arthropoda Qithana Qithona_similis 0 0 0 0 0 0 0 0 0 0 0 0 0
199 [otu 0201 [Eukayola  Alveolats Dinoflagellata  Dinophyceae Woloszynskia Woloszynskia_halophila o o o 0 0o 0 0 0 0 0 0 0 0
205 |olu_0207 Eukayola  Archaepiasida Chlorophyta lizmiellophycea Ostreococcus Ostrencoccus. sp. 0 o o 0o 0 0 0 0 0 0 0 0 0
208 |otu_0210  Eukaryota Rhizaria Cercozoa Filosa-lmbricaterNovel-clade-2_X Movel-clade-2_X_sp. 329 40 0 0 0 58 0 18 0 123 123 0 o 2
200 lotu 0211 [Eukayola  Opisthokonta  Wetazoa Cnidaria Forskalia Forskalia_gdwardsi 0 o o 0o 0 0 0 0 200 0 0 0 0
217 |otu_0218  Eukaryota Rhizaria Cercozoa Filosa-Thecofilor TAGIRIA-lineage_X TAGIRI1-lineage_X_sp. 0 0 0 0 0 0 0 0 0 0 0 0 0
219 |otu_0221  Eukaryota Stramenopiles  Ochrophyta M Thalassiosira Thalagsiosira n','éRL‘L 0 0 0 0 0 0 0 0 0 0 0 0 0
224 |otu_0226  Eukaryota Stramenopiles  Ochrophyta Bacillariophyta | Cyclotella Mudav_chodawhatche 0 0 0 0 0 0 0 0 0 0 0 0 0
226 |otu_D228  |Eukaryota Opisthokonta  Metazoa Arthropoda Qithana Oithona_davisae 0 0 0 0 0 0 0 0 0 0 0 0 0
227 |otu_0229  Fukaryota Opisthokonta  Metazoa Arthropoda Artemia Artemia_salina 0 0 0 0 ] 0 0 0 0 0 0 0 0
220 lotu 0231 Eukarvota Archaeplastida 'Chlorophvta Mamiellophvcea Ostreococcus Ostreococcus clade B 0 0 0 57 0 0 0 0 0 0 o 129 0
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Long read sequencing
Two technologies

e Nanopore - Cheap but higher error rate
e PacBio - Expensive but better
Longer barcodes
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Processing

e Longer processing time (server)

e Full operon reference missing Fastq files
Cutadapt removes adapter
sequences from high-throughput
sequencing reads

nature/methods ARMCLES

Remove primers ——

Emu: species-level microbial community profiling
cuta dapt of full-length 16S rRNA Oxford Nanopore

sequencing data

Marcel Martin Kristen D. Curry®'=, Qi Wang’, Michael G. Nute ", Alona Tyshaieva®, Elizabeth Reeves®",
Department of Computer Science, TU Doftmund, Gesmany .

Sirena Soriano 0, Qinglong Wu ©5%, Enid Graeber’, Patrick Finzer’, Wemner Mendling”,
Tor Savidge ©*, Sonia Villapol %, Alexander Dilthey >**= and Todd J. Treangen '

Filter ()
DADAZ2: Fast and accurate sample inference from L4 o
amplicon data with single-nucleotide resolution da daz

M VA2
L8 DA l

o’.’ "'

Ampllcon Sequenc:ng |21\ Version 1.18

Make ASVs
dada2

tseemann/barrnap ﬁ ¢
4 o Bacterial ribosomal RNA predictor

Nl OB, BB Y o Extract 18S
barrnap

ﬁ Assign taxonomy
AL dada2 - PR2




Better Phylogeny

‘\ﬁ\L'

1 Supergroup

[] Alveolates

[] stramenopiles
[] Rhizarians [ Discobids Y
[7] Haptists ['] Archaeplastids 3 Habitat

[] Cryptists [] Opisthokonts [] freshwater ] marine euphotic
[71 Amoebozoans [ Other 2 Similarity to PR? database M soil [l marine aphotic



Examples of applications



Origin of the
green plant
lineage:
700-1500
Mya

@

Hypothetical
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green
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Green phy

PPTTTETTIT

Marine deep-water

. l
Picocystis clade @

Mamiellales
e.g. Ostreococcus, Micromonas @ 7 |Mamiello-
: ) (6)
Dolichomastigales phyceae
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) N

(9)
Pyramimonadales
Pyramimonas, Cymbomonas
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Pyc nococcaceae
Pycnococcus, Pseudoscourfieldia

prasinophyte clade VIIi
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Nephroselmis

