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Objectives

Understand the fundamental principles of

omics science and DNA barcoding in marine
biotechnology.

Understand the applications of omics and DNA
barcoding in conservation, fisheries, and
bioprospecting.

Understand the principles of biodiversity analysis
based on an integrative GIS approach.

Co-funded by ° a 5 2
the European Union
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outcomes

Participants are able to describe the
fundamental principles of omics science
and DNA barcoding within the scope of
marine biotechnology.

Participants are able to analyze the applications
of omics and DNA barcoding in conservation,
fisheries, and bioprospecting.

Participants are able to integrate GIS approaches
and omics science in biodiversity analysis of
marine environment.

Co-funded by ° a 5 2
the European Union
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 Gene is a segment of DNA that
contain information for synthesizing
specific protein moleclues, which
determine hereditary traits.

 Genome refers to the entirety of
genetic information in an organism
encoded by DNA.
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» All known chloroplast genomes are circular DNA molecules,
approximately 120-160 Kbp in size. They contain two
inverted repeat (IR) regions ranging from 6 to 76 Kbp in

length, each encoding duplicate copies of three rRNA
genes: 5S, 165, and 23S rRNA.
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Genome assembly data from marine and terrestrial species between 1996
and 2015 show that the number of reference genomes for marine species
is significantly lower than that for terrestrial species.
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Genomics Approach in Biodiversity
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The genome of an organism often contains multiple copies of
genes with similar sequences due to a shared evolutionary
origin, known as homologous genes.

*Orthologous genes: Homologous genes that arise from
speciation events between different species.

*Paralogous genes: Homologous genes that result from gene
duplication within the same genome.

Ortholog Conjecture

The difference in selective pressure is generally much smaller
between orthologs than between paralogs.

Orthologs are more likely to retain their original function, whereas
paralogs are more prone to functional divergence
(neofunctionalization).

Evolutionary divergence between paralogs is often asymmetric,
where one copy may undergo relaxed selection or a functional
shift.

Functional genomic annotation — Takes into account
the evolutionary origin of genes before assigning their
functions.

Whole genome sequencing — Enables the
identification of all members of a gene family, including
paralogs, which may be highly similar to one another.
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Genomics Approach in Biodiversity

Chromosome | Chromosome 2 Chromosome n Organellar DNA

Native genome

Soequencing &

pssembiy

Whole genome

(chromosome-scale Exonl Exon2 Exonl Exonl Exon2 Exond Exond

/complete) :

=
( Whole 'ego“f‘ﬁ Al — 44— sl -
ﬁaglllente ra - e— S— ! — £ s —
Exonl Exon2 Exon3 Exonl Exon2 Exon3  Exond 2 L
- v .
Transcriptome /\/\ANV 2 ] =
= i
] E
Reduced <2880870220222 300082200005 2300002222 2200008 00000 - B0ANE 22 20008 2202222222 J00E 220006 22200080 S2200202000052 300088 < 5
representation == D EED oEn EEED CEED GEEN oD s e e — | =

2

Barcode == oL e @ -

™

—_

o

Trends in Genetics

Co-funded by
the European Union

Theissinger et al. 2023



B

SustainaBlue

HEls stands for Higher Education Institutions

Genomics Approach in Biodiversity

« Genomics serves as the foundation for reconstructing
phylogenetic trees that reflect evolutionary relationships — a
process known as phylogenomics.
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Metagenomics

 Metagenomics (also known as environmental genomics) is
an approach used to analyze the combined DNA or RNA from
environmental samples that contain organisms which have
not been isolated or identified.

« Just as the total genetic content of an organism is referred to
as its genome, the total genetic content of all organisms
inhabiting a particular environment is known as the
metagenome.

I
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« Metagenomic analysis can be performed through DNA Marine DNA sequencing
sequencing to explore gene expression patterns within a sample
community of organisms in a given environment. Sediments

 Marine metagenomics is a promising approach for the
development of biotechnological industries (e.g., the O OO0
discovery of enzymes from marine microbial communities).

: o \ . genes &—— NRITEN .
Covering more than 70% of the Earth's surface, the ocean is = I 1 10
an immense reservoir of microbial biodiversity. Novel | pathways &— f Read assembly

I I I I ' I 11000 SRUAE N & 1
Marine microorganisms play a crucial role in marine food genomes 4 @ i

chains and in the global carbon and energy cycles.

Co-funded by
the European Union Kodzius & Gojobori 2015
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Metagenomics

Metagenomic Approaches:

1. Amplicon Sequencing — Relies on sequencing of
phylogenetic marker genes following PCR
amplification.
*Focuses on a single marker gene (e.g., 76S rRNA for
bacteria, ITS for fungi).
‘Uses PCR to amplify the marker gene, which is then
sequenced.

2. Shotgun Metagenomics Sequencing — Involves
sequencing all the DNA from organisms in a sample,
rather than targeting a specific marker gene.

*Does not focus on a single gene, but analyzes the
entire DNA content of the sample.

*Enables comprehensive analysis of taxonomic
composition, genetic functions, and metabolic
pathways.

Co-funded by
the European Union

Srinivas et al. 2022
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Metagenomics

Shotgun metagenomics is an untargeted method
used to identify taxonomic composition, genetic
functions, and to directly reconstruct the genomes of
organisms—including microorganisms that cannot be
cultured.

Shotgun Metagenomics Workflow:

1.Study design

2.Sample collection and DNA extraction
3.Sequencing and DNA library preparation
4 .Bioinformatics analysis
5.Post-processing and validation

Co-funded by
the European Union

Quince et al. 2017
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Metagenomic Approaches

Assembly-Based Profiling

Involves assembling sequencing reads into longer contigs and organizing
them into genomes, genes, or metabolic pathways.

Advantages:
*Enables reconstruction of complete genomes, including those of
unculturable microorganisms.
*Reveals novel metabolic pathways and unique biological functions.

«Can be used to build phylogenetic trees and conduct evolutionary studies.

Limitations:

*Requires high coverage and large amounts of sequencing data.
«Complexity increases with diverse microbial communities.

*May fail in highly complex communities or with low-quality data.

Co-funded by
the European Union  q,ince ot al. 2017
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Metagenomic Approaches

Read-Based Profiling

Involves directly analyzing raw sequencing reads without assembling them
into longer contigs. This approach maps reads against a reference
database.

