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The DOE Joint Genome Institute

JGI MISSION:
To provide the global research community 
with free access to the most advanced 
integrative genome science capabilities in 
support of the DOE energy & 
environmental research mission

Integrative Genomics Building 
(IGB)

U.S. Department of Energy Office of Science User Facility
● JGI established in 1997, User facility from 2004
● Located at Lawrence Berkeley National Laboratory
● ~285 staff; $91.6 M annual funding 
● 2,038 Global Primary Users; >10,000 Data Users



DNA Synthesis Science Program

Mission Statement 
To harness the power of DNA synthesis, strain engineering, and 

biosystems design for DOE mission relevant discovery and applications

Large-scale synbio projects
• 500 kbp DNA synthesis, construct assembly
• Fast-track metabolic engineering
• sgRNA library
• Strain engineering
    etc….

Key achievements
• > 300 projects
• > 200 publications
Including Nature, Science, Nature 
Sister Journals

1/30/2025 (DEADLINE)



Strategic Focus Areas – Implementation of 2018 Plan
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1. Genomes to 
structure and function

2. High-throughput 
functional genomics

3. Microbe-microbe and 
plant-microbe interactions



Science Portfolio 1

Genomes to Structure and Function

User-Driven

Natalia
Ivanova

Simon
Roux

Trent 
Northen

Katherine
Louie 

Metabolomics

Ian 
Blaby

Platform

BER
Structural Biology

& Bioimaging
Functional

Characterization
Sequence Data 

Analysis & Selection DNA SynthesisData Mining

The program oversees scientific communications with Users and facilitate capability integration
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Science Portfolio 1

Discovery of Ethylene Enzymes for Bioplastics
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Science Portfolio 1

Other Examples

Novel glycoside 
phosphorylase: 
CSP 2572

Steve Withers Paul Adams
Tobias ErbSoichi Wakatsuki

The world fastest 
CO2 fixation 
enzymes
CSP 1755

Challenge: Integration of capabilities across facilities

FICUS 
PILOT

FICUS 
PILOT

Ramon GonzalezAndrzej Joachimiak FICUS 
PILOT

Synthetic C1-
trophy Pathway
CSP 505301

Results: Demonstrated the power of capability integration
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Genomes to Structure and Function Workshop
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Challenges and opportunities 
identified through the workshop
1. Science
2. Technology development
3. User Facility Integration
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Plant-Microbe Interactions in Sustainable Agriculture
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Plant 
pathogenic 

microbes Biocontrol

Biocontrol Phytostimulation
Biofertilization

Plant 
beneficial 
microbes

Nutrition
Attraction



Microbiome Engineering in Agriculture
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(2021)



1. Tool Development for
Microbiome Engineering
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Development Of Chassis Independent  Recombinase-
assisted Genome Engineering (CRAGE)



Step 1. Landing pad insertion into the genome

Chromosome

Recipient

Chromosome

Donor (E.coli)

Transposase OriT

IR
LoxP Lox5171

Marker 1 IRCre

Step1: Inserting Landing Pad in Recipient Microbes

Santos et al., Nature Communications (2013) & Nature protocols (2014), Wang et al. Nature Microbiology (2019) 



Step 2. Gene/pathway insertion

Chromosome

Recipient

Chromosome

Donor (E.coli)

Marker 2
Lox5171LoxP

OriT

IR
LoxP Lox5171

Marker 1 IRCre

Step 2: Gene Insertion via Cre-loxP

Santos et al., Nature Communications (2013) & Nature protocols (2014), Wang et al. Nature Microbiology (2019) 



Step 2. Gene/pathway insertion

Chromosome

recipient

Chromosome

Donor (E.coli)

IR IRMarker 2
Lox5171LoxP

Step 2: Gene Insertion via Cre-loxP

Santos et al., Nature Communications (2013) & Nature protocols (2014), Wang et al. Nature Microbiology (2019) 
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Lox5171LoxP
T7RP

IR IR
SM2

PT7Pinducible

Signal

Step 3. Activation of inserted genes
A design principle can be standardized 

Step 3: Expression of Inserted Gene/pathway

Santos et al., Nature Communications (2013) & Nature protocols (2014), Wang et al. Nature Microbiology (2019) 



• Engineering of 60+ bacterial species
• α, β, and γ-Proteobacteria
• Actinobacteria
• Firmicute
• Cyanobacteria
• Bacteroidetes

CRAGE: Versatile Genome Engineering Tool

• Single-step pathway (~60 kbp) integration

• Standardized design principle (a single shuttle system)

Donor

Recipient

• Transformation is automated and scaled

• Dual integration is feasible



Drought Is One Of The Most Critical Issues

• Drought impacts
– 1.5 billion people affected by drought in 

2017
– Loss of US $125 billion globally
– Estimated impact on 75% of global 

population by 2050 (UNCCD, 2023) 
– 23 million people severely food insecured 

(WFP,2023).