Prasinococcales

Prasinococcus, Prasinoderma (14)

Palmophyllales
Palmophylium, Verdigellas

Mesostigmatophyceae

ﬁ (16)

Mesostigma

agorvse @g.,

Klebsormidiophyceae M18] charo-
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(19)
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Green vs. Red lineages

Organic
carbon

|
|
4 |
2 Prokaryote I e ‘ .
Cyanobacteria @ ? | Oxygenic
g | . photosynthesis
Eg Plastid | spreads vig )
E o I _________ __| endosymbiosis

Chla phycobilins
Green Red Preference for
plastid plastid Mn. Co, Cd
Red algae
N
\ J
Prechromist
host cell
£
* O
Cryptophytes
Chla—chlc
phycobilins pr
s Chlorarachniophytes SosstliEE fn
Calcareous Haptophytes
Euglenoids Chla—chic h&aﬁwns

Dinofiagellates ¢

Chla—Chlc
fucoxanthins or phycobilins

# Diatoms .

‘Chla-Chic

Chla—chlb 1—-Cl
peridinin

Silica mobilization ? Heterokonts,

Y ESS S SR A TP R
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What is the color of the ocean ?

 Why did the green lineage
rapidly decline in ecological

Importance durlng the early Paul G, FaLkowskl' *, Oscar SCHOFIELD®, Miriam E, KAT2', Bas VAN DE
Mesozoic? SCHOOTBRUGGE" ?, and Andrew H. KNoLL®

Why is the Land Green and the Ocean Red?

! Department of Geological Sciences, Rutgers University, 71 Dudley Road, New Bruns-

® Why have terreStrial wil:if. Nr.\.v._'J.':My 08901, USA. falko@imes rutgers odu, mimikatzé@rel rutgers edu,
photoautotrophs not followed R

* Environmental Biophysics and Molecular Ecology Program, Institute of Marine and

H H H H H Coastal Sciences, Rutgers University, 71 Dudley Road, Mew Brunswick, New Jersey
similar trajectories following the 08901, USA, sear@imcs rutgecs e
en d - Pe rm |a n extl N Ctl on ’? " Department of Organismic and Evolutionary Biology, Harvard University, 24 Oxford

Street, Cambndge, Massachusetts 02138, USA. aknoll@oeb harvard edu

But maybe the question should
be: Is the ocean really red ?



The green lineage

o Streptophyta
= Land plants
e Chlorophyta
= Core chlorophytes
» “Prasinophytes”
o Mamiellophyceae
o Chloropicophyceae

Marine
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Mamiellales H
e.g. Ostreococcus, Micromonas @ (v} Mamiello-:
: - G} H
= Dolichomastigales phyceae :
Crustomastix, Dolichomastix :
: 8 I .
- Monomastigales % | :
Monomastix » o Eprasino-
Pyramimonadales H
.yDyramfmanas, Cymbomonas (10) 4 phytes
.
Pycnococcaceae .
Pycnococcus, Pseudoscourfieldia @(1 1) a2 4
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The green lineage represents 25% of coastal phytoplankton

Data from OSD But up to 94%...
Percent Chlorophyta — % of Photosynthetic reads
f.;:.-;:?v o = 2 A
L ~ ¥ - - 1 . :
S . .
5 | |
:E a0 ® .
O ay !
Q 5
— E o
g g
-
5; 30 %
9 « 10 v
2 L
=
== Ochrophyta m= Cryptophyta == Rhodophyta = ; ,
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Which are the most important classes ?

Mamiellophyceae

Trebouxiophyceae

Ulvo-  [=1FTES
phyceae |-

Clade Vil

Oceanic

Chloropicophyceae

Mamiellophyceae
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Are all classes uniformly distributed?

Coastal waters (OSD)

Mamiellophyceae
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Are all classes equally prevalent?

Coastal waters (OSD)

Mamiellophyceae
Pyramimonadales
Trebouxiophyceae

Chiorodendrophyceae
Palmophyllopbyceas
Uhvepkyceae
Chlorophyceas
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Community structure?

