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What is `Single Cell Genomics´ 

Genomic technologies are applied at the level of single cells, rather than at the level 

of an entire cell population 



Single Cell Genomics in a few data 

• A growing field since 2007 

• >350 papers (>25 

Science/Nature/Cell/PNAS) 

• Microbiology, Genomics, Cancer, 

Biotechnology, Stem Cells, etc… 

 

You can do it by yourself 



Microbial 

 Ecology 

Cancer 

Biotechnology and  

many more topics 

Applying single cell technologies to… 



C Rinke et al. Nature 2013, 1-7 (2013) doi:10.1038/nature12352 

Novel metabolic features found in the SAG data set. 



1.“Everything starts with just a single cell” 

 

 Fluorescence Activated Cell Sorting vs Microfluidics 



Sorting 

The droplet 



Programmable microfluidic reaction array.  

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

©2012 by National Academy of Sciences  



2. (So far), whole genome amplification is needed 

 

2 weeks ago: removing  

MDA bias 

Direct DNA sequencing of single cells 

vs whole community  with nanopores 



Very even coverage: problem solved 



Doing Single Cell Sequencing… we: 

 

1) Discovered widespread planktonic Verrucomicrobia as key active polysaccharide 

degraders in the microbial loop (Martínez-Garcia et al., 2012, PLoS ONE) 

 
 

2) Identified predominant photoheterotrophs and chemoautotrophs in freshwater 

     bacterioplankton (Martínez-García et al., 2012, ISME J) 

 

 
3) Unveiled the ecological interaction between protist and bacteria in natural  

assemblages: predation and symbiosis (Martínez-García et al., 2012, ISME J) 

 

4) Assign virus to host in natural uncultured assemblages: one at a time 

    (Martínez-García and Santos et al., under review)  
  

 

 

 

 
 

Four different stories with the 

same root: single cell sequencing 

Í m a single cell in a 

world of single cells! 

What the hell I am? 



PART 1 

 

Single Cell Genomics suggests Verrucomicrobia as key 

polysaccharide degraders in planktonic ecosystems 

Looking at the function of  
an enigmatic group 



1) Hydrolysis of polymers (polysaccharides, peptides and lipids) is a bottleneck in 

      DOM mineralization in the microbial loop 

 

2) Studies have focused in the identification of bacteria involved in labile-DOM  

    remineralization (i.e. glucose and aa) 
 

3) Two papers on the identification of bacteria involved HMW-DOM remineralization 

     (chitin and EPS) by Microautoradiography+FISH 

 

Cottrell and Kirchman, 2003 

Bacteroidetes 



Relevance of polysaccharides in marine systems 

15% of POC 

 

32% of HMW-DOM 

 

50% of total phytoplankton primary production 



5-15 billion metric tons of the LAMINARIN, 

one of the most common storage 

polysaccharides, are produced annually by 

algae and phytoplankton  

XYLAN is a major polysaccharide 

hemicellulose produced by plants and 

algae (2nd most abundant glucan)  

Major polysaccharide in 

freshwater, soils, estuaries, 

and coastal areas 

Major polysaccharide in marine and 

freshwater systems 

Identify marine and freshwater bacterioplankton involved in the degradation of these  

two major polysaccharides in aquatic environments 

Maine goal of the project 

It has been demonstrated the bacterial hydrolysis 



polysaccharide 

Oligosaccharide or 

disaccharide (max. 600 Da) 

Fluorescent tag 

Fluorescent tag 

Fluorescence 

detected in single cells 

by flow cytometry after incubation 

Glycosyl hydrolase 

Samples incubated with fluorescently labeled laminarin and xylan 



Optimization of the experiment 



Samples incubated with fluorescently labeled laminarin and xylan 

Key result: 

Verrucomicrobia 

comprises 40-97% of 

total positive-labeled 

SAGs  

Control water not amended with  

polysaccharides 

2000-5400 bacteria mL-1 

involved in laminarin and 
xylan degradation 



Key result: 

Verrucomicrobia is also 

active within the 

Bacterioplankton 



Phylogenetic tree of positive-labelled Verrucomicrobia SAGs  

Widespread 

planktonic 

group 

Widespread 

planktonic 

group 



Phylogenetic tree of positive-labelled SAGs belonging to other groups  



GeoBLAST 

Sequencing an uncultured  

 widespread coastal cluster 



Sequencing SAGs by PacBio and Illumina… 

Estimated recovery:  88% for SAG AAA168-F10 



Whole genome sequencing of the most predominant SAG phylotype 

Glycoside hydrolysis is not 

a function of genome size 



Genomic comparison among sequenced SAGs 



 Role of Verrucomicrobia SAG in polysaccharide degradation 

3062 analyzed genomes 



Going deeper in the potential polysaccharide degradation role… 



This verrucomicrobia is potentially involved in other biopolymer degradation 



 

 

Conclusions:  

 
1) Widespread planktonic Verrucomicrobia clusters with no prior knowledge 

on their ecological role contain putative laminarin and xylan degrading 

specialists that locally dominate this ecological niche –along with other 

bacterial groups- in marine and freshwater systems.  