Advantages:
Faster and more efficient, ideal for large-scale analyses or high-throughput
sample processing.
*Useful for preliminary screening, taxonomic surveys, or biodiversity
studies.

Limitations:
*Relies heavily on reference databases — limited in detecting organisms
with uncharacterized genomes.
Less informative for reconstructing complete metabolic pathways or novel
genomes.

Co-funded by
the European Union  q,ince ot al. 2017
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Metagenomic Approaches

Aspect

Assembly-based Analysis

Read-based Analysis (Mapping)

Comprehensivenes

Can reconstruct multiple complete genomes, but only
for organisms with sufficient sequencing coverage for
assembly and binning.

Provides aggregate insights into community structure or
function, but only based on the fraction of reads that map to the
reference database.

Community Complexity

In complex communities, only partial genomes may
be recovered through assembly.

Can handle communities of varying complexity, especially
when sequencing depth and reference coverage are sufficient.

Novelty

Can reconstruct genomes of entirely novel organisms
without known close relatives.

Cannot identify organisms whose genomes lack close relatives
in the reference database.

Computational Load

Requires intensive computation, including assembly,
mapping, and binning.

More efficient and scalable, suitable for large-scale
meta-analyses.

Genome-based Metabolism

Can link metabolic potential to phylogeny through
fully reconstructed genomes, even for novel diversity.

Typically resolves only aggregate metabolic functions of the
community; linking to phylogeny is limited to organisms with
available reference genomes.

Expert Manual Curation

Requires manual curation for binning, scaffolding,
and error detection during assembly.

Generally does not require manual curation, though reference
genome selection may require human oversight.

Integration with Microbial
Genomics

Assembled genomes can be integrated into
microbial genomics pipelines designed for
isolate-based genome analysis.

Profiles cannot be directly linked to pure-culture isolate
genomes.

Co-funded by
the European Union  q,ince ot al. 2017
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Genome

A

EXPLAINER VIDEOS

Metagenomics principles and
workflow

EMBO Practical Course: Microbial
Metagenomics: A 360° Approach

Co-funded by
the European Union https://lyoutu.be/RcYXTpNS_XU?si=3y5yoQxFpqePXLqV
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Transcriptomics

Transcriptomics is an approach used to study the
transcriptome, which refers to the complete set of RNA
molecules synthesized by a cell or tissue under specific
conditions.

RNA reflects the genes that are actively being expressed, S“e‘;‘:':t';‘r
providing insights into gene activity at particular times and

under specific circumstances.

Transcriptomics can be applied to investigate stress & . - :)2ﬁ4% =
responses in marine organisms (e.g., during the sampling kst S| SO S B AR ifferentially

t riptomic Expressed
process from the deep sea to the surface). P, ® Ge‘:\es
A study on the species Bathyacmaea lactea demonstrated
that sample collection without in situ fixation can lead to
significant biases in gene expression.
Perturbed
Enrichment life activities
analyses + Cell and tissue structure

+ Lysosomal activity
+ Fluad balance

Co-funded by
the European Union Yan et al. 2022
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Landscape Transcriptomics

Landscape Transcriptomics
Landscape transcriptomics is an emerging
approach that integrates:

1.Gene expression data (transcriptomics)

o® ey e oM L1 L] 2.Large-scale environmental data (ecological
o® W E landscape)
él:“:-"' o
Y I - The goal of landscape transcriptomics is to
f‘{j:‘iﬂ »&} IS L == understand how organisms respond to
W - - - -
W3 environmental changes—such as climate shifts,
pollution, habitat fragmentation, and other stressors.
(8) Tempoval scales of gene expression (b) Tissue specific responses
2 T3 Examples:
’ eSalmon: Transcriptomes are used to detect
Gl responses to temperature, salinity, or disease.
G3 *Coral reefs: Baseline gene expression is analyzed
liver G4 . . : :
& ? & G5 | to identify genes associated with heat tolerance.
G6 |
e Challenges in Landscape Transcriptomics
Temporal specificity: Gene expression can change
rapidly; precise time of sampling is critical.
M el et T *Tissue specificity: Different tissues express
i e Sormny @0 0 ... - Pwwwe different sets of genes, requiring careful sample
DPW’ OCCA L DPOO1 . . .
I_._‘ W P2 :,. [ : Gere8 0% [Pen?2 selection and interpretation.
oe

Co-funded by GeneA GeneB Pop 1 Pop 2

the European Union Keagy et al. 2022
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Single Cell Transcriptomics

A
8-channel microfluidics chip
0009 00e0) i
000;0:0000 "
0 0 0i0ive.0 0 reagents

.
b
.
e

.
Yo,
.
N
o

Barcoded primer L
Gel beads 999

7 ® & Single-cll

Gel beads in Emulsion

. r
Seurat
Microwells325355033 M
Wi 939305009 ==

onocle
O

sequencing pipelines Cell clustering

qst 2nd 3rd 4th

split @split@split@split
oL — @—»Q\,ﬂ—»@@
Co e =2 &= Uf.

Rotes ot d . 2007 ' \ Mt mn mmiy syeens w

oo Came . 0N

s
GavieCmps v o N0 -,«é Lmsiwn iy acnm,

(i, 200 | (I S SENIRE

Shng a1 . NN - “ Chnag ase agone £F mriry o

St Sodoe e ol . 'S

Ml v . DN . ’ L bovetee to A e
L L. A} 4. (3 78 v
Cell Namber s L0009

Co-funded by
the European Union

Li et al. 2022

T . apste.
B, 2R .
r % Ve
: 908 Pairwith | yse cell , Retrieve beads — = ] Flieatnne’
(@ 690209 Barcoded beads ) o| TNy
PRI 'OOOOOOOOO """"" > 3 ‘ . e e o —) % TR %
0”0
| 090 heads ; . . :
030303 \2)" | lllumina Bioinfomatics Integration &
(55-45) ‘ce 4 4
e

; T, 0w
Carv . 0¥ ' B L ]
.

scRNA-seq study
on marine organisms

Inferring regulatory networks

Cell type identification 1
+ 4
% Dimensionality * Nyt
« g reduction & s *
A+ +A clustering A
AA A > = LA
to +

Identifying
modules of ©
co-regulated genes 3
—

Component 2

Cell hierarchy reconstruction

Fate A Trajectory A
‘ Trajectory %
analysis =
@ —_— : Trajectory B
3
Fate B
 cce00@
Pseudotime
Pseudotime &
clustering
IEEss——

Single-cell RNA sequencing (scRNA-seq) is a technique that
enables the analysis of gene expression at the level of individual
cells, providing more detailed insights compared to conventional
RNA-seq, which only captures average expression across entire cell

populations.
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Single Cell

Transcriptomics

Co-funded by
the European Union

Low

Spatial resolution

None

organ/ tissue \

bulk RNA seq

single-cell RNA seq

.4%

Spatial
Transcriptomics

Cellular resolution

High

Steinheuer et al. 2021; Ospina et al. 2023; Yan et al. 2024

scRNA-seq

None

Advantages Disadvantages Applications
ch

Bulk

Single
cell

Spatial

- Provides an overall view
of gene expression in a
cell population.

