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Metabarcoding for Estuarine Plankton Monitoring| Introduction

Plankton is essential for ecosystem functioning

Used as indicators of ecosystem change

Limitations:

— Difficult

— Time-consuming
— Expertise

— Cryptic species

http://slideplayer.com/slide/8127598/
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- I Metabarcoding for Estuarine Plankton Monitoring| Introduction

* Metabarcoding as an alternative:
— Lots of information
— Sensitivity and resolution
— Detection of rare taxa, cryptic or NIS

* Limitations: Some groups are poorly represented in
databases

* Quantification is affected by:
— Copy Number Variation (CNV)

— Technical biases during DNA extraction, PCR or
bioinformatics

(34



Metabarcoding for Estuarine Plankton Monitoring| Objectives

Main objective: to compare microscopy against metabarcoding
to assess the usefulness of metabarcoding for estuarine
plankton monitoring

Others:

— Spatio-temporal structure in relation with environmental
parameters

— Effects of database completeness in taxon assignment
— Sensitivity for NIS detection

[



Metabarcoding for Estuarine Plankton Monitoring

Macrozooplankton from oceanic samples

100% identity for sequences corresponding to the “Para-Und-

Euch” group — single OTU for 8 species

Previous study

Number of individuals per taxa and sample: A-101 B-101 C-11 D-101
Meganyctiphanes norvegica Euphausiid 101 33 1 100
Undeuchaeta major congeneric Copepod 13 39 1 1
Undeuchaeta plumosa pair Copepod 3 9 1 1
Euchirella rostrata congeneric Copepod 20 60 1 1
Euchirella curticauda pair Copepod 2 6 1 1
Paraeuchaeta gracilis congeneric Copepod 22 66 1 1
Paraeuchaeta tonsa pair Copepod 12 36 1 1
Euchaeta hebes congeneric Copepod 15 45 1 1
Euchaeta acuta pair Copepod 3 9 1 1
Pleuromamma robusta Copepod 23 69 1 1
Candacia armata Copepod 10 30 1 1
Calanus helgolandicus Copepod 7 21 1 1
Tomopteris spp. Polychaeta 25 80 1 1

orman 1 Zabal 212U
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- I Metabarcoding for Estuarine Plankton Monitoring, Previous study

* 134 OTUs: only 6 from the
sorted spp. (89.25%
reads)

* Comparison within each
particular sample: only
mock-D significant (r =
0.99and P <0.01) —
sample dominated by a
taxon (low eveness) —

probably due to different
CNV between species

Ecology and Evolution

18S rRNA V9 metabarcoding for diet characterization: a
critical evaluation with two sympatric zooplanktivorous
fish species

Aitor Albaina', Mikel Aguirre’, David Abad', Maria Santos? & Andone Estonba’

(&) MOCK counts B} MOCK biomass
100% 1%
i 0
0% 0%
T T
L2 S
50 0%
40 40
3% 0%
b 0% 20,
g 1% ([
3= : o
£
: ic) MOCK reads
= wF - Pleromamma robusda
= f B Canclacia armaia
2 - Conlcormis e fypenlamalivaes
k- [ Pars-Und-Euch group
:2 I Meganyetiphames norvegica
e - Tonmanprieris spp.
1
L=

Al AZ A3 A4 AS BI B2 B3 B4 BS Cl 2 C3 C4 (5 DI D2 D3 D4 D%
Figure 3. Mock samples. Relatve abundance of (A) mecrescoqy auns, (B) estenated Deomass IC dry wesght and, IC) 185 V9 reads, for the sk

OTUs within mock samples. Five techmcal replicates were seguenced (1-5; bottom graph). Mo b in OTUs distibution was reported for the
techmcal rephicates (Knskal-Walls test). legend supenmposed.
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I Metabarcoding for Estuarine Plankton Monitoring ‘ Study area

* Estuary of Bilbao
* Huge anthropogenic impact
* Stratified and channeled

* Undergoing a recovery
program since the 80s

Abra
exterior

Abra Sampling zone of 35

interior

\Sampling zone of 30 %,

lkm M

Figure from Villate et al. (2013)

N



- I Metabarcoding for Estuarine Plankton Monitoring| Methods

Three size fractions: 0.22-20, 20-200 and > 200 ym

Summer (June, July) and Autumn (September, October) in 30

and 35 salinities

Environmental variables

? ......

