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IMG 3.0 is the 18™ release of the Integrated Microbial Genomes (IMG) genomic data
management and analysis system. IMG 3.0 was released on December 21%, 2009.

IMG 3.0 Content
Genomes

The content of IMG 3.0 has been updated with new microbial genomes available in RefSeq
version 37 (June 02, 2009). IMG 3.0 contains a total of 5,558 genomes consisting of 1,748
bacterial, 77 archaeal, 76 eukaryotic genomes, 2,606 viruses (including bacterial phages), and
1,051 plasmids that did not come from a specific microbial genome sequencing project. Among
these genomes, 4,650 are finished genomes, and 904 are draft genomes, and 4 are
permanent draft (i.e. will never be finished) genomes.
The following fungal genomes have been included into IMG 3.0:
1. Ajellomyces capsulatus NAm1
Aspergillus clavatus NRRL 1
Aspergillus flavus NRRL3357
Botryotinia fuckeliana B05.10
Candida dubliniensis CD36
Candida tropicalis MYA-3404
Chaetomium globosum CBS 148.51
Coccidioides immitis RS
Coprinopsis cinerea okayama7#130
10 Laccaria bicolor S238N-H82
11. Lachancea thermotolerans CBS 6340
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12. Lodderomyces elongisporus NRRL YB-4239
13. Moniliophthora perniciosa FA553

14. Neosartorya fischeri NRRL 181

15. Penicillium chrysogenum Wisconsin 54-1255
16. Penicillium marneffei ATCC 18224

17. Phaeosphaeria nodorum SN15

18. Pichia guilliermondii ATCC 6260

19. Pichia pastoris GS115

20. Podospora anserina DSM 980

21. Postia placenta Mad-698-R

22. Pyrenophora tritici-repentis Pt-1C-BFP

23. Schizosaccharomyces japonicus yFS275
24. Sclerotinia sclerotiorum 1980 UF-70

25. Talaromyces stipitatus ATCC 10500

26. Vanderwaltozyma polyspora DSM 70294
27. Zygosaccharomyces rouxii CBS 732

Note that 42 microbial genomes from IMG 2.9 were replaced in IMG 3.0 because (1) a "Draft"
genome has been replaced by its "Finished" version or (2) the composition of the genome has
changed through the addition of new replicons (plasmids, chromosomes). For replaced
genomes, the gene object identifiers (gene OIDs) for the protein-coding genes (CDS) were
mapped to their new version in IMG. 3.0. See IMG Data Evolution History for details.

The MetaCyc (http://www.metacyc.org/) pathways in IMG 3.0 have been updated with MetaCyc
version 13.5 released on Oct 7, 2009 (http://biocyc.org/metacyc/release-notes.shtml).

KEGG pathways, modules, compounds, reactions and KO terms have been updated based on
KEGG release 52.0 (October 1, 2009: http://www.genome.jp/kegg/docs/relnote.html).

The Pfam collection of protein domain families has been updated based on Pfam version 24.0
(October 2009: http://pfam.sanger.ac.uk/). Pfam clans (http://pfam.sanger.ac.uk/browse) are
provided as an additional classification of Pfam domain families.

Genes in IMG involved in regulatory interaction experiments controlling their expression are now
linked to RegTransBase (http://regtransbase.lbl.gov) RegTransBase is a database of regulatory
sequences and regulatory interactions on the transcriptional and posttranscriptional levels in
prokaryotic genomes, that contains experimental data and predicted sites published in scientific
journals.

IMG 3.0 also contains proteomic data from recent Arthrobacter chlorophenolicus study?,
Cryptobacterium curtum, and Brachybacterium faecium studies.

! Unell, M., Abraham, P.E., Shah, M., Zhang, B. et al. (2009) Impact of Phenolic Substrate and Growth
Temperature on the Arthrobacter chlorophenolicus Proteome. J. Proteome Res. 8 (4): 1953-1964.


http://durian.jgi-psf.org/cgi-bin/img_i_v240/main.cgi?section=DataEvolution
http://www.metacyc.org/
http://biocyc.org/metacyc/release-notes.shtml
http://www.genome.jp/kegg/docs/relnote.html
http://pfam.sanger.ac.uk/
http://pfam.sanger.ac.uk/browse
http://regtransbase.lbl.gov/
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IMG Statistics

A new sequencing status, permanent draft, designating genomes that are not targeted for
finishing, is available for genomes in IMG 3.0. Four genomes in IMG 3.0 have been specified as
permanent draft, as illustrated in the figure below.