- High throughput.

- Cost-efficient and suitable
for large-scale sample
analysis.

- Enables gene expression
analysis at the single-cell
level.

- Allows tumor heterogeneity
analysis.

- Identification of unique cell
types and rare cell
populations.

- Provides spatially localized
transcriptomic information.

- 10X spatial transcriptomics
technology offers higher
cellular resolution.

- High gene detection
capability with high
multiplexing.

- Only provides
average gene
expression profiles,
thus failing to capture
single-cell
heterogeneity.

- Does not provide
spatial information of
tissues.

- Higher cost.

- Limited sensitivity and
dependent on advanced
techniques.

- Does not provide spatial
tissue information.

- High cost and workflow
complexity.

- Relatively new
technology still under
development.

Transcriptome
profiling.

- Tumor diagnosis and
prognosis.

- Biomarker discovery,
identification of
functional genes, and
studies on large
sample cohorts.

- Analysis of tumor and
tissue heterogeneity.

- Identification of cell
types and evolutionary
transitions.

- Understanding immune
responses and tumor
microenvironment
characteristics.

- Spatial transcriptomics
analysis.

- Emerging technology for
tumor microdissection.

- Spatial biomarker
discovery.

- Optimization of
immunotherapy.
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in-solution proteolytic digestion

Proteomics f+++++++++++

* Proteomics is the study of all proteins (the proteome) within

an organism, including their variations due to % s - k omiiiond G s P
post-translational modifications (PTMs), protein-protein Pt SORH medlon Y =y '\\-’f\
interactions, and expression levels. _> : _> ——' o
Bottom-up proteomics is the most widely used primary . S peptide mixture
approach, in which proteins are digested into small peptides sample of interest e

and then analyzed using liquid chromatography and mass 2-D gel

spectrometry for protein identification and quantification.

MS/MS Fragmentation of Peptides

v E s » 3
- } G E 1 l p 1 ! A 1 E
g 'Q‘..‘.-.' w : ..... T332 33233 TTY L E : ‘Q
A bo el L datwbwsesearch (o © ] fp— ‘W
5 @® Spectrometric 6 A - .
* Sequencing S MS/ MS .
: . . : : mass spectrometry
Tryptic Peptides Collision Induced Dissociation E o G- Y i E (MS or LC*MS/ MS)
MS/MS mass spectrum oo pl’otein identiﬂcation E I I I ‘ E
VG r Precursorion : :
§ K azbz VGW wngK VG“'PAK l A .l....‘.l....;l ..... {...:...:
g Y, AK ‘3b3 G\AQPAK ¥s ¥s ¥3 Y2 ¥1
H vz PAK g T
2|k p «W,) 6 | by | _by| _bs| by _bs
3 1< A | € : R
Fragment ion masses m/

Co-funded by
the European Union Dupree et al. 2020
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Proteomics in Biodiversity Study ot ot PrOSeOIr s Sppeoact
| |
Aquatic Sources FEEEEEEEEEEEEEEEEEER)  Directed proteomics FISH WELLNESS R == J
5 g | FISH WELFARE & Feed development s s T
Environment Ecotoxicoproteomics D Ay Sy “
[ p—— BETTERMENT & management Protein separatics
Pollution Ecotoxicogenomics - e Soo i - Protein &
Toxics Environmental proteomics ‘ quantification and
Stress Multi-omics Effective and identification
Organisms Protein databases improved growth . Brood-stock Hatchery .
DNA Aquatic proteomes of fish in the | Top — Down proteomics
RNA Protein biomarkers _Cultare modium A l A
Proteins Marine medicines ll Harvesting Grow-out Nursery M‘“
Metabolomes Biosynthesis Spectroscopy
s _— Sustainable Aquaculture e e
| N A sy O
There are three main areas of proteomic | ‘ SR FOUD DALY Expressed Protein
. . . . * Frozen Pl steaks & Milets o Mty & gt & seitead
research in the context of biodiversity: Storage & « Conned products &= proaucre z f
*Aquaculture and fisheries: Assessing fish distribution R s o precessed saatinots - Bottom — Up proteomics
growth, stress, and health; developing efficient o
and environmentally friendly fish feed; ensuring | |
food safety; and more. Several proteomic techniques that can be used:
Environmental pollution monitoring and its - 2D-Gel Electrophoresis
effects on biodiversity. - LC-MS/MS . o
eldentification of marine natural products - Label-based (iTRAQ, TMT) and label-free quantification
and pharmaceuticals (natural compounds). - MALDI-TOF MS
Co-funded by A major challenge: the lack of a universal extraction protocol for all aquatic organisms.

the European Union Gamage et al. 2022
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Proteomics in Biodiversity Studies

TWO PROTEOMICS STRATEGIES @ >3 Q3

Dietary
Management

y

PROTEOMICS

STRATEGIES Fish
Welfare

and Stress

PROTEINS

2-DE -.';; O ®
Antibiotic — i
Resistance to evaluate Il
farming conditions M ,‘? PEPTIDES

in aquaculture

Tryptic
digestion

Food Safety

SEQUEST PEAKS

Co-funded by

the European Union Gamage et al. 2022

DISCOVERY PROTEOMICS

AEAAHQASL TR
X

<-----

<]

«©

>

e .
o
<

SMIM or PRM (60 min)

I 577.00.-01243

TARGETED PROTEOMICS

PROTEINS

Tryptic digestion
+ HIFU {2 min)

PEPTIDE
BIOMARKERS

ALAANQASLTR
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Proteomics in Biodiversity Studies
Proteomics Workflow

° Purification e Detection e Characterization

e 444
. szl — ‘@00DODOC!
| BEMUME *@09QOO000OK
| Tl sssessss:
S8 e | @BBOOOCOO
Chromatography-based * ELISA * Gel-based
tecl;gniqln)lhei * Western blotting approaches
¢ Protein e Mass spectrometry
microarray
Body o Sequence Analysis o Quantification o Structural Analysis
Lhoide
Sample Preparation l&y |

C terminal

¢ .
Fl .

