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Mission: Enable large-scale, multi-omic studies of plants, fungi, algae, bacteria, archaea & microbial communities
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Enabling high quality User Science since 2004

Infrastructure/
Capabilities

DNA Sequencing
Platforms
Alllumina NovaSeq X
APacBio Revio
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Advanced Genomic Metabolomics DNA Synthesis Secondary
Technologies A Polar-/non-polar A Design & Pathway Metabolites
A Single-cell Sequencing LC/MS metabolite Assembly A Large-scale
A Stable Isotope Labeling profiling A Host Engineering bioinformatic mining
A Methylation/Epigenomics A Targeted and A Integrated workflows
A Transcriptomics untargeted metabolite A BGC exploration
analysis

Data Science & Informatics
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1,003 reference genomes of bacterial and archacal
isolates expand coverage of the tree of life
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Expanding the genomic encyclopedia of
Actinobacteria with 824 isolate reference
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Improving the coverage of the
cyanobacterial phylum using diversity- ;:
driven genome sequencing =
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Community Science Program (CSP): Genomic Encyclopedia of Bacteria & Archaea

Isolate genomes % phylogenetic diversity

11,176
Bacterial 60
1,299,688
N Jcl
l Rest of the world
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1222

Just 11,000 JGI genomes
account for >40% of total

diversity from >2 million
genomes in GenBank
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Pioneering metagenomic studies at the JGI

A No cultivation, no prior knowledge required

Cost per Mb of DNA sequence ($)
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Pubmed ‘Metagenomics’ hits
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Current Opinion in Microbiology
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Community structure and metabolism
through reconstruction of microbial
genomes from the environment

Gena W. Tyson , larrod I:w-'-',,r.‘
Edwsand WL Rubin’, Danled 5. Rokhsar™* & Jillian F, Eanfield'

Hugenholt’, Eric E. Allen', Rachna J. Ram’, Paul M. Richardson’, Victor V. Solovyer’,

Metagenome
Assembled Genomes




Recovering MAGs AT SCALE
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Assembled metagenomes
collected globally
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Globatscale analysis of the human gut microbiome JGI \'\
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nature

Article Open access Published: 13 March 2019

New insights from uncultivated genomes of the global
human gut microbiome

Stephen Nayfach &, Zhou Jason Shi, Rekha Seshadri, Katherine S. Pollard & Nikos C. Kyrpides &
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(109) .‘% 8 Mongolia ,

Finland (281)

A 3,810 samples from 2,444 individuals

I multiple geo regions, age groups,
lifestyles, and disease states

A 60,664 MAGSs reconstructed

I 4,558 microbial species

T 80% new \

Host Age / Lifestyle (241)
Adult / Urban (1416)

Adult / Rural (598) /
Infantl Urban (1796)
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RF39 is found in 49% of healthy
adults

Numerous MAGS, (no isolates)

genome deficitg; metabolic
dependencies
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Unified Human Gastrointestinal Genome Catalog JGI

ARTICLE oPEN

https://doi.org/10.1038/541586-019-1058-x

New insights from uncultivated genomes
of the global human gut microbiome

Stephen Nayfach?*, Zhou Jason Shi®#, Rekha Seshadril2, Katherine 8. Pollard® #5678 & Nikos C. Kyrpides!-2*

ARTICLE

A new genomic blueprint of the human
gut microbiota

idal?*, Alex L. !, Miguel Boland', Samuel C. Forster?**, Gregory B. Gloor®, Aleksandra Tarkowska’,
‘lYevorD L wleyz&R Jbert D. Finn'*

OPEN

‘doi.org/10.1038/541586-019-0965-1

https:///

Cell

Extensive Unexplored an Microbiome Diversity
Revealed by Over 150,000 Genomes from
Metagenomes Spanning Age, Geography, and
Lifestyle

Three Parallel Studies

!

A unified catalog of 204,938 reference genomes
from the human gut microbiome

Al dre Almeida™'2, Stephen Nayfach®#, Miguel Boland', Francesco Strozzi®®,

Martin Beracochea(®', Zhou Jason Shis?, Katherine S. Pollard (6789107 Elaterina Sakharova’,
Donovan H. Parks @2, Philip Hugenholtz 2, Nicola Segata®, Nikos C. Kyrpides®** and
Robert D. Finn @&

A 11,831 unique samples

A 204,938 NR Genomes
A 4,644 species

A 3,750 (81%)
Uncultured species

A 625,255,473 proteins
A 14M clusters
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IMG metagenomes
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N=10,450

- Completeness >50%

Assembly and - Contamination <5%
binning - Quality score >50

52,515 MA

Near
complete

Cat al

og of

A 10,450 metagenomes from diverse habitats (IMG/M database)

A 52,515 MAGs reconstructed
A Grouped into 18,028 species-level OTUs
A 12,556 were novel species from 135 phyla

A 3x more diversity compared to previous studies
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hitps://doi.org/10.1038/541567-020-0718-6

Stephen Nayfach', Simon Roux’, Rekha Seshadri', Daniel Udwary ©', Neha Varghese',

Frederik Schulz®', Dongying Wu', David Paez-Espino @, I-Min Chen ©', Marcel Huntemann®',
Krishna Palaniappan’, Joshua Ladau', Supratim Mukherjee @', T. B. K. Reddy @, Torben Nielsen',
Edward Kirton', José P. Faria?, Janaka N. Edirisinghe?, Christopher 5. Henry?, Sean P. Jungbluth'4,
Dylan Chivian©?, Paramvir Dehal®, Elisha M. Wood-Charlson©?, Adam P. Arkin?,

Susannah G. Tringe @', Axel Visel ©', IMG/M Data Consortium®, Tanja Woyke @, Nigel J. Mouncey ©",
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A genome census during the uncultivated data deluge

SCIENCE ADVANCES | RESEARCH ARTICLE

MICROBIOLOGY

A metagenomic perspective on the microbial

prokaryotic genome census

Dongying Wu, Rekha Seshadri, Nikos C. Kyrpides, Natalia N. lvanova*
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Isolates

110,098 from IMG/M
1,316,387 from NCBI

MAGs

156,033 from IMG/M
307,120 from NCBI

IMG/M Microbiomes

28,400 from Metagenome
7,218 from Metatranscriptome
2,381 from Cell Enrichment

30 from Co-culture
5,936 from Single Particle Sort
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A 41.73% fiunrepresentedo diversi-t

A mOTUs ~134,966 species in 18,087 metagenomic samples.




Marker-only OTUs by Habitat & Taxonomy JGI ’\'.\
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A Diversity hotspots - sediment, soil, freshwater, marine subsurface

Terrestrial (4530)
Terrestrial-wetland (1435)
Host-phytosphere (1265)
Terrestrial-contaminated (353) -
Engineered (3260)
Aquatic-transitional (1400) - 0 100000 200000 300000 400000 500000 600D
Host-invertebrates (791)
Host-other (315)
Host-vertebrates (713)
Host-human (2959)
Terrestrial-litter (363) : Unknown

Phylogenetic Diversity (PD)
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#GenuanOTUs
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Genome Catalogs of Uncultivated Viruses

But first, why viruses?



Viruses have multi-level impacts

A The most abundant biological entities on earth (estim. >1031)
A Parasitize all cellular life forms

A Co-evolution of viruses and host defense systems is key
aspect in evolution of both viruses and cells

A Influence microbiome processes

Feiner et al., 2015

Genetic transfer
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