Various statistics are provided via the IMG Statistics link on the home page of IMG, as shown
below, including IMG Total Gene Count which consists of counting all the genes (protein
coding genes, RNA genes) in IMG, except obsolete genes. Compared to IMG 2.9, IMG 3.0
contains 7,540,500 genes, an increase of 1,026,256 genes.
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The Content History link on the home page of IMG leads to a bar chart, as illustrated above,
representing the growth of IMG in terms of number of genomes and genes since the release of
its first version in March 2005. Note that the number of genes is recorded only for the last five
versions of the system.

The Project Map link on the home page of IMG leads to a Google Map, as illustrated above,
displaying the location of isolation sites for genomes that are associated with longitude/latitude
coordinates in GOLD (http://www.genomesonline.org/).
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IMG 3.0 User Interface

The User Interface (Ul) has been extended with two new tools: Scaffold Cart for analyzing
individual scaffolds and/or groups of scaffolds, and Artemis ACT synteny viewer for pair-wise
genome DNA sequence comparison. The Ul has been also extended to display additional
details protein expression data details.

New Features

Organism Details — Scaffold Cart

A new Scaffold Cart provides support for analyzing individual scaffolds (rather than all the
scaffolds/contigs of a genome) or groups of scaffolds, as illustrated in Figure 1.
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FIGURE 1. Scaffold Cart: Selection.

The Scaffold Cart tools provide support for analyzing genomes at the level of individual
scaffolds and contigs, such as individual chromosomes and plasmids. For a genome of interest,
such as Rhizobium leguminosarum bv. trifolii WSM1325, the selection of scaffolds and contigs
starts by following the DNA scaffolds link in the Genome Statistics section of the Organism
Details page, as illustrated in Figure 1(i). The scaffolds and contigs that are listed on the
Chromosome Viewer page can be then selected and added to the Scaffold Cart as illustrated
in Figure 1(ii), where the chromosome and one of the plasmids of Rhizobium leguminosarum
bv. trifolii WSM1325 are selected for further analysis.

Scaffold Cart provides several tools for analyzing and handling scaffolds, including tools for
including the genes of one or several scaffolds into the Gene Cart, associating a name with
selected scaffolds for further analysis, computing a function profile across selected scaffolds in
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the cart, and for examining the phylogenetic distribution of genes for one or several scaffolds in
the cart.
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FIGURE 2. Scaffold Cart: Comparing Phylogenetic Distribution of Genes.

Consider an example in which the phylogenetic distributions of best BLASTp hits are compared
for the genes on the chromosome and one of the plasmids of Rhizobium leguminosarum bv.
trifolii WSM1325, as illustrated in Figure 2(i). The phylogenetic distribution of the best BLASTp
hits for the genes of the chromosome, shown in Figure 2(ii), indicates that the vast majority of
the genes have their best BLASTp hits within the class of Alphaproteobacteria with greater than
90% identity. Furthermore, the majority of the hits to Alphaproteobacteria turn out to be to the
members of Rhizobiaceae family and the genus Rhizobium, again with greater than 90%
sequence identity (not shown). Conversely, only a small fraction of the plasmid genes have hits
with greater than 90% identity to organisms from Alphaproteobacteria, as shown in Figure 2(iii),
and the distribution of the hits between the members of Rhizobiaceae family is quite different
from that of the chromosomal genes. These differences indicate that while the majority of
chromosomal genes are vertically inherited, the plasmid carries a number of genes that may
have been horizontally transferred from other lineages and may reflect a broader host specificity
of this plasmid.
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Synteny Viewers — Artemis ACT

ACT (Artemis Comparison Tool) is a viewer based on Artemis that allows examining pair-wise
genome DNA sequence comparisons, as illustrated in Figures 3 and 4. ACT is grouped together
with VISTA and Dotplot viewers under the new Synteny Viewers submenu of Comparing
Genomes, as illustrated in Figure 3(i).
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FIGURE 3. Artemis ACT: Genome and Contig Selection and Ordering.

