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1.  



From…http://microbialdarkmatter.org/ 

≈80 % of the mass of the universe is made up of material that scientist cannot directly observe=Dark matter 

What is `microbial dark matter´ and why is important 
 



≈99%  
of microbes in 

nature are 
UNKNOWN 

WE DO NOT KNOW 
WHO WE ARE!! 

What is `microbial dark matter´ and why is important 
 



Louis Pasteur 

Robert Koch 

Culture medium for growing microbes: a brilliant idea in Microbiology (that… 
…has biased our view of microbes for many years) 

What is `microbial dark matter´ and why is important 
 



What is `microbial dark matter´ and why is important 
 

Counting 200 microorganisms in 0,1 ml of sample:  
2000 microorganisms/mL in natural sample 

Counting 2 CFU in 0,1 ml of sample  
20 microorganisms/mL in natural sample 

GREAT COUNT PLATE ANOMALY, 1985 

What is the right data? 
 

Culture Direct observation 



What is `microbial dark matter´ and why is important 
 

Unfortunately, nowadays we know that most microbes cannot be cultured in the lab 
 

The Reality 
(microbial 
dark matter) 

Our “reality 
with the Culturing view” 
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Huge microbial diversity out there to be discovered… 
Far from understanding the “whole picture” of bacteria: 
role, metabolism, physiology, biological interactions, role in 
diseases, etc…etc…etc…  

Branches (in black) with some 
 cultured representatives 

What is `microbial dark matter´ and why is important 
 Sequencing the 16S rRNA gene 

Taxonomic marker of prokaryotes 



Kubinak et al. 2012 

VIRUSES SHAPE EVERY CELL OF THIS WORLD 

What about Viruses in nature?. Key players in… 
What is `microbial dark matter´ and why is important 

 



Microbial Diversity and Function         What remain to be answered? 

(almost)  EVERYTHING 



A few things we know about viruses in deep subsurface 



3.15 Km deep fracture water of the 
Kaapvaal Craton, South Africa  

low microbial abundance (8000 cells mL−1), 
elevated pH (8–9) 
temperature (48–49°C) 
high reductive potential (340–370 mV)  



2. New approaches to unveil the `microbial dark 
matter´: single cell and virus genomics 



99% OF PROKARYOTES DO NOT GROW 
IN CULTURE 

METAGENOMICS 

Recovering the genetic information of microbes 

CULTURE 

POWERFUL APPROACH TO GET THAT 
99% OF UNKNOWN GENETIC 

INFORMATION 

BUT DATA IS LARGELY FRAGMENTED INTO 
SMALL PIECES AND HAS TO BE 
RECOMPOSED (GENOME ASSEMBLY…ETC…) 

New approaches to unveil the `microbial dark matter´: single cell and virus genomics 

sample 

SINGLE CELL AND  
VIRUS GENOMICS 



METAGENOMICS 

Sample 

New approaches to unveil the `microbial dark matter´: single cell and virus genomics 



Single Cell Genomics 

What is Single Cell Technologies?: experimental approaches (Genomics, 
Proteomics, etc…) applied at the level of single cells, rather than at the level of an 
entire cell population 

New approaches to unveil the `microbial dark matter´: single cell and virus genomics 



 
Investigation of clonal diversity in cancer: are all cells genetically identical in a tumour? 
 

 
 

 
Role of genetic mosaicism in the biology of multicellular organisms: chimera 
 
 
 
 
Genomic variation in gamete and embryos 
 
 
 
 
 

Just some examples!!!!… 

Single cell genomics, a bloom in Science in all fields!!!!! 

New approaches to unveil the `microbial dark matter´: single cell and virus genomics 



Everything starts with just a single cell 
 

 Fluorescence Activated Cell Sorting 

Leung K et al. PNAS 2012;109:7665-7670 

VS  Micro- and Nano-fluidics 

New approaches to unveil the `microbial dark matter´: single cell and virus genomics 

Zhang et al. 2015 



(So far) Whole genome amplification (WGA) is needed 

Removing MDA bias 

Direct DNA sequencing of 
single cells vs whole 
community  with nanopores 

MDA amplification video 

-MDA (sensiphi) 
-MDA+PrimPol 
-MIDAS 
-MALBAC 
-PicoPLEX 
-DOE-PCR 
 

WGA Methods: 

eWGA  

http://www.youtube.com/watch?v=CaFq9cnfTZI


Just some examples… 

Single Cell Genomics in Aquatic Environments 

MAST4 



Bacterial Single Cell Genomics in Human 

45 uncultured `bacterial species´, out of 100 most wanted taxa from the Human Microbiome, 
have been sequenced through Single Cell Genomics 

