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1. What is the microbial dark matter” and why
IS Important?

2. New approaches to unveil the microbial
dark matter’: Single Cell and Virus Genomics

3. Deciphering the genome of new, uncultured
viruses



1. What is ‘microbial dark matter” and why is important



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




nature are
UNKNOWN
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MEASUREMENT OF IN SITU
ACTIVITIES OF
NONPHOTOSYNTHETIC
MICROORGANISMS IN AQUATIC
AND TERRESTRIAL HABITATS

Counting 200 microorganisms in 0,1 ml of sample: Counting 2 CFU in 0,1 ml of sample

What is the right data?




Proporcion de procariotas cultivables

Habitat Cultivables/Totales (%)

Aguas marinas 0.001-0.1
Aguas continentales 0.25
Lagos mesotroficos 0.1-1
Estuarios no contaminados 0.1-3
Lodos activos 1-15
Sedimentos 0.25
Suelos 0.3
Tracto gastrointestinal 10-50

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

Amann and Scheiffer, 1985
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Sequencing the 16S rRNA gene
qTaxonomic marker of prokaryotes
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Far from understanding the “whole picture” of bacteria:
role, metabolism, physiology, biological interactions, role in
diseases. etc...etc...etc...



Emerging view of the human virome

KRISTINE M. WYLIE, GEORGE M. WEINSTOCK, and GREGORY A. STORCH
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VIRUSES SHAPE EVERY CELL OF THIS WORLD
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Deep subsurface microbiology: a guide to the research
topic papers

Andreas Teske '*, Jennifer F Biddle®, Virginia P Edgecomb?® and Axel Schippers?
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Table 1 | Summary of previous work on viral abundance, activity, and diversity in various environments of the deep subsurface biosphere, deep

ocean, and sediments.

Environment

Work on viruses to date

Reference

Surface marine
sediments

High viral production in benthic ecosystems:jmay be responsible for up to 80% of cell

Deep sediments

mortality, thus releasing large amounts of carbon through the “viral shunt.” Viral diversity
in sediments is fairly high, and showed a higher incidence of lysogenic than lytic phages

Viral and bacterial abundance and production decrease exponentially with depthlin

Deep basalt
Deep granitic
groundwater

sediments, up to 96 mbsf

Mitomycin C experiments revealed that 46% of isolates contained inducible prophage
MNone known

Viruses are present and correlated with bactenial abundance (ratio of ~10:1), similar to

many surface environments

Uituse tlow
hydrothermal fluid

Lysogenyfappears to be a domingnt lifestvle among vent viruses; viruses in diffuse flow

Lold seeps/methane
hydrates

Deep-water column

are capable of infecting a vide range of hosts|across domains and thermal regimes

Viral activity and abundance vary among seeps, with a virus to prokaryote ratio ranging
betweenlrelatively low (=0.1) to relatively high [55.36}|
Viral abundance generally tracks bactenal abundance, but the virus:cell ratio at depth

varies. In some areas, the ratio increases with depth

Metagenomic work characterizing viral diversity found most viral sequences had
matches to bacteriophages in the Fodo-, Sipho-, and Myowiridae, with a few hits to
eukaryotic sequences
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Is the genetic landscape of the deep subsurface biosphere

affected by viruses?
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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)

Single cell genomics indicates
horizontal gene transfer and viral p =5 Phans regiibalion
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2. New approaches to unveil the "microbial dark
matter’: single cell and virus genomics



99% OF PROKARYOTES DO NOT GROW
IN CULTURE

‘THE HUMAMN MICROBIOME PROJECT SA¥s THE HUMAN BODY
HAS 100 TRILLION MICROSCOPIC L1FE FORMS LIVING IN IT.

POWERFUL APPROACH TO GET THAT
99% OF UNKNOWN GENETIC
INFORMATION

l

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




in cancer: are all cells genetically identical in a tumour?

Ma 5452

LETTER Genome Biology

Tumour evolution inferred by single-cell sequencing

doi:10. 1038/ nature09807

Cancer genomics: one cell at a time

Mosaic Copy Number Variation in Human Neurons
Michael J. McConnell et al.

Science 342, 632 (2013);

DOI: 10.1126/science.1243472

Just some examples/l/l...
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Zhang et al. 2015

Microfluidics for single cell anaiysis
Huabing Yin' and Damian Marshall®




Polymerization

WGA Methods: =
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Polymerization

-DOE-PCR MDA amplification
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Uniform and accurate single-cell sequencing based
on emulsion whole-genome amplification

Sijia Lu™", Wenxiong Zhou®, Fuchou Tang™, X. Sunney * and Yanyi Huang*~*
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Quantitative Comp of Single-Cell Whole Genome Amplification
Detecting the translocation of DNA through a
nanopore using graphene nanoribbons

Removing M DA bIaS F 1-;-:: ailion, 5. M. Benameur, K. Liu, 5. Khiybov, M. Tosun, D. Krasnozhon, A Kis