PLANCTON BTN

H j >. :
a de 20pm Malla de 20pm
vial de 15m|
BACTERIAS V

Filtro de & . Filtro de
0. 22um é-\\_’ 0.22um
"

Vial de 1DmIH " —
N,

v Vial de 10mi

Figure modified from Inma Martin (AZTI; 2013)
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Metabarcoding for Estuarine Plankton Monitoring| Methods

DNA extraction

18S V9 amplification (Stoeck et al., 2010; EMP)

Sequencing (lllumina MiSeq 2x150)

Databases (Silva 111 & 119)

Bioinformatic analysis (closed-reference, 99% similarity)

PCR for
Extract Genomic DMA  Hypervariable Region Sequencing Analvsi
of 185 rDNA Gene (ERSE

Envirenmental
Microbial Samples

Bioinformatics

©



Metabarcoding for Estuarine Plankton Monitoring ‘ Results

Four “different” databases:
— Two standard (Silva 111 and 119)
— Two custom (with addition of 18S sequences)

Greater number of seqs — higher assignment rate

Silva 111 Silva 111 Custom Silva 119 Silva 119 Custom

0.20-20 20-200 >200 0.20-20 20-200 >200 0.20-20 20-200 >200 0.20-20 20-200 >200
June 30 28,21 5,25 1446 4096 67,99 8734 55,60 5,63 14,67 55,69 68,12 8734
June 35 50,71 17,38 2426 55,62 80,59 86,81 5526 2296 48,81 60,09 80,52 86,49
July30 4238 1,16 13,69 4242 10,79 59,68 2395 0,98 14,85 2399 10,36 5947
July35 46,03 35,28 88,17 46,05 43,39 89,68 53,61 51,20 91,24 53,62 57,81 92,64
Sept30 2253 0,75 2497 22,57 21,67 33,7 22,78 6,55 2991 22,80 21,68 33,71
Sept35 3821 21,30 10,58 3823 72,84 86,58 54,06 24,55 12,81 54,08 73,71 87,13
Octo 30 3036 2,31 13,35 30,63 10,16 79,31 35,11 244 76,93 35,14 8,85 79,31
Octo 35 2505 6,63 6,54 2548 39,69 3548 42,18 16,38 19,58 42,59 4941 39,62
Mean 3544 11,26 24,5 37,75 4339 69,82 4282 16,34 38,60 43,50 4631 70,71
Global 23,73 50,32 32,58 53,51

Table 2 Percentage of sequences that were assigned to taxonomy using four different databases. Similarity threshold was set
at at 99%. Total assignment percentage for each database is shown along with those for each specific size fraction (0.22-20,
20-200 and >200 pm), salinity (30 and 35 ppt) and sampling month (June-October)

orman 1 Zabal 212U



Metabarcoding for Estuarine Plankton Monitoring ‘ Results

=200 20-200 0.22-20
100
. CRYPTOPHYTA
75=
. GILIOPHORA
¢ . DINOFLAGELATA
50 - % . OTHER ALVEOQOLATA
@ STRAMENOPILES
DIATOMEA
25- . OTHER OCHROPHYTA
103-
75 -
50- E . OTHER MAXILOPODA
é . UROCHORDATA
CHORDATA
25- . UNCULTURED
l . NOT ASSIGNED
0
L > @ o w - [+ of i w - o T
5 3 & @ 5 = ] @ 5 = & o
= - = el s - = Q = - = =]
L = w = ] =
[y 3 & 3 h 3
L [IT) 1) man 1a rabal Fazy
wr w w
Fig. 1 Proportion of taxonomic ranks in each sample based on the metabarcoding approach. A ﬁ?

total of 17 taxonomic ranks (>1% abundance) are shown.