Relative
intensity

’
L4
’

o Ll e g,

o ICAT

Edman ' :
s o :SILA( e X-ray
seq ng ¢ iTRAQ crystallography

e NNMR spectroscopy

Co-funded by
the European Union Gamage et al. 2022
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Metabolomics is the systematic study of
small metabolites in biological samples,

Metabolomics

Metabolomics

providing a direct snapshot of

biochemical activity within the body.

It can be used to develop novel

biomarkers.

Co-funded by
the European Union

Al-Sulaiti et al. 2023

Summary of metabolomics analysis workflow

@ Metabolite extraction Sample preparation Statistical analysis
from bi::ogicd & metabolomics analysis &biomarker discovery
samples

Blood ‘ =)
'y

Urine s [}l

Tissue MS analysis |
T
-, — © ® + @ .
Fecal ’ — . —-
lonization Separation
® =
& e
Metabolites .

CSF k _ Y

Potatywr abundance
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@ Mass spectrometry @ @
. TOF, Orbitrap, Q, IT =
lons separate -
(fly or oscillate)
N Mass spectrometer ~
according to their maz ‘ l

Time (AT)

i 11 _Ilj- i
Detactor vz
Chromatography-mass spectrometry

omwemlmmemlpemubaﬂmmwmung * At least four biological rephcates, preferably more « Separation methods, composition of the mobile phase,

« Control environment: harvesting at the same time and « Technical and analylic replicates are worthy ol column properties and injection volume

under the same conditions consideration * Motaboltes are within their range of detection
* Snap-freezing in hquid nitrogen * Randomization of samples throughout workflows * Avoid ion suppression: diution of extracts, sonication,
* Enzyme quenching: compietely terminate all enzyme 3 essential filtration or centnfugation, recovery test

activities * In large-scale studies, quality-control samples and * Choosing ionization source and type ol detection
* Standards spiked into the quenching solvent batch correction are essential mode, MS method, scan number and speed, MSMS
* Grinding, isolation of cells, fast-filtration or aspiration and enargy for fragmentation

Co-funded by
the European Union 5 (geekh et al. 2021
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Sequencing Principle

 An approach to determine the nucleotide
sequence in a DNA molecule.

It is used to understand genetic information, identify
genes and mutations, and support research in
medicine, forensics, evolution, and biotechnology.

L aege DNA mowca s

‘ PAFTEOLON

CATACACGTAGCTATACG

Axsarily of ; ; ‘

vpoey) B LTSRS s

jl{. um"'o (-l'— ':." - '— Q'L'..‘-‘- IJ‘- -‘.-' - ?l\q

it GCTATCAGGCTAGGTTACAGTGCATGC ATACACGTA a

LX) M

Co-funded by
the European Union

Adkar-Purushothama & Perreault 2020; Rupeika et al. 2024

NH, Adenine

=N Purines

o\\ /O B
/p\ | /L
3 (e}
0 N o
Thymine
/O (o] ymi
O~ NH
<p
/ 0 \(l\
O

Pyrimidines

~

Nitrogen base

4 Purin E n
\_
4 Pirimidin n a

\_ J

AN

\ J
s H A
1 bl . Pasangan basa:
< ¢
O /O S 0 N\Z/—ij """""""" H’N)\\f (?ﬂv
/,P\o/p N= >N _o-P=0
(@) @) 3 |
(@) H O
o\\P/ \ o
0 N ? """" H / O\P”O
Eﬁ”‘” ------- N o © Two hydrogen bonds
0 o N':‘< />—— N\d\s‘
il 3 N—H--O O
O—F?‘O H AN‘O\ /O
e i
| | | J [ |
V V V
Sugar phosphate Hydrogen bonds Sugar phosphate
backbone between backbone
! by ] Three hydrogen bonds
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Maxam-Gilbert Sequencing

Co-funded by
the European Union

4 )
Sampel Polynucleotide Alkaline
DNA kinase (P32) Phosphatas Piperidine
- 4
Chemical
: . [Reagents;
Dimethyl Formic Hydrazin | Hydrazine + NaCl
S&ulfat_e
i =

|

'\v

-
|
J

™
[ ]

V

Guanine | Guanine | Thymine Cytosine
|
+ | +
enine tosi
A9GrRe  PRiRSInG

Adkar-Purushothama & Perreault 2020; Rupeika et al. 2024

DNA is labeled at
one end with P-32

Base modification

Release of
reactive bases

Strand cleavage

O
z 3
W

a/’ ?‘rf\%fgf
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S TTTTTTITITITT ' =TT
1 5 B
5'-PACGTGGTCA-3'
| Alkaline Phosphatase Pipe}idin;\| |
!

menghilangkan fosfat

2 | S TTITTITITTIITIT S [ ] ] [ |
G A+G T+C C
5'-PACGT 5-PACGTG 5'-PACGTGG 5'-PACGTGGT

| Polynucleotide kinase /..

fosfat radioaktif (P32) 5-PAC  5'-PACGT 5-PACG 5'-PA
5-PAC 5-PA
3 6 eal |as| lest] ] Elektroforesis Gel
- o ¢ » Autoradiografi
- G
. . | = T
Radioactively labelled S "
l - G
Denaturasi dengan o !
* | CTITIIIIITNIT.  DMS0 padeaub e
90 menjadi ssDNA £ =

Co-funded by
the European Union Ungelenk 2021; Eren et al. 2022; Madhumitha et al. 2024
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Sanger Sequencing 4 Reaction Mixture R
Primer Template
Component 5 s 3 3'&&&“5- % i ~
4 ) ddNTPs DNA Polymerase I;I ” I
Template DNA Polymerase  dNTPs Primer ddTTP @ ddCTP @ == Capi ary ge
\_ AP @ ddoTP @ ) &’ ™= separation
[T & mr o e Do Gf DNA
|| fragments
\_ ( ) J 7~ 5 ~ Capillary gel
dideoksinukleotida (ddNTPs rimer =
| | | PP elongation
| | | Ty :
5 ¥ and chain 4
| | | .
@ | © | O | O e, termination Detection of
| | | fluorophores
ddATP | ddTTP | ddCT | ddGT 5 e —r & .
P emﬂ 3 —
dNTPs ddNTPs | - .
6 T —— 3 ;
Sequence analysis
6 T ——— Chiomatograph
\e o e 2.
_‘ - —€9 TERMINATIO

