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Letôs answer some questions on menti!
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Microbes Matter!

Life on Earth has been microscopic for much of its ~4 billion year history. 

The metabolic activity of these organisms has left its mark.

ÅGreat oxygenation event

ÅPhotosynthesis

ÅLignin and cellulose degradation

ÅCycling of elements (C, N, S, Fe, é)

ÅGreenhouse gas sink/emission

Å Interact with plants and animals

Åé

Bar-On et.al. PNAS, 2018



Life on the planetary timescale

4.6 4.0 3.0 2.5 2.0 1.0 0.54 today

ArcheanHadean Proterozoic Phanerozoic

4.5: moon formation

3.9-3.8: late bombardment

3.8-3.5: first life

2.8-2.5: photosynthesis

3.3-2.9: archean expansion

2.4-2.3: great oxidation

0.54-0.52: cambrian explosion

0.02: C4 photosynthesis

4.5-4.0: CO
2
sequestration

1.9-1.7: eukaryote ancestor



We knew microbial ecology before knowing microbes

Fermented beverage and food storage in 13,000 year-old stone mortars



The Unseen Majority
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The Unseen Majority: metagenomics revolution

Hug et al., Nat microbiol, 2016
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This enormous biomass is 

distributed in microscopic cells

~1.2 x 1030  bacterial/archaeal cells 

exist in the ñbig fiveò habitats of 

Earth

if all the 1 Ĭ 1031 viruses on earth 

were laid end to end, they would 

stretch for 100 million light years

Astronomical numbers!

(Flemming et.al. 2018. Nat Rev Microbiol)



Åoxidized forms

Åozone layer
Why are microbes so
diverse?

Å Evolved early

Å Initially access to all habitats on Earth

Å Survided a large span of conditions

ÅMore habitas, more niches

Å Short generation times

Å Inter-species gene transfer

The great oxygenation event



Microbes in carbon cycle

Microbes transfer an enormous flow of 

carbon through 

                          Trophic interaction 

                          Metabolism 

Greenhouse gas sink/emission control 

               Methane

               Nitrous Oxide 

              CO2

Climate impact



Using conventional cultivation techniques only 

0.1-1%  of prokaryotes are Culturable in 

laboratory conditions.

Challenge: Great plate count anomaly



Microbiome analysis

Desired efficiency anything more that  0.1-1%





Global Ocean Sampling



Tara Ocean Sampling



Tara Ocean Sampling



Malaspina Sampling



Soil metagenomes



Deep groundwater metagenomes



How is Metagenomics done 
and what does it tell us?
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Capturing the unseen Majority 
or their footprinté

Parks et.al. NatMicrobiol, 2017



Amplicon vs. Metagenomics

ÅLess complex
ÅBetter coverage

ÅMore samples

ÅExtensive database

ÅSame fragment 
ÅComparable phylogenetic info

ÅQualitative

ÅPCR and primer bias

ÅLimited phylogenetic info 

ÅLimited functional information 

Bacteria

Archaea

Microeukaryotes

viruses

Metagenomics

16S rRNA amplicon 
sequencing

18S rRNA amplicon 
sequencing



Metagenomics Workflow

Samples



What to think of when designing a experimenté

Optimized sample collection, preparation, and DNA extraction

  Scientific question 

  Sample type

  Sample should be representative

  Remember all metagenomics values are RELATIVE

  Process samples fast

  and preserve DNA properly

& Metagenomics