1/8/25 21UNCCD website



Microbiome Engineering Has Potential To Reduce The 
Negative Effect Of Drought

1/8/25 22



Design Principles: IAA- and AcdS-producing Syn PGPR 

Chassis Selection
1. Persistent colonizer capable of colonizing diverse plant species



Pseudomonas simiae WCS417 is a Model PGPR 

1/8/25 24Pieterse et al., Plant and Soil (2020) 10.1007/s11104-020-04786-9

• Originally isolated from wheat fields
• Colonizes diverse plant species
• Controls soil borne diseases

• Fungi, nematode, bacteria



P. simiae WCS417 Is A Persistent Colonizer Across 
The Entire Root Systems

1/8/25 25

3.2 x 106 CFU/mL
X inoculations

Root colonization of

Klimasmith et al. Frontiers in 
Microobiology (in press)

Cole et al. 
PLoS Biiology (2019)

P. simiae WCS417 can colonize 
across the entire root systems

P. simiae WCS417 can persists in 
soil and plant roots

http://www.frontiersin.org/Community/WhosWhoActivity.aspx?sname=IsaacKlimasmith&UID=2767897


Design Principles: IAA- And AcdS-producing Syn PGPR 

Chassis Selection
1. Persistent colonizer capable of colonizing diverse plant species
2. Capable of producing IAA and AcdS only around the root tips



IAA Gradient Is Important For Maintaining The Plant 
Physiology

Auxin sensor
DR5::GFP

Lewis et al., The Plant Cell (2013) 10.1105/tpc.113.114868

• Plant roots are sensitive to IAA
• IAA is concentrated at root tips
• Entire roots are saturated with auxin 

signal if treated with IAA

http://dx.doi.org/10.1105/tpc.113.114868


P. Simiae WCS417 May Be Able To Provide IAA Activity 
Mainly To The Plant Root Tips

1/8/25 28

Gao et al., JoVE Journal (2018) 
10.3791/57170

P. simiae WCS417 can colonize the root 
systems, but the only cells around the 
root tips are physiologically active

https://dx.doi.org/10.3791/57170
https://dx.doi.org/10.3791/57170


Design Principles: IAA- and AcdS-producing Syn PGPR 

Chassis Selection
1. Persistent colonizer capable of colonizing diverse plant species
2. Capable of producing IAA and AcdS only around the root tips

Pathway selection
1. Robust IAA producer independent of Trp in plant exudates 



Plants Produce Trp More Abundantly From 
The Parts Closer To Shoot 

30Jaeger III et al., AEM (1999) 10.1128/aem.65.6.2685-2690.1999

https://doi.org/10.1128%2Faem.65.6.2685-2690.1999


Development Of an Efficient IAA Production Strain
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Development Of An Efficient IAA Production Strain
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Design Principles: IAA- And AcdS-producing Syn PGPR 

Chassis Selection
1. Persistent colonizer capable of colonizing diverse plant species
2. Capable of producing IAA and AcdS only around the root tips

Pathway selection
1. Robust IAA producer independent of Trp in plant exudates
2. Robust AcdS producer
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Development Of An Efficient ACC Deaminating Strain



IAA- and AcdS-producing SynPGPR Can Promote The 
Root Growth



Our IAA Production Strain Can Maintain The IAA Gradient



Our SynPGPR Can Promote The Growth Of Arabidopsis

1/8/25 37

mock wt IAA + acdS

Drought condition



Summary

• CRAGE is a powerful strain engineering technology for microbial 
engineering
• Engineered microbes can tremendously increase plant biomass yield 

under the normal and drought conditions

1/8/25 38
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Carbons with Different Colors

1/8/25 40https://upscwithnikhil.com/article/environment/four-types-of-carbon



A new carbon with different color – yellow?

1/8/25 41

• N, P, and K rather than C
• 2.8 kg-CO2eq/kg-NH3
• 1.9 kg-CO2eq/kg-P2O5
• 0.5 kg-CO2eq/kg-K2O

• Urine composes only 1% of total 
wastewater, but it contains roughly 70-
90% of nitrogen (N) and 50-65% of 
phosphorus (P) in waste streams

• Urine diversion process - If we can 
fully utilize urine, 21%, 12%, and 20% 
of global N-, P-, and K-fertilizer 
demands are met

• Problem: low price of fertilizers



What chemicals should we make to subsidize urine diversion 
system

1/8/25 42

• Hydroxyapatite might be a very interesting 
material to make
– High price point: $80/kg - $10,000/kg
– $3.1B market size
– Orthopedic, dental care products, plastic surgery, 

food, and pharmaceutical applications
– Filter, Insulation, replacement of plastics, construction 

materials 

Microbial 
Induced
Calcite
Precipitation



Design principles of osteoyeast platform
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Overexpression of urea degrading enzymes
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Engineered yeast increased accumulation of calcium in 
vacuoles

WT

Engineered 

strain

VPH1-mCherry Calcein-AM MergeBright Field



Engineered yeast produced crystals

1/8/25 46



Hydroxyapatite synthesis mediated by the osteoyeast platform 
analyzed using TEM 

1/8/25 47



Hydroxyapatite synthesis mediated by the osteoyeast platform 
analyzed using TEM 
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Ca P Ca P



Hydroxyapatite (HAp) synthesis mediated by the osteoyeast 
platform analyzed using TEM 
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Ca P Ca P
2 1/nm ACP HAp



Hydroxyapatite (HAp) synthesis mediated by the osteoyeast 
platform analyzed using TEM 
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HAp synthesis mediated by the osteoyeast platform using 
correlative imaging analyses 
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HAp synthesis mediated by the osteoyeast platform using 
correlative imaging analyses 
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HAp synthesis mediated by the osteoyeast platform using 
correlative imaging analyses 
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HAp synthesis mediated by the osteoyeast platform using 
correlative imaging analyses 
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Mechanism for osteoyeast to produce HAp
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HAp synthesis directly from urine
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HAp synthesis directly from urine
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Technoeconomic assessment of HAp synthesis from Urine
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Technoeconomic assessment of HAp synthesis from Urine
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Technoeconomic assessment of HAp synthesis from Urine
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Technoeconomic assessment of HAp synthesis from Urine
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Technoeconomic assessment of HAp synthesis from Urine

1/8/25 63



Summary

• Introduced a new yellow carbon concept
• The osteoyeast platform designed based on osteoblast can produce Hap 

directly from urine with a high yield
• Osteoyeast-based HAp production makes the urine diversion process 

profitable 

1/8/25 64
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