New approaches to unveil the `microbial dark matter´: single cell and virus genomics 



Some of my contributions to Single cell Genomics in Aquatic Environments 

3. Single Virus Genomics: deciphering the genome of 
new, uncultured viruses 
 

Can we unveil the genome from just a single virus particle separated 
from biological samples? 

On-going projects in the lab 



NGS of genetic material extracted from a single viral particle directly sorted out from 
the sample without the need of culturing the host nor the virus 

Rationale of Single Virus Genomics (SVG) The most widespread and abundant viral 
populations in nature lack cultured representative!! (Brum et al., 2015; Science) 
SVG is a new way to deliver reference genomes of these predominant viruses 

3. Deciphering the genome of new, uncultured viruses: Single Virus Genomics 



Single virus Genomics 

=Metagenomics+Single Cell Genomics 

Deciphering the genome of new, uncultured viruses 



1 
• Set up and optimization of the 

multidisciplinary technology to perform SVG 
in natural biological samples 

2 
 

• NGS of uncultured reference viruses from 
aqutic and human (micro-) environments 
by SVG 

AIMS OF OUR PROJECT… 



Dr. Oscar Fornas 

me… 

Influx (BD) 
“State of the art” 

Mónica Lluesma (Assistant Researcher) 

Mª Jose de la Cruz 

Blanes Microbiological Observatory (oligotrophic) 
 Playa de la Barceloneta 

Francisco Martinez (PhD student) 



Muestra 

2. Sorting of single viruses by flow 
cytometry 

virus 

3. “Lysis” of the capsid and whole  
genome amplification 

1 virus in each well 

4. Pre-screening of viral genes and NGS 
of viral genomes 

2 

3 

Modificado de Allen et al. 2011 

1. SYBRGold staining 1 

4 



Sorting of single viruses by flow cytometry 

Blank 

Viruses stained with SYBR Gold 

Fluorescence microscopy of viral sample before entering in the Influx 
viruses 

Unstained viruses 

Viral sample (0.22 um pre-filtered) 



Putative positive viral fraction stained 
with SYBRGold 

Putative negative fraction 
(noise or unstained viruses) 300000 events 

no virus, only noise 

Super-Resolution and confocal Microscopy of sorted viruses 

500000 sorted viruses 



Sorting of a single virus:  STED Microscopy 

QC that sortig of single viruses is feasible and reliable 
                      

         Leica TCS SP5 STED (CRG, Barcelona) 



Positive control (n=4) 

Negative controls (n=44) 

Real time amplification of genetic material from single viruses (real time MDA)  

≈15-55% single viruses were whole genome 
amplified 

Clingenpeel et al. 2015 

sorting 

1 virus/well 

>12 Kpb 

No contamination with bacteria 
(no amplification for gen rRNA 16S ) 



Virus 17_C23 (78637 bp)     Closest virus in Genbank:  an uncultured Mediterranean phage 

Genome size 11-78 Kbp (in the typical range size for marine viruses) 
GC 35.5%  15 new viral genomes 

Best BLAST hit  
(Percentage identity mean= 41%) 

n=106 ORFs 



Virus 37_L15 (16820 bp)  Closest virus in Genbank:  Uncultured marine virus isolate CBSM-298 

Metagenomic comparison  

Viral genomes recovered by single virus genomics are present in the metagenome 



Conclusiones 
 

 1. Technology for recovering the genetic information from uncultured single viruses has  
been set up and can be applied virtually to any kind of biological sample 
 
2. This approach opens a new way to explore the genetic information of viruses with 
Potential application in Public Health (new emergent viruses) and 
Environmental Sciences, such us Deep Subsurface. NO NEED OF LITERS OF WATER   
 
3. 400 new uncultured single viruses have been obtained by this approach bypassing 
culturing biases 
 
4. So far, a total of 15 new, uncultured viruses have been sequenced 
 
5. Genome annotation confirms that the obtained WGA material is indeed from viruses 
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