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Joint Genome Institute is a U.S. Dept of Energy User Facility

Mission: Enable large-scale, multi-omic studies of plants, fungi, algae, bacteria, archaea & microbial communities

DoE Focus :  

energy & environmental 

challenges



Enabling high quality User Science since 2004
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Genome Targets:

• Plant

• Fungal & Algal

• Metagenome

• Microbial

DNA Sequencing

Platforms
• Illumina NovaSeq X 
• PacBio Revio

• Oxford Nanopore
PromethION

Advanced Genomic 

Technologies
• Single-cell Sequencing 
• Stable Isotope Labeling 

• Methylation/Epigenomics
• Transcriptomics

Metabolomics

• Polar-/non-polar 
LC/MS metabolite 
profiling

• Targeted and 
untargeted metabolite 

analysis

DNA Synthesis

• Design & Pathway 
Assembly

• Host Engineering

Infrastructure/ 

Capabilities

Secondary 

Metabolites
• Large-scale 

bioinformatic mining

• Integrated workflows
• BGC exploration

Data Science & Informatics



4

JGI Worldwide Users
Sequencing 

Technologies

Metagenomics

Single-Cell

DNA Synthesis

Metabolomics

Computational 
Technologies

User Programs

JGI “services”



2007 2012 2013 2015 2017 2019

Community Science Program (CSP):  Genomic Encyclopedia of Bacteria & Archaea

GEBA-IV
Ubiquitous 

OTUs

GEBA-V
Pangenomes

GEBA
Actinos

GEBA-10KGEBA-I
Diversity

GEBA-II
Genus coverage

2014

GEBA-III
Soil& 

Rhizosphere
GEBA-pilot (56)

Just 11,000 JGI genomes 

account for >40% of total 

diversity from >2 million 

genomes in GenBank



Microbial Dark Matter



SAGs MAGs

Single Amplified 
Genomes

Metagenome 
Assembled Genomes

Pioneering metagenomic studies at the JGI

• No cultivation, no prior knowledge required



Recovering MAGs

“Binning” exploits similarities in “coverage” & nucleotide composition to pull together discrete contigs into a MAG

Assembled metagenome

MAGs

Assembled metagenomes 

collected globally

AT SCALE



• 3,810 samples from 2,444 individuals

– multiple geo regions, age groups, 

lifestyles, and disease states

• 60,664 MAGs reconstructed

– 4,558 microbial species

– 80% new

Global-scale analysis of the human gut microbiome



Large Lineages don’t have cultured representatives

• RF39 is found in 49% of healthy 
adults

• Numerous MAGs, (no isolates) 

• genome deficits – metabolic 
dependencies



Three Parallel Studies

• 11,831 unique samples

• 204,938 NR Genomes

• 4,644 species

• 3,750 (81%) 
Uncultured species

• 625,255,473 proteins

• 14M clusters

Almeida et al. Nature Biotech, 2021

Unified Human Gastrointestinal Genome Catalog



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

• 52,515 MAGs reconstructed 

• Grouped into 18,028 species-level OTUs

• 12,556 were novel species from 135 phyla

• 3x more diversity compared to previous studies

GEMs add 44% of phylogenetic 

diversity to Bacteria & Archaea

A Genomic Catalog of Earth’s microbiomes (GEMs)



A genome census during the uncultivated data deluge
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• 41.73% “unrepresented” diversity at lower taxonomic ranks 

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

9
.7

3
 %

4
8

.5
4
 %

4
1

.7
3
 %

Marker-only OTUs

(mOTUs)



#Genus mOTUs

Marker-only OTUs by Habitat & Taxonomy

Known Unknown

Uncultured 

Unknown

Unknowns

Cultured

41.73 %

135K mOTUs

• Diversity hotspots - sediment, soil, freshwater, marine subsurface 



Genome Catalogs of Uncultivated Viruses

But first, why viruses? 