Co-funded by
the European Union

McGovern 2015; Katara et al. 2024; Nafea et al. 2024

Unable thlbind
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Next-Generation Sequencing

"{ASampIe extraction
(DNA or RNA)

i T ,,§ +e2e =N
il

_— Fragmentation

A «-»[ Cluster Growth\}
& Adapter Ligation .. J

Step 1: -
Brldge Amplification ] RF ®
'PCR
DNA » | :‘""',__ \/—’ RFRF @
Extraction Z
Step 2: l”” @ @]' 1}
. Y o
Library | ' ' =0 | ' ' -
Pr epar ation “Flow Cell | Dissociation | ke
Step 3:
SequenC'ng nucleotides
// 8 are detected
Step 4: /
Analysis r |
y Sequencing by Synthesis
(SBS) AGTACTCAGCATT

overlapping determines
the genome

Co-funded by
the European Union

Young & Gillung 2019; Rupeika et al. 2024

DNA fragments (+adapters)
attach to complementary
oligonucleotides on the flow

Th; reverse strand is
synthesized, then the
double-stranded DNA is

denatured. and the original
The DNA strands are amplified

through bridge amplification; the
strand folds, and its free end binds to
the nearest oligonucleotide, forming
a double-stranded bridge, which is

then denatured again.
After each amplification cycle, a laser

scans the flow cell to activate
fluorescent labels on the nucleotide

bases.

The light is detected by a computer,
and the overlapping bases will
determine the genome sequence.
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Marine Biotechnology

Principle
g © ® o
. * .
“ o -
v -

MARINE . .

LIVING L .
RESOURCES V= .

SERVICES
PRODUCTS
o1

BIOTECHNOLOGY
TOOLBOX

Co-funded by
the European Union ¢, (5 wiki 2016; Rotter et al. 2021

Bioremediation

Key Concepts

*Bioeconomy — the use of biological
resources for sustainable production
and energy.

Marine products — bioactive
compounds, enzymes, and polymers
produced by marine organisms hold
great potential for use in
pharmaceuticals, cosmetics, food
Ingredients, and more.

*Bioprospecting — the exploration of
marine organisms to discover

~"" compounds or genes with practical

value.
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Marine Biotechnology

Principle
Genomics
Societal needs and challenges
Knowledge co-design and co-creation WAWMMMMWNWV
Intellectual Property (IP) protection o n m ﬁf ﬂ W
____________________________________ [
Basic Applied Industrial
research research scale-up Connectivity
Ocean observation Cultivation/harvest - = Process and yield * Customer acceptance Invasives < Fisheries
Biodiversity studies Extraction, isolation, optimization * Market analysis . . I Qo .
Sequencing, profiling and characterization *  Sustainable sourcing * Business strategy Transcr|ptom|cs S O Metagenomlcs
Bioassays Lab-scale application * Sustainable supply * Legal aspects — - m '2
. " ;"'4' ’
=
) :
- -
Marine Biotechnology Workflow |

*Exploration and bioprospecting
eLaboratory testing

*Market need validation Adaptation
*Co-design and co-creation

*Public engagement

*Production scaling and commercialization

Pollution

Seascape

Management

Epigenomics

Co-funded by
the European Union ¢, (5 wiki 2016; Rotter et al. 2021
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Marine Biotechnology
Principle

1. Sampling at low tide " 2. Liquid biopsy 3. Multi-omics approach

in different ecosystems
A Metagenomics :
‘ Epigenomics

Glycomicsw l
¢

.’ﬁ Transcriptomics

4. Mussel responses to
challenging ecosystems

s o ngher Lower
| il glucosamine metabolism
| \ 7 levels
v, V
Hemolymphatic Hypomethylation Potentially
Cell pellet
plasma (ccfDNA) of mitochondrial pathogenic
DNA bacteria

Co-funded by
the European Union ¢, (5 wiki 2016; Rotter et al. 2021
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Microsatellite-based diversity detection

Capillary Electrophoresis
Polyacrylamide Gel Electrophoresis piiary P .

ACGGA CGA A

1 2 3
© @ @

© o © . © .  Biological samples /\/\ /\
vey T Y

_ . ol o ot >

o y time
DNAISOLATION | 1, specific primers capillary
1 | =
00 | 0 E— 0 migration direction b
00 1 E— [ 0 Linked locus | | AStBEtOE | |
0§ 0 0 E— 00 A
Q)
00 [ E— [ 0 2 v g’"
mEm HE 0 . N o N\ Q
= ), ®
00§ — 0
00 | O 0 — —/
source vial destination vial
5 00 0 — 0
0 1§ 0 0 0 MW
10 0 e 0 0 ol Ll N . T 1 Al AN MW | 2 3 4
00 I E—— 0 00 e hich
— 2 _ A.I\_AJ\_ g
00 0 e —— [ 0 | — X I\A p—
PCR (2/2) Restrictive synthesis ﬁ — —
ELECTROPHORESIS (e.g.. AmpliTaq Gold) - | == a [ p—
‘ MW low high —
Larger DNA = — —
= .
——— A —
@ ] p— —
Co-funded by 10 W

the European Union ;-4 et al. 2015; Marwal & Gaur 2020



)

SustainaBlue

DNA Barcoding Technology

2 in Species Identification

and Biodiversity Analysis
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Marine Biodiversity Exploration

1. Collect DNA from environment 2. Extract eDNA from sample
(e.g. water, soil, air)

Environmental sample eDNA in buffer

Vertebrates Invertebrates

Option 1: Targeted detection of a single species Option 2: Targeted community detection (DNA
(qPCR) metabarcoding)

Co-funded by
the European Union Nolan et al. 2024
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Marine Biodiversity Exploration

DNA barcoding is a method for identifying biological species using short, standardized
segments of genetic DNA. This approach relies on specific DNA sequences that are
conserved within a species but vary between species.

