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Microbes Matter!

Life on Earthhasbeenmicroscopidor muchof its ~4 billion yearhistory.

Themetabolicactivity of theseorganismahasleft its mark
Greatoxygenatiorevent TeC
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Greenhousgassink/emission bacEaria
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Life: on the planetary timescale

4.5: moon formation
4.5-4.0: CO,, sequestration

3.9-3.8: late bombardment

3.8-3.5: fur@
3. 3 2.9: archean expansion

2.8-2.5: photosynthesis

0.54-0.52: cambrian explosion

|
0.02: C4 photosynthesis
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We knew microbial ecologyhéfore:kihowingmicrobes

Fermented beverage and food storage in 13,0080y@&tone mortars
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The Unseen\Majofity: metagenomics-revolution
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This enormous biomass is G schsencoltmambers | | -Gt 10
. . . . . on Earth: ¢ Phyllosphere: 2x 10
distributed in microscopic cells Si107 st o
* Pigs: 7x10%

* Humans: 4x10%

* Sea surface layer: 2x10%
* Atmosphere: 5x10%

* Etc.

~1.2 x 139 bacterial/archaeal cells
e Xl st Il n t he NnAbI
Earth

if all the 11 103! viruses on earth ' |
were laid end to end, they would
stretch for 100 million light years

Deep continental subsurface: 3 x 10%

Upper oceanic sediment: 5 x 10%*

Deep oceanic subsurface: 4 x 10%

(Flemminget.al. 2018.Nat Rewlicrobiol)



The great oxygenation event A oxidized forms

Why are microbes:so
diverse? // |
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Microbes in carbon cycle

Microbes transfer an enormousflow of
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Challenge: Great platecount:anomaly

Using conventionalcultivation techniquesonly
0.1-1% of prokaryotes are Culturable in
laboratoryconditions
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Microbiome analysis
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Global OceanSamypling

Atlantic Ocean
Sargasso Sea ;

VI;aciﬁc Ocean Pacific Ocean

Galapagos Islands

French Seychelles
Polynesia
V a* scar Keeling Is.
Cook Indian Ocean
Islands

South Africa

® Past Routes: 2003-2008 @ Europe Expedition: 2009-2010
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Tara Ocean ‘Sampling

Metagenome (51 samples, 18 stations)

Metatranscriptome (58 samples, 40 stations)

Both (129 samples, 68 stations)
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Malaspina Sampling
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» Assembly

* Binning

» Completeness 2 50%
» Contamination <10%

l

36,398 medium quality MAGs
v completeness 2 50%
v’ contamination < 10%

40,039

MAGs

3,641 high quality MAGs
v’ completeness > 90%
v contamination < 5%
v tRNA number 218

v’ presence of 23S, 16S and 5/5.8S rRNA

d Nayfach et al. (2019)
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Deep groundwaterimetagenomes
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Capturing the unseen'\Wiajority
orfitheit flv@dinr... f oot pri nt e

Great Plate Count Anomaly

Only ~1% of Bacteria is Culturable

. A
Environmental 7 A\

Sample Microscope Agar Plate Sequencer Genomes

GTACATGACTAGATCAT
AGACTGGATCGATCCAG

ACGTGTACGTACGTAAG
> GTACATGACTAGATCAT
AGACTGGATCGATCCAG
Uncultivated Sequencing GGACCTAGCTAAGCTAG

Parkset.al. NatMicrobiol 2017



Amplicon vs. Metagenomics

Metagenomics

ALess complex
A Better coverage 8 Bacteria
A More samples

AExtensive database

16S rRNA amplicon
sequencing

Archaea
ASame fragment . y
A Comparable phylogenetic info
AQualitative 18S rRNA amplicon

Microeukaryotes :
: : sequencing
APCR and primer bias [

ALimited phylogenetic info
ALimited functional information

viruses



Metagenomics\Wotkflow
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Optimized sample collection, preparation, and DNA extracti

Scientific question
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Sample type
Sample should be representative
& Metagenomics Remember all metagenomics values are RELATIVE

Processampledast
andpreserveDNA properly



