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Future -omics developments



Where do we want to be?

Points to work
• An aging population mainly in Europe/USA - HEALTH
• Consumption continuously increasing/waste production - ENVIRONMENTAL DEGRADATION
• Exhaustive use of natural sources - RESOURCES
• Huge differences in food access/poverty rates –LIMITED ACCESS 

Where do we stand?



Exploration of the marine environment

Support biomass production and processing

Contribute to product innovation and
differentiation

Enabling technologies and infrastructure
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Providing policy support and stimulation

ERA-NET MBT



Described land species ~ 1.5 million (85%)

Described marine species ~ 250,000 

There are more phyla and classes in the oceans (of 33 animal phyla, 21 exclusively  marine, 
only 1 terrestrial)

MARINE ORGANISMS

The exploration of marine ecosystems has only began in the mid 1970
Mar. Drugs 2014, 12, 1066-1101; doi:10.3390/md12021066 

Biodiversity 

TYPE OF ECOSYSTEM

 Deep sea 

 Cold coral reefs  

 Seamounts 

 Pelagic ecosystems 

 Coastal waters 

 Intertidal ecosystems 

 Estuaries

TYPE OF ORGANISM

 Plankton

 Nekton

 Benthos

TYPE OF TROPHIC RELATIONSHIP

 Autotrophs

 Heterotrophs

TYPE OF ZONATION

 Neritic

 Epipelagic

 Photic

 Mesopelagic

 Bathypelagic

 Aphotic

 Abyssopelagic

 Hadal



GENOMICS

TRANSCRIPTOMICS

PROTEOMICS

METABOLOMICS

PHENOTYPE

ENVIRONMENT

OMICS TECHNOLOGIES



 GENOMICS
• RADseq, SNP genotyping, Sequencing of mitogenomes, WGS, TSC

MARINE –OMICS APPLICATIONS

• HABs are present in nearly all aquatic environments as naturally occurring phenomena

• More than 1/3 of Reef building corals threatened with extinction

PNAS | January 22, 2013 | vol. 110 | no. 4 | 1387–1392



MARINE –OMICS APPLICATIONS

Proteomics for the authentication of fish species
Journal of Proteomics, Volume 147, 2016, 119–124

 PROTEOMICS
• Existing methodological limitations
• Non-model organisms
• Lack of the proteomes of species 

commonly used in aquaculture



MARINE –OMICS in DRUG DISCOVERY

Challenging issue for metabolomics analysis of marine organisms is the high number of 
compounds with unknown structures



INTEGRATIVE OMICS 

GENOMICS

TRANSCRIPTOMICS

PROTEOMICS

METABOLOMICS

PHENOTYPE
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DNA- protein, protein-protein and protein-ligand interactions



INTEGRATIVE OMICS

1+1>2
Systems biology is based on the 
understanding that the whole is 
greater than the sum of the parts

Statistical Correlation of 
Heterogeneous  Data

• Detection of hidden features
• Explore new dimension of data 

space

Current Opinion in Plant Biology 2016, 30:57–61
PROPER DESIGN OF EXPERIMENTS



A success story of the correlation of heterogeneous data 

CASE STUDY



Steve Blank, 2013, University of California

DISCOVERY OF NOVEL NATURAL PRODUCTS

Drug discovery pipeline:

 Pure Compounds
 Compound Libraries
 High Throughput Computer Automated Screening

t=0



DISCOVERY OF NOVEL NATURAL PRODUCTS
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How –omics tools can accelerate our efforts from research bench to new products of natural 
origin?

DISCOVERY ACCELARATION

Dereplication methods have been emerged aiming to rationalize the entire discovery process
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Biological evaluation 

Skip the classical pipeline In vitro 
evaluation

NMR Profiling

HeteroCovarience
Approach



HeteroCovariance Approach

Spectroscopic Features (NMR)



HeteroCovariance Approach (HetCA)



HetCA TOOLBOX

• Statistical HeterospectroscopY
(SHY, NMR – MS)

• Statistical Total Correlation 
Spectroscopy 

(STOCSY, NMR-NMR)

• Hetero Covariance Approach
(HetCA, Spectr. Features – Activity)
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oxyresveratrol 

2,4,3´-trihydroxydihydrostilbene 

total extract 1D 1H NMR spectrum

total extract 1D 1H NMR spectrum

Low Concentration Active Ingredient
<1% of the total extract

High Concentration Active Ingredient

HetCA TOOLBOX

HetCA unmasks minor compounds with major activity from 
complex mixtures!



HetCA TOOLBOX

• Create an Artificial Variance

• Statistical correlation of heterogeneous data 

• The same spectral data can be utilized for 
screening against any possible pharmacological 
target or any other dose dependent property on 
the basis of the HeteroCovariance Approach 

• This highly innovative activity-based-metabolite-
profiling approach can dramatically accelerate 
the discovery of active natural products
challenging global biodiversity and 
chemodiversity

Aligiannis et al., ChemistrySelect 2016; 1(10): 2531–2535



Tools And Strategies to access original bioactive compounds from 

Cultivation of MARine invertebrates and associated symbionts

Coordinator; CNRS 

Budget: 6.7 Million euros
13 partners (100 researchers), among which 6 industrials 

Project duration: 4 years starting the 1st April 2015 
Participating countries: France, Greece, Israel, Germany, Italy, Spain, Sweden, Thailand



AVAILABLE TOOLS

We have the tools
• Advance analytical techniques (NMR, uHPLC-HRMS, bioautographic HPTLC, etc)

• Compound Libraries
 Lack of NMR spectra
 MS annotations
 Non user-friendly

• Bioinformatics - “Big Data Era”

GitHub



FUTURE PROPOSAL

 Smart connection of Heterogeneous Data

 Interdisciplinary Collaborations

 Fast Productive Solutions

Current Opinion in Biotechnology, Volume 42, 2016, 13–23

• Only 8 Drugs of marine origin have been approved by 
FDA and EMA in ca. 40 years



Thank you for your attention