> i

Specimen collection Processing of tissue  DNA extraction  PCR amplification  DNA sequencing Data analysis and validation

Co-funded by
the European Union

Valentini et al. 2009; Suriya et al. 2020

é 2
Sampling
in the field
(soil, water, etc.)
& .
4 R
DNA
extraction
2 J
Y
( )
DNA amplification
with universal
primers
- J
/
High throughput
parallel
pyrosequencing
-
4 B, 4 i
Reference
database _» | Species identification
— - via DNA barcoding
& / . 5/
@ N
Species list
SO Species richness
3:::;;9;?: Simpson's index
P Shannon's index
efc.
- g

TRENDS in Ecology & Evolution
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SYSTEMS

Marine Biodiversity Exploration

Animals Cytochrome c oxidase * Located in mitochondrial DNA
subunit! (COI) (mMDNA)
» Standard marker for animal DNA
barcoding
Plants * Ribulose-1,5-biphosphate |* rbcL and matKare in the
carboxylase large subunit chloroplast DNA (cpDNA)
(rbcl) * rbcLis widely used for its broad
epe Ths s 8 legacy vemsion of BOLD Tha new version 4 of BOLD Systerrs [ avalabies st
* Maturase K (matK) utility across plant taxa.
* matK shows greater variation than
v S 5 = Public Data Portal = Barcode Index Numbers:
rbc L’ maklng It userI for SpeCIQS- ‘: A data retrieval interface that albwafmou) = A saarchable database of Barcoda Index
. o po . > searching over 1.7M public records in B N s d ence clusters th
level identification. — 5]/ 1 makiie search i bchding: ok o —dIIl
limited to, geography, taxonomy, and depository.
Fungi Internal transcribed spacer |Located between the 18S, 5.8S, and
(ITS) region 28S ribosomal RNA genes
Bacteria | 16S ribosomal RNA (16S Part of the bacterial ribosomal DNA. ek Lo T Pl 9 i
rRNA) ENS— - -
Display option: Tep20 B
Phytum Class Ovder Famlly Genus Species Subspecies Simitarity (%) Status
Arthropoda Insesta Diptera Drosophilidae Drosopha melanogaster 100 Psblished
Arthropodia Insecta Diptera Drosaphilidas Drosophile melanogasier 100 Published :
Arnthropoda Insecta Diptera Drosophilidae Drosophia melanogaster 100 Published
Co-funded by i s B e O e o e s G S P v

the European Union .- -dani et al. 2016
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Marine Biodiversity Exploration Large acale adiment sampling T ——
across marine environments > f edi s
globally during biodiversity surveys PRNSuRASE
D-Loop Small ribosomal RNA ! l
Large Extraction and photo-
ribosomal RNA vouchering of marine Amplification of

nematode specimens markers such as 185
rRNA or COI
ND1 l
DNA barcoding of vouchered

specimens based on 185 T _—

fRNA/COI ik
sequencing in NGS

ND2 platforms

N ..

Submission of DNA barcode and NGS

sequences to public databases and populating
databases with global coverage

Analysis of generated sequences using robust
com \ ATPase subunit8 bioinformatics platform

ATPasesubunité6 =

Elucidation of marine nematode
community structure

Co-funded by
the European Union Bhadury 2016
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How DNA Barcoding works ?

Similar in appearance w %A

_JAGUAR LEOPARD .
‘ @ &'1 e ""i“
Q eww f-' G Lo DNA Barcode

Unigue |dentdier

—

Co-funded by
the European Union  pyoq: /iy outu.be/HpRHIIbDF d82si=ESUBZ4tHCEF_bxb7
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03 DNA Barcoding in

Conservation, Fisheries,
and Bioprospecting
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Coral Microbiome Analysis as an Indicator of Coral Reef Health

Stressor Coral species ' Microbial response Source
Thermal Acropora muricata ' Shift towards Verrucomicrobiae- | Lee et al. (2015)
changes and a-Proteobacteria-dominated
| ' community
Pollution/ Orbicella faveolata, | Increase in bacterial diversity Morrow et al.
proximity to Porites astreoides, (2012); Klaus
shore Orbicella annularis et al. (2007)
Pathogens Diploria strigosa, Increase in a-Proteobacteria, Cardenas et. al.
Siderastrea siderea; decrease in - and (2012);
Orbicella faveolata y-proteobacteria; increase in Sunagawa et al.
. diversity and Rhodobacterales (2009)
Eutrophication ' Acropora hemprichii Increase in diversity Jessen et al.
(2013)
Salinity Fungia granulosa Increase in abundance of Rothig et al.
| Rhodobacteraceae | (2016)

Co-funded by
the European Union Roitman et al. 2020

The sensitivity of
microorganisms and their ability
to show clear changes in
community composition and
abundance in response to
specific stressors highlight their
potential as indicators of
changes in coral reef
ecosystems and coral host
health.
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Coral Microbiome Analysis as an Indicator of Coral Reef Health

a
a species” function
Y /—— —~— —~
g > |\ 0000 00
) f TEPTE - 1" Diverse, resilient '
.- Ecological function ,
o ecosystem
z )
-
-
&0 N NS R
=
=}
o
> | “
— . : 1 'Non-diverse, un-resilient '
.cological function ol
Biodiversity
b

a microbes’ function

> (A CKEEDN XK

' Healthy '
coral

Holobiont function

. il AVAVA i

Coral holobiont resilience

'

Holobiont function

Microbial diversity

Roitman et al. 2020

Rivet Hypothesis

Biodiversity within an ecosystem creates
redundancy and functional complementarity due
to the limited number of ecological niches
available.

Because of overlapping functions, ecosystems
rich in biodiversity tend to be more resilient to
change — the loss of one or two species will not
significantly impact the overall ecosystem.

The structure and function of microorganisms
in the coral holobiont can reflect the role of each
species in a highly diverse system.

The coral microbiome can also experience
environmental stress and respond to it — leading
to reduced diversity and decreased resilience of
the coral host.
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Coral Microbiome Analysis as an Indicator of Coral Reef Health
16S sequencing Metagenomics Metatranscriptomics Braaanaid Coral roed Open water
L Jl
“Who is there?” “What can they do?” “What are they doing?” | l
Sample type Coral Fish Marine microbiome Marine microbiome
‘ I
Nucleic acid
purification DNA RNA
16S [ T
region - ) 1 [
gh throughput : > . ;
sequencing Metagenomlc Metabarf,‘odlng Metatranscriptomic
\J
: Genomic Functional Taxonomic classification Community activity
DNA Ll DNA RNA analysis profiling - (bacteria, Gene expression
Population archae,symbiodiniaceae,
Advantages: Advantages: Advantages: genomics eukaryota, coral host)
Relatively inexpensive Assessment of entire holobiont Information on realized function,
Phylogenetic data Information on functional potential gene expression, response 10
changes . . .
Disadvantages: Disadvantages: Nsibiinil Various omics approaches and DNA barcoding can be
Low phylogenetic resolution Large amount of host genetic ; . . . . .
A g matedal oan SVAMD Microbi Relatively expensive used to analyze the biodiversity of coral microbiomes
microbial function sequences Still a developing field

as a strategy for identifying coral reef health.

