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All times in MDT. 

9:00-9:10am Opening Remarks
9:10-9:40am Britt Koskella, UC Berkeley
Phages as key members of their ecosystem 
9:40-9:50 Gareth Trubl, Lawrence Livermore National 
Laboratory 
Unraveling the hidden potential of active microbial and 
viral communities in soil ecosystems  
9:50-10:00 Joanne Emerson, UC Davis  
Exploring the spatiotemporal patterns of soil viral 
communities in tomato fields 
10:00-10:10 Kim Seed, UC Berkeley – 
Fighting with phages: how epidemic Vibrio cholerae 
defends against viral attack 
10:10-10:20 BREAK
10:20-10:30 Basem Al-Shayeb, UC Berkeley

10:30‐10:40 Karthik Anantharaman, UW Madison. 
Computational approaches to advance phage ecology in 
microbiomes 
10:40‐11:10 Ruonan Wu, Pacific Northwest National Lab -  
Unearthing climate impacts on soil viruses. 
11:10‐11:40 Catherine Mageeney, Sandia National Lab -  
Phage Factory: A phage for any bacteria
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Outline

• Phage Application Spaces

• Phage Discovery and Phage Factory

• Phage Factory for Therapeutics
 Application to Pseudomonas aeruginosa

• Phage Factory for Energy 
 Phage Landscape for organisms of DOE relevance
 Application to Burkholderia cepacia complex and Streptomyces venezulae
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Phages are found in nearly every environment with broad impacts 
and applications

Batinovic et al., 2019

Therapeutics
Vaccines

Microbiome 
Immune response

Biogeochemical 
processing
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Biogeochemical 
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ponds
Fermenter bacterial crashes
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Phage Display
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Prophages mined from bacterial genomes yield far more 
phages

Current WAY
• Fishing approach can have low yield
• Not necessarily host-adapted (may be 

better adapted to other host bacteria)
• ~15,000 unique genomes in GenBank

Our WAY
• Bacterial genomes are nets that catch phages
• Phages are host-adapted because we choose them 

from close relatives
• ~1.2 prophage/genome x 343,000 genomes in 

GenBank
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Our software discovers genomic islands precisely

Islander (Hudson et al., 2015, NAR) TIGER (Mageeney et al., 2020, NAR)

attB

attP

X

Integrase

Integrase, Excisase

attL

attR

X
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Prophages are found in many bacterial and archaeal 
genomes

• Applied software to 134,378 bacterial and archaeal 
genomes
 Currently working through >300,000 genomes at Genbank

• Precisely identified 358,555 islands = 2.7 islands/genome
• 74,876 called as prophages  
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Prophages are found for every phylogenetic group of 
bacteria and archaea
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GIs/genome



Most prophages appear to contain a full gene complement

Full Tailed Gene Complement– greater than 25kbp, 
contains structural and functional phage proteins

Incomplete Gene Complement/Satellites – 
contains only one class of phage proteins 
(structural/functional)

Inovirus - < 20kb, contains pfam zot and/or coat 
proteinsFull 

Tailed
Incomplete
/Satellites

Inovirus
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Phage Factory: Bacteria-Agnostic Phage Discovery and 
Engineering Platform

Prophage 
database

Identify 
prophage-rich 
close relatives 

of target

Engineer 
phages RebootValidate 

phages

12Mageeney et al., 2020, mSystems
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Prophage Yields are Higher than Average for Pathogens14

ESKAPE

Tier 1 
Select 
Agents

Other HHS 
and Overlap 
Select Agents

Mageeney et al., 2020 mSystems



Phages were sourced from prophage-laden close relatives of P. 
aeruginosa PAO1

• Analyzed all P. aeruginosa strains 
available at ATCC

• Chose Pae1505 (ATCC 39324) and 
Pae5 (ATCC 27853) as prophage 
sources
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Prophages

Mageeney et al., 2020 mSystems



Mageeney et al., 2020 mSystems

5 Prophages were Identified for Engineering



Deep Sequencing can detect active prophages17

Juxtaposer and attCt - Schoeniger et al., 2016 NAR

Deep
Sequencing



Active Prophages can be identified by PCR and deep sequencing 

Mageeney et al., 2020 mSystems



Engineered Phages Kill Pseudomonas aeruginosa in liquid 
culture

Mageeney et al., 2020 mSystems



Engineered phages save waxworms in phage therapy trials

Mageeney et al., 2020 mSystems

Uninjected, Phage



Mixed host ranges are seen for 
engineered phages against 
antibiotic resistant P. 
aeruginosa strains

21

Work done in 
collaboration with 
Linda DeVeaux’s Lab 
at New Mexico Tech

• Obtained collections of AR 
isolates from CDC collection

• Tested WT and ∆integrase 
phages in spot tests

• Distance from host strain is 
the strong correlation for 
phage infectivity

• 11 Fully Sensitive (Blue)
• 18 Mixed Sensitivity (Pink)
• 38 Fully Resistant (Red)
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Prophages can be detected for all soil bacteria of interest23



B. cepacia complex strains 
harbor many prophages

• 16 strains obtained and tested
• 9 cepacia, 2 cenocepacia, 2 multivornas, 

1 vietnamiensis, 1 stabilis, 1 pyrrocinia
• 123 Islands Discovered
• 39 Prophages
• 30 Full Tailed Gene Complement
• 6 Incomplete/Satellite
• 3 Inovirus

24
Work Done with Summer Intern  
Shawn Barman



Prophages from 16 
Burkholderia are diverse with 
few clustering together

• Prophages form 5 cluster with a 
stringent criteria of 80% ANI 
spanning >50% of the genome

• There are 21 Singletons not 
clustered with any other 
prophages

• Validated 20 prophages through 
PCR and Juxtaposer analysis

Cluster 1

Cluster 2

Cluster 3

Cluster 4

Cluster 5 25



Burkholderia prophages have narrow host ranges
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Streptomyces venezuelae 

• Filamentous soil dwelling bacterial with uses in 
natural product and found in many soil consortia

• Produces many antibiotic compounds which may 
have unknown impacts on GI mobility and 
community structure

• Few bacterial strains sequenced (13 found in NCBI)

• Few phages identified (19 sequenced)

Work Done with DOE SULI 
Summer Intern Catherine Ly

Identified 10 prophages and validated 1 
which has 3 members in cluster 



Conclusions

• Bacterial genomes are a rich source of prophages

• We have developed a large prophage database

• Our phage platform is agnostic and can be rapidly implemented to make phages 
that kill or phages with cargo

• Engineered prophages are capable of killing P. aeruginosa in vivo and in vitro

• We have discovered many phages for energy applications in Burkholderia and 
Streptomyces
• Currently working to convert into phages for cargo delivery
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