Coastal waters (OSD)

%
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Prasinophytes clade X

60

40

Chloropicophyceae

20

Palmophyllophyceae

Chlorophyceae

Ulvophyceae

Chlorodendrophyceae

Trebouxiophyceae

Pyramimonadales

Mamiellophyceae

{28 ATL

0153 MED

10 LAK
081 ARG
034 MED
045 ATL
072 ATL
164 ATL

JREsRaZad
Indn B In 2n
REEEEES

001 ATL

i

aaRESZR
T
ZEEAZES

e oo e
gE%EtSEES

285
AEBEER

&
x

Tl
148 ARC

097 ATL
1% MED
167 ATL

Station

56



Micromonas

First picoplankton species described in 1952

e M. pusilla (Chromulina pusilla)

- —
T

e 1.5 um
M. commoda

e Flagellum

M. bravo

Three more species recently described

e M. commoda
e M. bravo
e M. polaris

Two “candidate” species

e sp. 1
e SP. 2

M. polaris




Micromonas
OSD data set

Nine clades/species

pusilla
commoda

A1-A2

bravo

B1-B2

polaris
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Micromonas
OSD data set

M. polaris only found in polar waters

Latitude
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Mantoniella

Two new polar species:

e M. beaufortii
e M. baffinensis
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Polar biogeography



Svalbard diatoms . .

Transect
Hausgarten
Isfjorden
Kongsfjorden
Van Mijenfjorden
Wijdefjorden
Woodfjorden

Supraha, L, et al. 2022, Diversity and biogecgraphy of planktonic [0}]

ELEMENTA diatoms in Svalbard fiords. Elsm Sci Anth, 10: 1. o
i hosqevens DOH: hittps-ioel org/ 101525 /ekmenta 202100117 2
L

RESEARCH ARTICLE 78
Diversity and biogeography of planktonic diatoms
in Svalbard fjords: The role of dispersal and Arctic
endemism in phytoplankton community structuring 77

Luka Supraha'*, Kerstin Klemm?, Sandra Gran-Stadniczefiko', Cora Hérstmann?,
Daniel Vaulot®, Bente Edvardsen’, and Uwe John®“#*
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Supraha, L. et al., 2022. Diversity and biogeography of planktonic diatoms in Svalbard fjords: the role of dispersal and Arctic endemism in



Svalbard diatoms
Biogeographic distribution types

Biogeographic
Distribution Type

Description

Arctic

Arctic-temperate

Cosmopolitan

Genotype has a biogeographic
distribution mostly restricted to the
Arctic circlg above 66°N | |

Genotype is present in the Arctic and at
temperate latitudes | 30°N-66°N|and
30°S-66°S

Genotype is present in the Arctic and has
a cosmopolitan distribution




Svalbard diatoms

Polar genotypes

Chaetoceros diadema (ASV_786)
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Svalbard diatoms

Cosmopolitan genotypes

A

Shionodiscus bioculatus (ASV_110) HE492-10 Shionodiscus bioculatus
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Svalbard diatoms

Distribution in fjords

ausgarter§¢van Mijenfjord Isfjorden Kongsfiorden ~ Woodfjorden ijdefjorden
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Under ice bloom

100 — ; 100
50] Seaice 3July b {seaice Tduly
o1 concentration (%) —4July b Jconcentration (%) e8I ALY

o7 56 55 52 50 48 46 5758 61 63 65 67 69 71

7

Transect 2
POC (mg m?)

Transect 1
POC (mg m?)

Transect 2
Nitrate (pmol L")

Transect 1
Nitrate (umol L)
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Distance along transect (km) Distance along transect (km)

Fig. 1. Under-ice phytoplankton bloom observed during ICESCAPE 2011.
(A) Particulate organic carbon (POC) and (C) nitrate from transect 1. (B) POC
and (D) nitrate from transect 2. Sea ice concentrations and station numbers
are shown above (A) and (B); black dots represent sampling depths; black

2012 - Science

Massive Phytoplankton Blooms
Under Arctic Sea Ice

Kevin R. Arrigo,*t Donald K. Perovich, Robert 5. Pickart, Zachary W. Brown,
Gert L. van Dijken, Kate E. Lowry, Matthew M. Mills, Molly A. Palmer, William M. Balch,

Frank Bahr, Nicholas R. Bates, Claudia Benitez-Nelson, Bruce Bowler, Emily Brownlee,

Jens K. Ehn, Karen E. Frey, Rebecca Garley, Samuel R. Laney, Laura Lubelczyk,

leremy Mathis, Atsushi Matsuoka, B. Greg Mitchell, G. W. K. Moore, Eva Ortega-Retuerta,
Sharmila Pal, Chris M. Polashenski, Rick A. Reynolds, Brian Schieber, Heidi M. Sosik,
Michael Stephens, James H. Swift
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Under ice bloom
Green edge - 2016

Qikigtarjuaq
Island
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Under ice bloom
Green edge - 2016
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Under ice bloom

Metabarcoding

Clarence Sim - PhD candidate

Nanyang Technological University

bioRxiv preprint doi: hitps:/idoi.org/0.1101/2024.04.26.591324; this version posted April 29, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the authorfunder, who has granied bioRuxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY 4.0 International license.

