
1

Microbial Genome & 

Metagenome Analysis:

Computational Challenges

Natalia N. Ivanova *
Nikos C. Kyrpides *

Victor M. Markowitz **

* Genome Biology Program, Joint Genome Institute
** Lawrence Berkeley National Lab

Microbial genome & metagenome analysis

General aims
Understand microbial life 
Apply to agriculture, bioremediation, biofuels, human health

Specific aims includeSpecific aims include
Predict biochemistry & physiology of organisms based on genome sequence
Explain known biochemical & physiological properties

Metabolic reconstruction 

* Ivanova & Lykidis (2009) Metabolic reconstruction. 
Encyclopedia of Microbiology, Elsevier: 607-621.
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Genome sequence data size 

Now
~1,400 microbial genomes =      5.5 mil genes 
~   100 metagenomes samples =      2.5 mil genes

Next 3 YearsNext 3 Years
~10,000 microbial genomes = 40 mil genes            (  4K  genes/genome)
~ 400 fungal genomes           =  4  mil genes            (10K  genes/genome) 
~ 200 plant genomes             =  6 mil genes             (30K  genes/genome) 
~ 500 metagenome samples   = 50 mil genes            (100K genes/sample)

Major Sequencing Centers
(Jan 2009: 4,370 projects)

Genome sequence data processing & analysis

Gene prediction Functional annotation

Genome
annotation

Metadata collection

IMG

Multi 
genome
analysis

Compare Genes via
• Sequence similarity
• Phylogenetic profiler
• Context analysis

Compare Functions
• Function profiles
• Profile search

Compare Genomes
• General statistics
• Scaffold alignment
• Genome clustering

Single 
genome
analysis

Examine Genomes
• Annotations, Viewers
• Find & Save

Examine Genes
• Annotations, viewers
• Find & Save

Examine Functions
• Browsing
• Find & Save

Missing enzymes
Candidate enzymes

Multi 
genome 
annotation
review 

Missing protein product
Candidate product

Missing genes
Candidate genes

Missing enzymes
Identify enzyme

Genome 
annotation
revision

Protein products
Change protein product

Missing genes
Include new gene

IMG ER
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IMG ER systems: community users

USA  155

Canada: 2

Europe:           41   

• Austria           6
• France           1
• Germany 14
• Greece 3
• Netherlands   4
• Russia 2

Asia:                17   

• China 2
USA: 155

Mexico:   2

• Sweden          1
• Switzerland    2
• UK 8

• Hong Kong      2
• Japan 1
• Israel    9
• Singapore 1
• Taiwan            1
• Thailand   1

• Brazil :  1

• Chile :   1
Australia:     26

New Zeeland: 2

+ ~ 350 Genomes
~ .6 Mil Genes

4,890 Genomes
5.5 Mil genes Every 4 months

IMG systems: genome/metagenome data flow

Monthly

+ 300  Samples:
~100 Studies

+ 10 Mil Genes

+ 300  Samples:
~100 Studies

+ 10 Mil Genes

+ 230 Genomes
+ .9 Mil Genes
+ 230 Genomes
+ .9 Mil Genes

~7 days

~17 days

Monthly

46  Samples: 
15 Studies

1.5 Mil genes

46  Samples: 
15 Studies

1.5 Mil genes

On demand

7 days

~14 days

~3 days

JGI Cluster
~320 cores
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IMG systems: maintenance process
Month 1 Month 2                     Month 3                     Month 4

IMG

Week        

1       2        3        4        1        2         3         4         1        2       3        4

Content New genome 
New Genome

Gene similarities Review
New genome 

Pre-processing

New genome 
Post-processing

IMG ER

IMG ER genome 
pre-processing

Gene similarities
Functional annotations

Load  New 
Genomes

Roll out

IMG ER Genome
Gene similarities

1       2        3        4

IMG/M ER
Load IMG 
baseline

IMG/M ER Genome
Phylo distribution

Load IMG 
baseline + 

GEBA genomes

1       2        3       4

Current requirements

Architectures:  Linux cluster

Typical production run:

232 cores, 4 GB/core, 500 GB data read/written

20 TB on-line storage

Data read/written: ~ 1 GB

Current primary codes and their methods or algorithms

Various flavors of BLAST
HMM protein searchesHMM protein searches

Known limitations/obstacles/bottleneck
Managing, reformatting, reordering computation results 