Metabarcoding for Estuarine Plankton Monitoring ‘ Results

Higher assignation for 35 (64.8%) than 30 ppt (42.2%) in most
of the cases (37 of 48 sequenced samples)

Unassigned percentage lower as size-fraction increased: 56.5,
53.7 and 29.3%, respectively

Maxillopoda dominated the 20-200 and >200 pym (mainly
copepods and barnacles)

More diverse assemblage for the 0.22-20 um (e.g.
Dinophyceae, Cryptophyceae, ...)
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Metabarcoding for Estuarine Plankton Monitoring ‘ Results

METABARCOIMNG MICROSCOPY ACRONYM METABARCODING MICROSCOPMY ACRONYM
Centric distoms CENT Seenede s s spp. SCEN*
Clienero enay civiselis COUR .Ffl FEHTATRT 8 SPP . PYRA
Chiereroceras delilis CDEB CRrre e e Fede Hy OTAL
Cliereroceras soclalis C80C Liver fosessimalis LIINT
Clerero eras spp. CHAE Uncu hured phytoplankds LIPHY
Cemnriend Bver we s Tog (o CWEI Choanoflagellates CHOA
Cyeloredia choctawin feh oo CCHO N Y S LELIC
Cledenrad fex vt o i didenn a CMEN* Srroehaalise ne Beexinvarpd i SBAS
Lepracyiindvas Feoargravesiy LHAR Clvedopdives a ppendicidara CAPP
L alevit desesd T rgrave siy LA UnidentiNed Siphonophora  USIP
[t.'pj'm_'_l J']'Jm’rjr.-.'arpt.u'Jr.\.' LAP{O#* Everaive s iNowenind s ENOR*
Lr.'pnx.'_l dlielFies convar iy LOON* Everdire _-.-pj.a”_'l{- T ESPI*
Melosive vavians MVAR Peodernt S ¥
MNervteader pereliersn MNEAD Perelersr v rerimea fues PINT
Pennate diatonms PEMM Berfevriae s Berlevsaes BALA
Produe s i alata PALA .P:'.I'I:.'.l;er.'.'m.r prrgac s PPAG
Pyl o-nirzseh fa mod v PMUL Cimipedia nauplius larvae CRal
Prewrd o-nitzsehia pp. PSELT Cimipedia cy pris larvac CRYL
Shelerone e sp. SKEL Acarijactiisi Acer it ier e fenesd ACLN /
Shelarenr e meszediil SMEN®* Acariia fonsea Acer st fax Yot sex AT
Shelarenranea pretd ocosfanim S Aeerrsfer sp {oopepoditg AT
Tamdeylinaras belgiews Temieydinarvis belpics THEL* Cerlenipreda agueaedilels Cendenn d el spapmfie il edg AL
Therferssdensiieg 5pe THAL Cerfeniae s el eslenaliesc s HEL
Thedassiesiva allendi TALL Cerraprenge s funimalics CRNT*
Thedassiosiva delicanda TDEL Cygdefos spe. CY\CL*
Thelassiesiva goillardis TGLUT T aren difions Esterpina aeurifions EACYS
Thedassiosiva naliame TLL Clirhemrar e visere 1
Harerosigme alo deiwe MRS AN E Fremer ey ArTremt it St dter ONAN
Apedinelia vad g ASPL (ke sinnilis S *
Hepieixelns ap. HEMI* hieer aen el OMED™*
PJ'argJ't.'.-.r_'J'J.rrJ'.-.' . PLA ParJ'alr_'arJ'arJrJr.-.'|l."\er1'| (i3 Pearacdfnis JE T PRAR*
Taleericley deierea Todaenic fexx e iikear AL Pcalanus 1¢¢pqm-di1c] PCAL
Taleades anphioxeda Tedaene ferx evmepdid e TAMP* Preielereerfevies o greniyon PEL
Telomlax graeilis TGRA Preeloreliap v drime s Prewlonlia prownes iea i PMAR®
Tedaene b miiicter THIN Temversir Sewigpatloniis Tenweren fowt gl ewinds TLON,
Telame e spp. TELE Copepod nauplius CMALL
Chwysee foneding spp. CHEY™ Unidentified brachiura larvae UBRL
Prymnesiales PEYM Crassestren glgas CGIG
Ciymnaodiniales Tkt Myl vis el idis MEDL
Cryininandion fdone cisiie it A LR Listaving [ifrorea LITT
Ciymend piddone fIex gredlevne GFLA Castropod veliger larvae GYEL
Ciywend Bndden spe RO Bivalve veliger larvae BVEL
Heteunca ppaFotindar HEAOT Lincu hured zooplankion L2
Here (SR HETE UJ'.':z.lpJ'r.'mzr . DR
erfend dndsine S . EATO Subellaria alveolafe SALY
Piesreria-like PFIE Sergrirser sp. SaGlL
Mierewnentas puesiila MPLUS Seyliewhise des Fovrzeane STOR