Temporal dynamics and biogeography of sympagic and
planktonic autotrophic microbial eukaryotes during the
under-ice Arctic bloom

Clarence Wei Hung Sim"*, Catherine Gérikas Ribeiro?, Florence Le Gall®, Ian Probert?, Priscilla

Gourvil!, Connie Lovejoy®, Daniel Vaulot™8, Adriana Lopes dos Santosh6:
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Under ice bloom

Species succession

. . Prymnesiophyceae Mamiellophyceae i
-- Stage I : Stage 11 Stage I1 ry phy phy Bolidophyceae
.-Snow-cover : Snow-melt Ice-melt .
i -
Solitary Colonial M. Polaris Unidentified
s P, pouchetii  P. pouchetii parmales
§ Cryptophyceae Pelagophyceae
E B. frigidus Unidentified Ankylochrysis sp.
. cryptomonadales
. Pennate diatoms

raphid pennate F. eylindrus Navicula sp.  Fragilaria sp.

B. paxillifer P. seriata

Centric diatoms

. Y 2




Under ice bloom
Biogeography - metaPR2

Biogeography

Description

cASV occurrence

Polar

Polar-Temperate

Temperate

Temperate-Tropical

Tropical

Cosmopolitan

The genotype has a bio-
geographic  distribution
mostly restricted to the
Arctic and Antarctic

The genotype is present
in the polar and temper-
ate regions

The genotype has a bio-
geographic  distribution
mostly restricted to the
temperate region

The genotype is present
in the temperate and
tropical regions

The genotype has a bio-
geographic  distribution
mostly restricted to the
tropical region

The genotype has a

olohal digtribution

Polar > 90%

Polar + Temperate = 90%

Temperate > 90%

Temperate + Tropical > 90%

Tropical > 90%

Polar, Temperate
N9 aach

, Tropical >
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Under ice bloom
Biogeography - global ASVs

Metabarcode is present in more than

e Polar 820 90% of samples in latitudinal band.
e Polar-temperate 453 E :

e Polar- tropical 18

e Temperate 4732 i

o Temperate-tropical 2320

o Tropical 2576 e 53,

o Cosmopolitan 36
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Under ice bloom
Biogeography - Green Edge ASVs

e Polar 80

e Polar-temperate 51
e Polar- tropical

e Temperate 5

o Temperate-tropical
e Tropical

e Cosmopolitan 5

Polar
(N =80)

Polar-Temperate
(N =51)

Temperate
(N=9)

Cosmopolitan
(N=59)



Under ice bloom

Community change

lce: more polar species

o Water: increase of polar-
temperate in stage Il

e Nano and micro communities
are more stable
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Under ice bloom

Early stage - Polar species

Triparma

Stage |l

Stage Il
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Under ice bloom

Late stage - Polar-temperate species

Micromonas polaris

Stage |l

Stage Il

mmelandia trahani
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Take home messages

e Metabarcoding is a very powerful tool to asses community composition
» Most used regions are 18S V4 and V9
o Example of use
» Assess environmental nich of species
= Biogeography
e Future direction
» Validation by comparison with microscopy/automated image
» Quantification with internal standard
= rRNA operon metabarcoding
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Questions ?
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i mgtaPRZ?-a database of metabarcodes
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Many metabarcoding studies for eukaryotes

But hard to use...

. . L : R 100 I' "

e Processed with different pipelines é ] ‘ L
« Different primers X IR uo" IIl I I“I

. . . . T1 8 2 :‘5.3;_’_."‘ J Ocean Samp\mg Day .' s
 Different levels of similarity NAr- g g

, s, e o TARA
o Different reference databases a _ o, N OCEANS |

. w High Diversity

° Metadata IaCkIng aters Implications

Large datasets

e Ocean Sampling Day
e Tara Oceans

» Malaspina

AR S et o e T T -
‘s and sail micro- eulcaryutesfrarna T
e e 3 e ... suspected homicide to estimate the 3
3 T post-mortem interval L

The scobegy and diversay of microbial eukaryates in geothenmal
sprivags
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metaPR2 a database of metabarcodes

Reprocess public data Current status
e Download Genbank (SRA) data e Version 2.1
= Raw sequences e Datasets: 59

» Metadata
Reprocess

» Amplicon Sequence Variant (dada2)
= Merge ASVs with same sequence
Store in MySQL database
Develop under R