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

Prevalent genome streamlining and latitudinal Single_ce" GE[IUITIiGS REVE&'S Hundreds Original Article

divergence of planktonic bacteria in the surface ocean

oy - [llof Coexisting Subpopulations in he ISME Journal 8, 1440-1451 (July 2014) | doi

kAP Wild Prochlorococcus _ _ _
Single-cell enabled comparative genomics of a

deep ocean SAR11 bathytype

Ben Temperton, Brandon K S

s Edward F DeLong, Ramun
Capturing Single Cell Genomes of Active Polysaccharide Degraders: An Stephan J Giovannoni

Unexpected Contribution of Verrucomicrobia

SHORT COMMUNICATION

batia o ’ Single-cell genomics shedding light on marine
= " age .
: ) Thaumarchaeota diversification
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Single-Cell Genomics Reveals Organismal Interactions in
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uncultured heterotrophic stramenopile
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Ecology and evolution of viruses infectin

SHORT COMMUNICATION uncultivated SUPO5 bacteria as revealed
Unw.ailing in situ in-teraclions bf.-tween marine . . S o ; . single-cell- and meta- genomics
protists and bacteria through single cell sequencing : | 3 - ;

Potential for Chemolithoautotrophy
Among Ubiquitous Bacteria Lineages
in the Dark Ocean

Brandon K. Swan,® Manuel Martinez-Garcia,! Christina M. Preston,? Alexander Sczyrba 3
Tanja Woyke,> Dominique Lamy,** Thomas Reinthaler,* Nicole ]. Poulton,*
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Just some examples...
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Genome of the pathogen Porphyromonas
gingivalis recovered from a biofilm in a
hospital sink using a high-throughput
single-cell genomies platform

Mouth gingiva ™~ ] Skin retroauricular crease

OPEN @ ACCESS Freely available online * PLoS one

The “Most Wanted” Taxa from the Human Microbiome
for Whole Genome Sequencing

Anthony A. Fodor', Todd Z. DeSantis”, Kristine M. Wylie®, Jonathan H. Badger®, Yuzhen Ye®,
Theresa Hepburn®, Ping Hu’, Erica Sodergren’, Konstantinos Liolios®, Heather Huot-Creasy®,
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Efkrﬂme Medicine

COMMENT

Single cell genomics of bacterial pathogens:
outlook for infectious disease research

Vagina

nature
REEAATER] GENETICS

| Bacteroidetes

ionibacterium | J Fusobacteria
[ Other Actinobacteria

Streptococcus
= [ 2
. Other Firmicutes || Protecbacteria

Nature Reviews | Genetics

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



Some of my contributions to Single cell Genomics in Aquatic Environments
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Can we unveil the genome from just a single virus particle separated
from biological samples?



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
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Single Virus Genomics: A New Tool for Virus Discovery

]l (0T S

Lisa Zeigler Allen'?, Thomas Ishoey’, Mark A. Novotny’, Jeffrey S. McLean', Roger S. Lasken', Shannon J.
. 14

» Set up and optimization of the
multidisciplinary technology to perform SVG
in natural biological samples

* NGS of uncultured reference viruses from
aqutic and human (micro-) environments
by SVG
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Influx (BD)
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. SYBRGold staining

. Sorting of single viruses by flow
cytometry

A 1 virus in each well

. “Lysis” of the capsid and whole
genome amplification

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

Modificado de Allen et al. 2011
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Unstained viruses
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QC that sortig of single viruses is feasible and reliable
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Genome size 11-78 Kbp (in the typical range size for marine viruses)
GC 35.5%

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

15 new viral genomes

10,000 20,00( 40,000 50,000 60,000

. —— o ——eee . . ’ —_— i — s — - - — = — — e——

® No hit in Genbank

n=106 ORFs database "nr"

. . P, s
M Proteins with known Odoviridae 549, £
Caudovirales
function dSDNA virus

Hypothetical
conserved viral
proteins

| tail phage, portal protein and structural proteins [Vibrio phages phi 3 pVp-1]
B DNA primase Salmonella phage Shivani

® DNA polymerase Escherichia phage vB_EcoS_FFH1

M DNA ligase Acidaminococcus sp. CAG:917

®m DNA endonuclease V Synechococcus phage Syn19

m UV damage repair endonuclease [Cronobacter sakazakii]
M type Il restriction protein res subunit [Desulfovibrio frigidus]
W putative resolvase [Bacillus phage Bp8p-C]

putative replicative DNA helicase [Vibrio phage pVp-1]
M putative recombination endonuclease subunit D12 [Vibrio phage phi 3]
m dTDP-glucose 4,6-dehydrataseuncultured marine virus

nucleases [Salmonella phage Shivani]

peptidase [uncultured Mediterranean phage uvMED]

glycosyl transferase and acyl transferase

Best BLAST hit
(Percentage identity mean= 41%)

other proteins




Closest virus in Genbank: Uncultured marine virus isolate CBSM-298

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



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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