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US DOE Joint Genome Institute

Microbial Finishing at JGI 
Alla Lapidus, Patrick Chain, Cliff Han, Eugene Goltsman, Michele Martinez, Stephanie Malfatty, Olga Chertkov, Stephan Trong, 

Tom Brettin, Roxanne Tapia, Alex Copeland, Paul Richardson. 
*Correspondence alapidus@lbl.gov

The U.S. Department of Energy (DOE) established the Microbial Genome 
and GTL programs to determine the complete genome sequence of a 
number of microbes that may be useful to DOE in carrying out its
missions (which include research of new energy sources, sequester 
excess atmospheric carbon affecting global climate, and to clean up 
contaminated environments). Another program was established to study 
hard-to-culture individual microbes and microbial communities. They are 
very difficult to study but play critical roles in the Earth's ecology.
JGI is a leader in performing sequences to support these programs. 
Another important specialization of the JGI is the recently started 
Community Sequencing Program 
(http://www.jgi.doe.gov/CSP/index.html).

All of the above projects include sequence and detailed analysis of 
the genomes of the different representatives of the microbial world.  A 
completely sequenced, high quality genome is a perfect starting point for 
the genome annotation (http://img.jgi.doe.gov/v1.1/main.cgi), 
microarrayes, knockout experiments etc. Despite the fact that drafted 
genome contains a sufficiently large amount of information to be usable, 
a completed and polished one is overall a better product especially if it 
will be used to analyze previously unknown and difficult-to-cultivate 
microbes; for the comparative analysis of the clinical isolates or for the 
creation of microbial strains overproducing different proteins and amino 
acids. Knowledge of the completely finished genome will allow scientists 
to modify specific regions of the genome and therefore to affect the 
expression of the gene being studied. The study of the potential usage of 
microorganisms as new energy sources requires a complete knowledge 
of the genomes sequence as well.

Thus in order to be able to realize these and many other studies, it 
is necessary to close most (if not all) of the genomes being sequenced at 
JGI. To this date JGI has accumulated a significant amount of experience 
closing the microbial genomes. During the last two years the combined 
efforts of three groups (LANL, LLNL and PGF) allowed to finish 45 
microbial projects. Our goal is to fulfill the needs of all of the projects 
undertaken by JGI and complete no less than 50 genomes per year.
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Microbial Finishing steps

QD  QD  --> > draft assemblydraft assembly

Repeat resolution (automated and manual)Repeat resolution (automated and manual)

Primer walkPrimer walk

More repeat resolutionMore repeat resolution

Assembled genome Assembled genome --> > closedclosed

Polishing (quality improvement) Polishing (quality improvement) --> > polishedpolished