Web interface and R package

https://app.metapr2.org

Samples: 6,202
Barcodes (ASVs): 93,127


https://app.metapr2.org/

Example: Biogeography of Micromonas

Taxo level: genusg - Taxen name: Micromonas
Number of samples with taxon: 1100 | without taxen: 545
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Example: Biogeography of Ostreococcus

Taxo level: genus - Taxen name: Ostreococcus
Mumber of samples with taxon: 695 | without taxon: 950

Osireococcus_clade |
Ostreococcus_lucil
Ostreococcus_mediteransus
Ostreococcus_taur

T P Y T e ¥ e W e S e T T



MetaPR2 - Main functions



MetaPR2 - Taxonomy

Nine levels:

Reads ASVs

Mamiellaceae|[Mamiellaceae

e Domain: Eukaryota

Bathycoccus

« Supergroup: Archaeplastida Bathycoceus
 Division: Chlorophyta

e Subdivision: Chlorophyta X
e Class: Mamiellophyceae

e Order: Mamielliales

e Family: Bathycoccaceae

e Genus: Bathycococcus Ostreococcus

Ostreococcus

e Species: B. prasinos




Barplots - Latitude
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Barplots - Time series

Taxo level: genus - Taxen name: Micromonas
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Maps - Dominant
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Maps - Pie charts
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Diversity

Number of samples: 960

Compute diversity - Press again after updating samples

Alpha diversity Beta diversity

Diversity Measure Alpha diversity Beta diversity

Ehat Shandon S0y Ordination method Color varies with:

X axis @ NMDS O CCA O RDA O MDS O PCoA @ latitude O depth O temperature (O salinity
@ latitude O ecosystem O substrate O depth_level O depth O fraction_name O DNA_RNA O temperature O salinity Ordination distance Shape varies with:

Color Shape @ Bray-Curtis O Gower O Jensen-Shannon Divergence @ fraction_name O substrate O ecosystem
O latitude @ depth O temperature (O salinity @ fraction_name O substrate O ecosystem (O depth_level O DNA_RNA O Jaccard O depth_level O DNA_RNA

phyloseq-class experiment-level object phyloseq-class experiment-level object

otu_table() OTU Table: [ 3298 taxa and 908 samples ] otu table() OTU Table: [ 3298 taxa and 908 samples ]
sample_data() Sample Data: [ 988 samples by 9 sample variables ] sample_data() Sample Data: [ 988 samples by 9 sample variables ]
tax_table() Taxonomy Table: [ 3298 taxa by 8 taxonomic ranks ] tax_table()  Taxonomy Table: [ 3298 taxa by 8 taxonomic ranks ]
Chaot Shannon Simpson
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MetaPR2 - In practice



Help and Samples

Help Sample selection

e Read in detail « Major datasets: OSD, Tara, Malaspina

Sample table « By habitat: oceanic, coastal etc...

= Start by “marine global V4~
» dataset name

= Extend to other habitats/datasets
e V4 vs V9
e DNA vs. RNA

o Ecosystems

paper (can be useful to read)

number of samples
number of ASVs
number of reads per sample (coverage)

e Sustrate: water, ice, soil...

o Size fractions: total, pico...

e Depth level: surface, euphotic...

e Minimum ASV: will filter out rare ASVs (e.g. 1000)
« Selection can be saved (yaml file)



Taxonomy

o Can select several taxa within one level

e Press validate every time you need to refresh

e Can exclude taxa to remove fungi, metazoa...

o Can save taxonomy and reload taxonomy (yaml file)



Treemaps, Maps and Barplots

Treemaps Barplots
o Left panel: abundance (number of reads) o taxonomy vs. function
» Reads are “normalized” to 100  variables to use (but this depends on samples selected
e Right panel: diversity (number of ASVs) ')
» fraction name
Maps
= ecosystem
e Read information at top = substrate
= Taxo level = depth level
= Number of samples with/without taxa = DNA RNA
o Crosses where taxa absent = |atitude
 Map types = temperature
= Dominant = salinity
= Pie chart = year, month, day for time series

» Circle scale
= Moving right increases size



Diversity

o Hit “Compute...” after refreshing taxonomy Alpha diversity
e Time proportional to N samples and taxa

X: Chao1, Shannon, Simpson (compare)
e Information about

Discretize continuous Y
= Number of samples

= Number of taxa (ASVs)

Change Y (see barplots)

Change shape

Change color
Beta diversity

e Ordination method (difference ?)
e Ordination distance (Bray, Jaccard...)
e Change color and shape



Download

e Download
= datasets (csv)
= samples (csv)
= asv list with taxonomy (csv)
= asv sequences (FASTA)

You can process these data with R (e.g. dplyr and ggplot2)