Table 3 List

of most

abundant

from

metabarcoding and microscopy. Only taxa with >1%
abundance in at least one of the samples are shown.
An asterisk marks those taxa identified by both

methodologies.
Thalassiosira allenii TALL
Thalassiosira delicatula TDEL
Thalassiosira guillardii TGUI
Thalassiosira lundiana TLUN
Heterosigma akashiwo HAKA
Apedinella radians ASPI
Teleaulax gracilis TGRA
Ostreococcus tauri OTAU
Micromonas pusilla MPUS

Littorina littorea

Gastropod veliger larvae

LITT
GVEL

Balanus balanus
Peltogaster paguri

Cirripedia nauplius larvae
Cirripedia cypris larvae

BALA
PPAG

CNAL
CCYL
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Metabarcoding for Estuarine Plankton Monitoring| Results
44 taxa in common

Most abundant (>1% abundance):
— 11 by both
— 12 only with Microscopy
— 2 only with Metabarcoding

Metabarcoding detected congeneric species (e.g genus

Thalassiosira) but missed others (e.g. Apedinella radians,
Teleaulax gracilis, ...)

Plankton developmental stages



Metabarcoding for Estuarine Plankton Monitoring

Results

Comparable spacial and temporal patterns by both
methodologies for the >200 ym:

— DO and water transparency with salinity

— Precipitation with date
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Metabarcoding for Estuarine Plankton Monitoring

Results

Neither approach identified a temporal pattern in the 0.22 — 200
Kum, but spatial pattern only by microscopy

o O *
~{C - 0CT 35
OCT 35_0cT 30
p . ]
X TBEI
TBEL X
Precipitation Date Precipitati
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'D.‘m. TLUN
X
4 TDEL
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e = EN ME] ,
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Fig. 2 Metabarcoding and microscopy CCA results.Only taxa with-an abundance of 1% or higher in at least one sample were taken into account.
(a) >200 uym metabarcoding, (b) >200 pm microscopy, (c) 0.22-200 ym metabarcoding and (d) 0.22-200 ym microscopy.
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Metabarcoding for Estuarine Plankton Monitoring

Only taxa uncovered by
both methods

Significant correlations
when comparing all
taxa within each
sample in most cases

Lack of correlation
explained by CNV..

No differences were
found for counts or
biomass

Results

Fraction Salinity (n) Month p (counts) p (biomass)
30 (4) JUN 0.77* 0.89**
30 (4) JUL 0.95*** 0.88*
30 (4) SEPT 0.65 0.65

200 30 (4) OCT 0.51 0.51
35 (10) JUN 0.63** 0.63**
35 (10) JUL -0,27 -0.08
35 (10) SEPT 0.51* 0.58**
35 (10) OCT 0.52* 0.49*
30 (13) JUN 0.48** 0.45*
30 (13) JUL 0.44* 0.48**
30 (13) SEPT 0.67*** 0.69***
30 (13) OCT 0.75*** 0.77***

022200 55 (22) JUN 0.72+** 0.73**
35 (22) JUL 0.55*** 0.59***
35 (22) SEPT 0.58*** 0.74***
35 (22) OCT 0.40** 0.44**

Table 4 Correlations between metabarcoding and microscopy-based analysis of
community compositions. Spearman's rank correlation coefficient (p) and P-
values are shown; P < 0.01 (***), P < 0.05 (**) and P < 0.1 (*). Relative
abundances from metabarcoding were compared against both microscopy-

based relative abundances and biomass.
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- I Metabarcoding for Estuarine Plankton Monitoring| Results

Similar relative abundances for Acartia tonsa in 30 ppt by both
approaches

Only detected by metabarcoding in 35 ppt

100 0,90
20 (a) Acartia tonsa (30) 0,80 (b) Acartia tonsa (35)
== Metabarcoding
80 0,70
- oo = Microscopy
£ 60 2
3 o 0,50
g 50 S
] @ 4
g 40 E 0,40
2 30 2 0,30
20 0,20
(+) (-) -) -) (-)
0 0.00 | - -
JUNE JULY SEPT OCT JUNE JULY SEPT OoCT