Assembly QA (Stanford) Assembly QA (Stanford) --> > FINISHEDFINISHED

Finishing Check List/Standards

•All low quality areas (<Q30) reviewed and re sequenced.  
•Final error rate < 0.2 per 10 Kb.
•No single clone coverage (minimum of 2X depth everywhere)
•Manually inspected and quantified single stranded regions.
•Checked all high quality discrepancies.
•Final sequence has no strings of xxxx anywhere
•All repeats verified (paired ends and PCR if necessary).
•Check ends of final contigs (chromosomes, plasmids) 
•Final Assembly QC
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Name Status Name Status
Anabaena variabilis Complete Finished Acidiphilium cryptum JF-5 Finishing
Bacillus anthracis Sterne Complete Finished Acidobacterium Ellin345 Finishing
Bacillus thuringiensis 9727 Complete Finished Acidothermus cellulolyticus  8747 / 11B Finishing
Bacillus thuringiensis ALH Complete Finished Actinobacillus succinogenes 130Z Finishing
Bacillus thuringiensis Zebra killer Complete Finished Bacillus cereus KBAB4 Finishing
Brucella abortus 2308 Complete Finished Bacillus cereus NVH391-98 Finishing
Burkholderia cepacia R-18194 Complete Finished Bradyrhizobium sp. BTAi1 Finishing
Burkholderia xenovorans LB400 Complete Finished Burkholderia ambifaria AMMD Finishing
Cytophaga hutchinsonii ATCC 33406 Complete Finished Burkholderia cenocepacia AU1054 Finishing
Dechloromonas aromatica RCB Complete Finished Burkholderia cenocepacia HI2424 Finishing
Desulfovibrio desulfuricans G20 Complete Finished Burkholderia cepacia R-1808 Finishing
Ehrlichia canis Jake Complete Finished Burkholderia strain 383(ex R-18194) Finishing
Ehrlichia chaffeensis sapulpa Complete Finished Burkholderia vietnamiensis strain G4 (R1808)Finishing
Francisella philomiragia 2773039 Complete Finished Caldicellulosiruptor saccharolyticus  Finishing
Francisella tularensis LVS Complete Finished Chloroflexus aurantiacus J-10-fl Finishing
Francisella tularensis OR-960463 Complete Finished Dehalococcoides sp. BAV1 Finishing
Francisella tularensis SchuS4 Complete Finished Desulfotomaculum reducens MI-1 Finishing
Haemophilus somnus 129PT Complete Finished Desulfotomaculum-Like-Organism  Finishing
Methanosarcina barkeri fusaro Complete Finished Desulfuromonas acetoxidans Finishing
Moorella thermoacetica ATCC 39073 Complete Finished Francisella tularensis U112 Finishing
Nitrosococcus oceani ATCC 19707 Complete Finished Frankia sp. CcI3 Finishing
Nitrosomonas europaea Complete Finished Geobacter metallireducens GS-15 Finishing
Nitrosospira multiformis Surinam Complete Finished Geobacter uraniumreducens RF4 Finishing
Nostoc punctiforme ATCC 29133 Complete Finished Halorhodospira halophila  SL1 Finishing
Prochlorococcus marinus MED4 Complete Finished Lactobacillus reuteri DSM 20016T Finishing
Prochlorococcus marinus MIT9313 Complete Finished Marinobacter aquaeoloi Finishing
Prochlorococcus sp. MIT9312 Complete Finished Methanococcoides burtonii DSM 6242 Finishing
Prochlorococcus sp. Natl.12a Complete Finished Methanosaeta thermophila PT Finishing
Pseudomonas fluorescens PfO-1 Complete Finished Methylobium petroleophilum PM1 Finishing
Pseudomonas syringae B728a Complete Finished Mono Lake gammaproteobacter  MLHE-1 Finishing
Psychrobacter sp. 273-4 Complete Finished Mycobacteria flavescens Pyr-1 Finishing
Ralstonia eutropha JMP-134 Complete Finished Nitrobacter hamburgensis X14 Finishing
Rhodopseudomonas palustris CGA009 Complete Finished Nitrobacter winogradskyi Nb-255 Finishing
Rhodospirillum rubrum ATCC 11170 Complete Finished Nitrosomonas eutropha C71 Finishing
Rubrivivax gelatinosus PM1 Complete Finished Polaromonas napthalenivorans sp. nov CJ2 Finishing
Saccharophagus degradans 2-40 Complete Finished Pseudoalteromonas atlantica T6c Finishing
Synechococcus  WH8102 Complete Finished Pseudomonas putida F1 Finishing
Synechococcus elongatus PCC7942 Complete Finished Ralstonia metallidurans CH34 Finishing
Synechococcus sp. CC9605 (Oligotrophic) Complete Finished Rhodopseudomonas palustris BisA53 Finishing
Synechococcus sp. CC9902 (Coastal) Complete Finished Rhodopseudomonas palustris BisB18 Finishing
Thermobifida fusca YX Complete Finished Rhodopseudomonas palustris BisB5 Finishing
Thiomicrospira crunogena XCL-2 Complete Finished Rhodopseudomonas palustris HaA2 Finishing
Prochlorococcus sp. ACM A12II Complete Draft Shewanella putrefaciens CN-32 Finishing
Rhodobacter sphaeroides ATCC17025 Complete Draft Shewanella sp. ANA-3 Finishing
Rhodobacter sphaeroides ATCC17029 Complete Draft Shewanella sp. MR-4 Finishing
Acid Mine Drainage #1 Complete Draft Shewanella sp. MR-7 Finishing
Ignicoccus sp. KIN4/I Complete Finished Shewanella sp. PV-4 Finishing
Anaeromyxobacter dehalogenans, 2CP-C Complete Finished Shewanella sp. W3-18-1 Finishing

Staphylococcus aureus JH1 VISA strain? Finishing
Staphylococcus aureus JH9 VISA strain? Finishing
Streptococcus suis 89/1591 Finishing
Syntrophobacter fumaroxidans MPOB Finishing
Thiomicrospira denitrificans Finishing
Xanthobacter autotrophicus Py2 Finishing