10/20/2025 15



Viruses have multi-level impacts
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• The most abundant biological entities on earth (estim. >1031)

• Parasitize all cellular life forms

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

• Influence microbiome processes

Feiner et al., 2015



The main approach for exploring viral diversity at scale

LIMITATIONS for DISCOVERY

❌  No available cultures

❌  No universal viral marker genes

❌  Applications – phage therapy



Host specificity can be leveraged for phage therapy



2016

Virus Discovery from metagenomes

Uncultivated genomes massively expand the 
known diversity of viruses

4,300 samples
125,000 Viral contigs

18,000 vOTUs
98% Novel

Nikos Kyrpides



Aggregating global viral genome catalogs

v5

v4

img.jgi.doe.gov/vr 



Computational     Tools



Tools & Standards for Metagenomics

2015

MetaBAT binning 
tool (>5,000 
citations)

2016

Earth’s virome 
(>1,100 cit.)

2017

MIMAG standards 
(>2,000 cit.)

2019

MIUViG standards      
(>600 cit.)

2021

(>1,400 cit.) 2023

(>560 cit.)

2024

MetaBAT2 
(>3,200 cit.)



Portals for Microbiome Research

Viral Resource

Plasmid Resource

IMG Systems 
(>8600 cit.)



Terabase-scale CO-ASSEMBLY of Metagenomes

10/20/2025 24

MetaHipMer scales to run on 

supercomputers

• Twenty-year time series from Lake Mendota

• Better recovery of low-abundance organisms; 

longer contigs.

Emiley

 Eloe-Fadrosh

•Input Data: >10 Tbp from 471 individual metagenome samples

• Largest environmental metagenome assembly 

•Staggering 95,523,664 contigs assembled

•1,894 non-redundant prok MAGs, 9 euk MAGs, 6,350 HQ 
viruses



Sample of interest
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Probiotic Fungi

Nutrient Transfer
15N
18O

SAND

Sustainable biofuel development

-- Switchgrass in marginal soils

Probiotic amelioration of nutrient stress

-- Improve plant growth during limiting conditions

-- Recover N, P, water

-- Probiotic fungi: AMF, Sebacina

-- Probiotic bacteria: N
2
 f xers

Quantify nutrient-acquisiton by priobionts

-- Plant chamber: N, P, water def ciecy 

-- Foraging chamber: Isotopically labeled nurients

    -- water, phosphate, inorganic N, organic N 

-- NanoSIMS imag ing of roots (also bulk IRMS)

Crosstalk: Plant-micro, Micro-micro interactions

-- Transcriptomics, 13C-metabolomics
Nutrient Def ciency

(N, P, or water stress)

Isotopically-labeled

Nutrients, Water

“Def ciency” Chamber “Foraging” Chamber
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Incorporation Metagenomics

Accessing active populations with qSIP-Metagenomics

Rex Malmstrom



Robert Hungate



Why the Rumen

• World’s largest commercial fermentation chamber

• Dense microbial habitat - symbiotic bacteria, archaea, fungi, protozoa &  viruses 

• 2-12% feed energy loss from via CO2 and CH4 - 1/3rd of human-made emission 

• Goal - Modify rumen microbiome to reduce CH4, improve animal health and nutrient utilization!
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Hungate Isolates & Reference Genomes

• 410 genomes contributed (15 at inception)

• Study total - 481 Bacteria & 21 Archaea 

William Kelly



Hungate Isolates “in the wild” 

• Comparing 500 ISOLATES against 

>8,200 metagenomes in IMG/M

• 400 isolates in only 40 rumen 

samples 

• 130 overlapping species with 

human G.I., e.g., 

• Megasphaera elsdenii

• Prevotella bryantii
• Streptococcus gallolyticus, S. equinus

• Ruminococcus flavefaciens
• Dorea spp.
• Blautia spp. 
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Save the Date: Sequences to Cultures Jamboree (Nov 6-7)

Nov 4-7, 2025 @

UNLV & DRI
Hosted by the JGI,  University of 

Nevada, Las Vegas, and the Desert 

Research Institute
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