 
 

2) Single cell sequencing and comparative genomics suggest 

Verrucomicrobia as a major polysaccharide degrader in fresh and marine 

bacterioplankton  



PART 2 

Unveil the ecological interaction between protists and bacteria in 

natural assemblages: predation and symbiosis  



“Very cool“ image showing the interaction between MAST-4 
and bacteria 

However, identification of both the protistan grazer and the bacterial prey 

has been shown only in the lab and never in natural assemblages 

free bacteria 

protists 

bacteria ingested 
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Main goal of the project 



BACTERIA 

PROTIST 

Modified from Jurgens and Matz, 2002 

FREE BACTERIA 

Lysotracker: stain food vacuoles 



1. Sort protists  

      actively grazing  

2. Identify protists by 

     18S rRNA gene 

3. Identify the bacterial 

    prey by 16S rRNA gene 

1. Sort free bacterioplankton 

2. Identify the free bacterioplankton 

comparison 

Dock sample 



Targeting protists actively grazing 

 on bacterioplankton 

Lysotracker (food vacuoles) 

 green fluorescence Two protist populations 



Targeting free-living bacterioplankton 

Bacterial prey 

in mixotrophic protists 

Comparing free-living bacterioplankton and putative bacterial preys 

Free-living bacterioplankton 

Bacterial prey 

in heterotrophic protists 

α selectivity index for  

predator food preference (Gammaproteobacteria)=0.8 



Protists (18S rRNA gene) Bacteria (16S rRNA gene) 

Linking both the identity of the prey and the predator 

Number of SAGs with identical 

16S rRNA gene in the  

bacterioplankton 



Steele et al. 2011 

SAR 11 (Pelagibacter ubique) is highly connected with MAST groups in coastal areas 

Negative correlation indicates likely predation 



New way to identify putative symbionts and hosts 

Protists (18S rRNA gene) Bacteria (16S rRNA gene) 



Conclusions: 

 

1) The most abundant marine protist group (MAST-4) putatively 

grazing on the ubiquitous Pelagibacter ubique!! 

 

2) Revealed the identity of protists grazing on widespread marine 

Bacteroidetes and Actinobacteria 

 

3) Gammaproteobacteria as preferred prey in mixotrophic protists 

   

4) Discovered new putative symbionts in Cercozoa and Crysophyta 

groups  

PART 2 

Unveiled the ecological interaction between protists and bacteria in 

natural assemblages: predation and symbiosis  



Part 3 

 Assign virus to host in natural uncultured assemblages: one at a time 

 
Manuel Martínez-García*, Fernando Santos*, Mercedes Moreno-Paz, Víctor Parro, and Josefa Antón 

*equally contribution 



Who is that small “guy”……..and what about the “big boy/girl” 

Easy when you can culture  the pair…. 



Combining Single Cell genomics and Microarray technology: a new approach to 

Assign virus to host in uncultured natural assemblages 



52 nanohaloarchaeon SAGs from Single Cell Sequencing (CR30) 

Infected SAGs: positive in  

the microarray 



Sequencing both the host and the virus 



Assembly of virus cloned in fosmid 

 

Mapping reads from the single nanohaloarchaeon cell onto the cloned virus  

99% mapped 

Most viral ORFs were related to ORFs from García-

Heredia et. (2011) al and Santos et al. (2010,2011) 



Virus NHV-1: two quasispecies 



Virus NHV-1 is a “common” virus (is not that weird…) 



Recruitment of virus NHV-1 against a 454 metavirome from CR30 



Dinucleotide frequencies PCA plot: validating our hypothesis of assignment 



Genomic comparison: SAG AB578-D14 vs Nanosalinarum 

SAG AB578-D14 



Most HP from SAG AB578-D14 (nanohaloarchaeon host) present in metagenome  

Metagenomic data from Ghai et al., 2011 



Thanks to… 
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Vladimir Minim 
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