Co-funded by
the European Union

Roitman et al. 2020; Belser et al. 2023
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Coral Microbiome Analysis as an Indicator of Coral Reef Health

A Multimarker Approach to Identify Microbial Bioindicators for Coral
Reef Health Monitoring—Case Study in La Réunion Island

Objectives
Pierre-Louis Stenger'( . Aline Tribollet®* © . Frangois Guilhaumon*® . Pascale Cuet® ™ . Gwenaelle Pennober®® . *To |dent|fy microbial bioindicators that can
Philippe Jourand( be used to monitor coral reef health.
Received: 3 October 2024 / Accepted: 11 January 2025 .TO anal_yze ml(‘?rOblaI Comrn_unltles
© The Author(s) 2025 (bacteria, fungi, algae, protists) from three

Abstract ecosystem compartments (seawater,

The marine microbiome arouses an increasing interest, aimed at better understanding coral reef biodiversity, coral resilience, Sed | ment, and CO ral ru bble) in La

and identifying bioindicators of ecosystem health. The present study is a microbiome mining of three environmentally con- z . .
trasted sites along the Hermitage fringing reef of La Réunion Island (Western Indian Ocean). This mining aims to identify Reu nion ISIand ’ | nd lan Ocean )

bioindicators of reef health to assist managers in preserving the fringing reefs of La Réunion. The watersheds of the fringing ¢ JO Uyse a multi-marker approach ( 1 68,
reefs are small, steeply sloped, and are impacted by human activities with significant land use changes and hydrological .
Eot SRR y e e ITS, 18S, tufA) and DNA metabarcoding

modifications along the coast and up to mid-altitudes. Sediment, seawater, and coral rubble were sampled in austral summer

and winter at each site. For each compartment, bacterial, fungal, microalgal, and protist communities were characterized analysis for microbiome characterization.
by high throughput DNA sequencing methodology. Results show that the reef microbiome composition varied greatly with

seasons and reef compartments, but variations were different among targeted markers. No significant variation among sites

was observed. Relevant bioindicators were highlighted per taxonomic groups such as the Firmicutes:Bacteroidota ratio

(8.4%:7.0%), the genera Vibrio (25.2%) and Photobacterium (12.5%) dominating bacteria; the Ascomycota:Basidiomycota . . ;

ratio (63.1%:36.1%), the genera Aspergillus (40.9%) and Cladosporium (16.2%) dominating fungi; the genus Ostreobium The coral microbiome playS an Impo rtant
(81.5%) in Chlorophyta taxon for microalgae; and the groups of Dinoflagellata (63.3%) and Diatomea (22.6%) within the i I il

protista comprising two dominant genera: Symbiodinium (41.7%) and Pelagodinium (27.8%). This study highlights that the rOIe In co ral re.S|.Star]C9 and resl Ile_n_CG -
identified bioindicators, mainly in seawater and sediment reef compartments, could be targeted by reef conservation stake- SE€IvesS as a bioindicator — sensitive to
holders to better monitor La Réunion Island's reef state of health and to improve management plans. environmental chan g es

Keywords Microbiome - Bioindicators - Fringing coral reef - La Réunion Island |t is not limited to baCteria, but also
includes fungi, algae, and protists.

Co-funded by
the European Union Stenger et al. 2025
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=" Seawater (SW)

Coral rubble (CO)

Sediment (SD)

Method

Samples were collected from three sites
(Toboggan, Copacabana, and
Livingstone) during two seasons
(summer and winter).

Three ecosystem compartments were
analyzed: seawater, sediment, and coral
rubble.

DNA was extracted and characterized
using specific genetic markers:

*16S rRNA for bacteria

ITS2 for fungi

*18S rRNA for protists

tufA for microalgae

Analysis was performed using the QIIME2
pipeline and Bayesian statistics to
identify Amplicon Sequence Variants
(ASVs) as specific indicators.
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Coral Microbiome Analysis as an Indicator of Coral Reef Health
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*The dominant bacterial communities across seasons and compartments were

Proteobacteria and Cyanobacteria.
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*A clear separation of microbial communities between seawater and sediment was

observed depending on the season.

*Potential bioindicators include Vibrio and Photobacterium.
*The Firmicutes-to-Bacteroidota ratio may also serve as an indicator of coral health.

Stenger et al. 2024
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Results

Fungal ASVs across seasons:

Summer: Aspergillus, Cladosporium

*Winter: Periconia, Simplicillium

Potential bioindicators:

Co-funded by *Aspergillus, Cladosporium, and the Ascomycota-to-Basidiomycota ratio

the European Union Stenger et al. 2024
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1
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*No significant ASV differences were found across conditions, compartments, or
seasons — indicating that the microalgal community is relatively stable under

varying conditions.



B

SustainaBlue

HEIs stan ds for Higher Education Institutions

Coral Microbiome Analysis as an Indicator of Coral Reef Health

3

o
~
w

0.50

0.25

o

-4

-

-

“

L) L ) L) L} L) L )

- s

| ‘

d ‘

. ‘

d ‘
;

S-CO S-SW S-SD W-CO W-SW W-SD

summer

g

3

0.75

0.50

0.25

Relative abundance in percent (JJ Relative abundance in percent >

0.00

J

|}
winter

Co-funded by
the European Union

Stenger et al. 2024

Phyla C phyla

Apicomplexa
Cercozoa

Clliophora

Diatomea
Dinoflageflata
Kathablepharidae
Labyrinthulomycetes
MAST12
Peronosporomycetes " o
Protalveolata 15 -10 0% Y
Retaria

00+

0 SO

h e - . WaW
W

Genera
Alexandrium
Cochlodinium "
Pelagodinium
Peridiniales
Prorocentrum

Pyramidodinium
Symbiodinium

Results

b

CO vs. SD

42 spocies
Py % 0105 & FC &Y

| L
-SD

SD vs. SW

Py <0085 AFC 13

Apicomplaxa ‘ Apicomplexa
f Salenidium_sp.