Fig. 3 Comparison of metabarcoding and microscopy when assessing two NIS. Acartia tonsa (a, b) and Pseudodiaptomus marinus (c, d) relative abundances in the >200 ym size
fraction are divided by salinity (30 and 35 ppt). “+” stands for low detection percentages. “-” is showed when the species was not detected. e e abal 22
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Abundance (%)

Metabarcoding for Estuarine Plankton Monitoring

Results

Pseudodiaptomus marinus was detected in all the samples with

metabarcoding

Microscopy only in two (30 ppt)

Negative controls/blanks no sequences

100
90
80
70
60
S0
40
30
20
10

(c) Pseudodiaptomus marinus {30)

(+)

JUNE

(-)

—_— .‘*’

JULY

(+) ()

SEPT

OCT

Abundance (%)

0,90
0.80
0,70
0,60
0.50
0,40
0,30
0.20
0,10
0,00

(d) Pseudodiaptomus marinus (35)

— Y ® o ()

JUNE JULY SEPT OoCT

Fig. 3 Comparison of metabarcoding and microscopy when assessing two NIS. Acartia tonsa (a, b) and Pseudodiaptomus marinus (c, d) relative abundances in the >200 pm size
fraction are divided by salinity (30 and 35 ppt). “+” stands for low detection percentages. “-” is showed when the species was not detected. e e abal 22
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Metabarcoding for Estuarine Plankton Monitoring| Conclusions

Similar trends for zooplankton but not for phytoplankton — poor
representation of the latter in databases

Addition of representative sequences from local species —
iImproval in taxonomic assignement

Correlations between relative abundances — semiquantitative

Taxonomic resolution issue of 18S V9 — combination with
other markers

Superior sensitivity in the detection of two NIS



Metabarcoding for Estuarine Plankton Monitoring| Work in progress

Same set of samples with COl and 18S V1-2

Similar estimates in most cases, but higher for COI than for the
18S regions

46 taxa common to all markers — half of them typically found in
the estuary

Taxonomic composition different in COI for the 0.22-20 size
fraction — very few representative sequences for phytoplankton
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185V1-

SALINITY  SIZE MONTH 18SV1-2 18SV9 col
JUNE 2,03 (291) 0,80 (438) 2,64 (523)
200 JULY 1,74 (204) 1,30 (552) 1,77 (190)
SEPTEMBER 2,12 (78) 1,75 (423) 2,48 (238)
OCTOBER 2,75(170)  1,21(220) 1,76 (225)
JUNE 0,94 (893) 1,34 (1241) 3,19 (1782)
% 20 - 200 JULY 1,43 (672)  1,22(908) 2,61 (1812)
SEPTEMBER 1,96 (178)  1,88(355) 2,55 (540)
OCTOBER 247 (197) 1,03 (422) 2,70 (592)
JUNE 427 (229)  4,39(239) 4,36 (259)
022.00  JULY 3,86 (274)  3,39(397) 4,48 (382)
' SEPTEMBER 3,69 (705) 3,68 (893) 4,55 (1764)
OCTOBER 3,91 (806) 4,24 (755) 4,20 (2129)
JUNE 2,87 (129) 2,13 (255) 3,40 (239)
200 JULY 2,35(190) 0,64 (378) 1,03 (187)
SEPTEMBER 2,99 (109) 1,38 (95) 3,54 (182)
OCTOBER 1,93 (221) 213 (291) 3,18 (299)
JUNE 2,55 (537) 1,66 (477) 3,26 (1724)
. 20 - 200 JULY 2,48(959) 2,60 (1122) 2,35 (1988)
SEPTEMBER 2,50 (162) 2,10 (359) 3,04 (288)
OCTOBER 277 (132)  2,86(203) 3,25 (384)
JUNE 4,00 (217)  4,41(293) 4,40 (260)
022.00  JULY 4,08 (132)  3,78(386) 4,59 (222)
SEPTEMBER 4,03 (706) 4,03 (772) 4,77 (1638)
OCTOBER 4,82 (1233) 4,85 (1460) 4,73 (2528)

Above. Shared OTUs between markers.

Work in progress

Left. Alpha diversities (Shannon index) for each marker.
Observed OTUs are included in brackets.
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