Name Status Name Status
Aspergillus niger Production Caldivirga maquilingensis Awaiting DNA
Bacillus selenitireducens MLS-10 Production Caulobacter  K31 Awaiting DNA
Clostridium phytofermentans Production Chloroflexus aggregans Awaiting DNA
Clostridium sp. OhiLAs Production Chloronema sp. UdG9001 Awaiting DNA
Dehalococcoides sp. VS Production Chlorothrix halophila "Candidatus" Awaiting DNA
Flavobacterium johnsoniae UW 101 Production Chthoniobacter flavis Awaiting DNA
Geobacter sp. FRC-32 Production Fervidobacterium nodosum RT17-B1 Awaiting DNA
Halothermothrix orenii Production Heliothrix oregonensis Awaiting DNA
Korarchaeota enrichment culture  Production Herpetosiphon aurantiacus DSM 785 Awaiting DNA
Lactobacillus reuteri 100-23 Production Iron Mountain AMD Site 1 Awaiting DNA
Lake W ashington formaldehyde FA Production Iron Mountain AMD Site 2 Awaiting DNA
Lake W ashington formate F Production Maricaulis maris Awaiting DNA
Lake W ashington methane CH4 Production Marinitoga piezophila Awaiting DNA
Lake W ashington methanol M Production Micromonas pusilla CCMP1545 Awaiting DNA
Lake W ashington methylamine MA Production Obsidian Hot Spring  Awaiting DNA
Micromonas pusilla NOUM17 (RCC 299) Production Opitutus terrrae Awaiting DNA
Mono Lake deltaproteobacter  MLMS-1 Production Petrotoga mobilis SJ95t Awaiting DNA
Mycobacterium sp. JLS Production Phycovirus MpV-06T Awaiting DNA
Mycobacterium sp. KMS Production Phycovirus MpV-12T Awaiting DNA
Mycobacterium sp. MCS Production Phycovirus PgV-01T Awaiting DNA
Mycobacterium vanbaalenii Pyr-1 Production Phycovirus PgV-03T Awaiting DNA
Mycospaerella gramilica 323 Production Phycovirus PgV-05T Awaiting DNA
Nectria  haematococca MPV1, strain 77-13-4Production Phycovirus PgV-12T Awaiting DNA
Postia placenta MAS 698 Production Phycovirus PgV-14T Awaiting DNA
Psychromonas ingrahamii Production Phycovirus PgV-18T Awaiting DNA
Shewanella baltica OS195 Production Polynucleobacter necessarius E24 Awaiting DNA
Thermofilum pendens Production Pyrobaculum arsenaticum Awaiting DNA
Acidovorax avenae subsp. Citrulli Library Pyrobaculum calidifontis Awaiting DNA
Acidovorax JS42 Library Pyrobaculum islandicum Awaiting DNA
Acidovorax symbiont EF01-2 Library Roseiflexus castenholzii Awaiting DNA
Akkermansia muciniphila Library Salinospora arenicola Awaiting DNA
Aureococcus anophageggerens clone 1984 Library Terephthalate degrading community  Awaiting DNA
Bacillus coagulans 36D1 Library The Cedars Alkaline Springs  Awaiting DNA
Calyptogena magnifica symbiont Library Thermoanaerobacter ethanolicus X514 Awaiting DNA
Halorubrum lacusprofundi Library Thermoproteus neutrophilus Awaiting DNA
Methanocorpusculum parvum XIII Library Thermosipho africanus Ob7 Awaiting DNA
Methanoculleus marisnigri Library Thermotoga lettingae TMA Awaiting DNA
Methanothermus fervidus Library Thermotoga naphthophila RKU-10 Awaiting DNA
Phycovirus MpV-02T Library Thermotoga petrophila RKU-1 Awaiting DNA
Phycovirus MpV-03T Library Species  V3 Awaiting DNA
Phycovirus PgV-04T Library Alaskan soil  Pending
Roseiflexus sp. RS1 Library Antarctic marine bacterioplankton #1 Pending
Salinospora tropica CNB440 Library Antarctic marine bacterioplankton #2 Pending
Sinorhizobium medicae W SM419 Library Desulfovibrio vulgaris DP4 Pending
Staphylothermus marinus Library Enriched crenachaeote phylotype C1b.A1 Pending
Victivallis vadensis Library Euryarchaeota sp. WTF-1 Pending

Hypersaline microbial mat  Pending
Hypersaline microbial mat  Pending
Korachaeota  Pending
Nitrosomonas isolate IS-79 Pending
Nitrosomonas oligotopha Nm45 Pending
Termite gut 16s  Pending
Termite gut metagenome  Pending
Treponema primitia ZAS-1 Pending
Unknown  QWL-P1DMWA-1 Pending
Verrucomicrobia sp. 2D6 Pending

Status Total Description
Complete Finished 44 Project completed to finish standards
Complete Draft 4 Project completed to draft standards
Finishing 55 Draft phase complete, Finish phase underway
Production 27 Libraries completed and draft sequencing underway
Library 19 Libraries under construction for drafting
Awaiting DNA 40 Awaiting DNA for initiation of library construction
Pending 16 Statement of Work incomplete for project
Grand Total 205

Finishing Statistics

Taxa Total
archaea 16
bacterium 150
environmental sa 19
eukaryon 7
symbiont 2
virus 11
Grand Total 205

In February 2004, the JGI launched 
the Community Sequencing Program 
(CSP).

2004:
24 proposals accepted
10 microbial projects

2005:

135 applications; 
50 – microbes

http://www.jgi.doe.gov/CSP/

(Poster: “Integrated Microbial Genomes (IMG): New Data and Functionality in Version 
1.2”, Victor M. Markowitz, Frank Korzeniewski et.al)
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Repeats can make assembly ambiguous, with several possible layouts being 
equally likely

Repeats can be up to 5 kb and more in length - plasmid clone inserts are too 
short to span them (~3 kb).   Libraries with larger inserts may provide an 
answer
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An average sequencing read is ~650-700 bp.  When in a repeat it is 
impossible to tell which copy it belongs to
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