[ Gastrockrhus momiifar

Ciiophora | uncultured Hypotrichia clliate
l uncultured IN2411 cliate

r Navicufa s5p.1

Navicuia sp.2
Bacilariophycese
Nezscha sp.1

Nazschia 8p.2
Bacilariophyceae
Navicula sp.3
Cytndrotheca closfevium
Navicula sp 4
Suessiaceas sp.1
Susssiaceas sp.2
Suessiaceas 5p.3
Suessiaceae sp.4
uncullured Symbiodinium zooxanthellae
Symbilodinium sp.

Dincphyceae sp.1

Alexandrium

Dincphyta.

Pyramidedinium alrofuscum
Margalefidinium polyknikoides
Dincphyceas sp.2
Gymnodiniphycidae
Thraustochytrium
MAST-12A
Dinovorax pyrdformis

Diatomea -

Dinofiageilata -

MAST.12
Protaiveolata

B Summer
B Winter

2-10 1 2
log2FoidChange

Dominant group: Dinoflagellates — including Cochlodinium, Plagodinium, and

Symbiodinium
*Seasonal ASV variation:
e Summer: Diatomea, Margalefidinium

e Winter: Symbiodinium, Pyramidodinium
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National Geographic Education

Geographic Information System (GIS) is a
computer-based system used to capture, store, examine,
and display data that has a spatial reference on the Earth's
surface, such as geographic coordinates or addresses.

It enables the analysis and visualization of spatial patterns
and relationships between data that may initially seem
unrelated.

GIS data is organized in layers, allowing users to combine
and compare various types of information—such as
demographics, infrastructure, vegetation, or rivers—on a
single interactive map.

How GIS Works
Data input — from GPS, satellite imagery, surveys, or
digitized analog maps.
*Verification and integration — checking data quality and
ensuring consistent formats.
eSpatial analysis — calculating distances, detecting
spatial patterns, and identifying vulnerable areas.
*Output — interactive maps, analytical reports, and
multi-layer visualizations.
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Geographic Systems Evolution - Paper-Based Maps

The use of physical maps to represent environmental data.
Limitations: Not dynamic, cannot be updated quickly, and
typically used only by experts.

- Local Computer-Based GIS

Environmental data began to be collected and analyzed
using GIS software on standalone computers.

Data was still collected by official institutions (authoritative
sources).

Access remained limited to technical agencies.

- Web-Based GIS

_ | GIS became accessible via the internet.

S Ease to collect and use The general public could view the data, but could not yet

Web/mobiie
environmental

Paper map-based
environmental
information

Digital geographic
environmental
information

Ubiquitous
environmental
information

P maps
S ae g g contribute.
maps Moblle GIS for access . . . .
Manual analysis mapping of Active public Data access improved, but interaction was still one-way
environmental participation
poliutants SN (read-only).
N - Geospatial Web 2.0 / Participatory GIS

The Web 2.0 era enabled two-way interaction: the public

not only viewed but also contributed data (crowdsourcing).
This gave rise to the concept of VGI (Volunteered
Geographic Information).

GIS became participatory and collaborative.

Co-funded by
the European Union g, 4o qni-Niaraki et al. 2020
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Geographic Systems Evolution
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Web/mobiie
environmental
information

Static, interactive,
web maps

Moblle GIS for

mapping of
environmental

poliutants

Location-based
services

Ubiquitous
environmental
information

Mobile GIS

The development of smartphones equipped with sensors
(GPS, cameras) enables citizens to report directly from the
location of events.

Data is real-time and location-specific.

Ubiquitous GIS

GIS can be used anytime and anywhere (ubiquitous).
Technologies such as cloud computing, loT sensors, and
location-based services (LBS) support automatic and
continuous environmental monitoring and reporting.
Citizens become part of a distributed and active
environmental monitoring system.
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Ocean Remote Sensing
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Remote Sensing Systems in Marine Geographic Analysis
Passive Systems

*Rely on natural energy sources, such as sunlight or thermal
radiation from the Earth's surface.

*Do not emit their own signals.

*Can only operate during daylight hours.

*\Weather-sensitive.

Examples: Optical sensors (Landsat, Sentinel-2), thermal infrared
radiometer (TIR), microwave radiometer.

*Applications: Ocean color, sea surface temperature, monitoring of
marine vegetation and coral reefs.

Active Systems

*Generate and transmit their own electromagnetic signals, then
detect the reflected signals from Earth's objects.

*Operate both day and night, under all weather conditions.

*Suitable for areas with cloud cover or darkness.

Examples: SAR, LIDAR, Scatterometer, Altimeter, HF radar,
SONAR.

*Applications: Ship detection, ocean wave and current mapping, tide
and sea level monitoring, seafloor mapping (bathymetry).
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Combining GIS, Remote Sensing, and Omics
Omics (e.g., metagenomics) studies the DNA of entire

microbial communities without the need for isolation or
e = W i culturing. When combined with spatial data from GIS,
Y e researchers can:
il / / T Ildentify where specific organisms thrive.
Sesiss e gigiua g *Analyze how organisms respond to environmental
Satellite image data “ - ,, Genes changes (e.g., sea temperature, pollution, salinity).
/ """ / *Gain critical insight into the role of biodiversity in

. biogeochemical cycles, such as the carbon and nitrogen
Underlying geographic space LG RIOaeIE SN0 CyCIeS

nstp fwrww. gis comfwhatisgisfwhyusegis heml

Applications in Marine Resource Management

GIS maps and monitors the physical conditions of marine habitats (e.g., coral reefs, seagrass beds,
seafloor), while omics provides in-depth biological data (e.g., microbial types, enzyme activity,
pathogenic potential). This integration enables:

*Monitoring ecosystem health.

-Data-driven, integrative conservation planning.

Co-funded by
the European Union
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The integration of omics and GIS is a powerful modern
approach for:

‘Understanding the roles of organisms within ecosystems
Sustainably managing marine resources

*Predicting the impact of environmental changes on
microbial life—and vice versa

This approach combines the strengths of molecular biology,
geospatial analysis, and artificial intelligence to support
environmental science and conservation policy.

Co-funded by
the European Union
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