The first step of using ACT involves selecting up to 5 genomes of interest, as illustrated in
Figure 3(ii), where Ralstonia eutropha JMP134 and Ralstonia metallidurans are selected from
the list of genomes. Two filters (Sequencing Status, Domain) can be used for reducing the list of
all genomes available in IMG. The selected genomes are compared in pairs, where the pairs
are determined by the order in which the genomes were selected. For example, if genomes G1,
G2, G3, and G4 were selected, the G1 will be compared to G2, G2 will be compared to G3, and
G3 will be compared to G4. The pairwise comparisons can be adjusted using the Pairwise
Selection page, as illustrated in Figure 3(iii), where by typing “2” in the “Order” column for
Ralstonia eutropha JMP134, the order of the two selected genomes is switched, as illustrated in
Figure 3(iv).

Next, all the scaffolds and contigs of the selected genomes are displayed in the Contig
Reorder page, as illustrated in Figure 3(v). This page can be used to remove the contigs that
should not be included in the comparison, as well as for reordering the contigs that are included
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in the comparison. In the example shown in Figure 3(v), the plasmids for both Ralstonia
eutropha JMP134 and Ralstonia metallidurans are marked as “ignored”, while the order in
which the chromosomes will be displayed with ACT is left unchanged. The Contig Reorder
page can be refreshed using the “Update” button, in order to remove the contigs marked as
“‘ignored”, as illustrated in Figure 4(i).

Once the list of contigs involved in the comparison and their order has been finalized, several
files are prepared for ACT, as illustrated in Figure 4(ii), including the FASTA and Genbank files
for each genome and the result of Mega BLAST.
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FIGURE 4. Artemis ACT: Computing MEGABLAST and displaying comparisons.

ACT allows comparing genome sequences and associated annotations?, as illustrated in Figure
4 (iii). ACT allows examining regions of similarity, insertions and rearrangements. For a pair of
sequences, one is designated the query sequence and the other the subject sequence. The
sequences are joined by colored bands that represent the matching regions: red and blue bands
represent the forward and reverse matches, respectively. Double clicking on one of these bands
will centre the associated matching regions in each sequence, and the sequences can be

% Carver, T.J., Rutherford, K.M., Berriman, M. et al. (2005) ACT: the Artemis Comparison Tool.
Bioinformatics 21(16): 3422-3423.
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scrolled individually or together. A highlighted match region turns yellow and information about
that BLAST hit is shown, namely the score and percentage identity. ACT re-uses the Artemis
display the sequence and features®. ACT is written in Java and can run on any Java enabled
platform, including UNIX, Macintosh and Windows.

Extended Features

Organism Details — Protein Expression Studies

IMG 3.0 contains protein expression data from three protein expression studies. The tools for
displaying these data have been extended, as illustrated in Figure 5.

i . . . s
Organism Details (i) Studies for Genome (i)
Organism Information
Arthrobacter chlorophenolicus A6
Organism Name Arthrobacter chlorophenolicus A6
Y e e T T ey
Protein Expression Studies Protein Coding Expressed Peptides
P Study 0 Study llame Genes Genes  Observed
[ Liet of Stodies ] H[ 1 || Impact of Phenolic Substrate and Growih __ ature on the Arthrobacter chio 4641 348 413510
h 4
Experiments for Genome  (iii)
Arthrobacter chlorophenolicus A6
Sample ID Sample Description Gene Count Peptide Count Coverage
[1 Wt: 150 ppm 4-CP: Growth temp (C): 23: 6.6 ug protein: Tube 1: (Reference ] 1773 18703 105.94
2| Wi 1‘0;:53_4 CP. Gm\‘thtemp[C) 28: 6.9 ug protein: 1ub 2 (R l:ca(e 1898 22709 133.17
3| Wt: 150 ppm 4-CP; Growth temp (C): 23: 49 ug in: Tube 3 1753 21017 120.75
4| Wi 100 ppm 4-NP; Growth temp (C): 28: 11.9 ug protein: Tube 4. (Reference) 1903 21016 140.96
5 | Wi: 100 ppm 4-NP; Growth temp (C): 28: 13.2 ug protein; Tube 5: (Replicate 1) 1666 18736 155.69
6 “r IODm m 4-NP: Gmmh temp fC) "S 0 g protein; Tub- 4 Rggl:me- 1523 16178 120.12
Protein Expression Data for Sample (iv)
Wit: 150 ppm 4-CP; Growth temp (C): 28; 6.6 ug protein; Tube 1; (Reference)
Impact of Phenolic Substrate and Growth Temperature on the Arthrobacter chlorophenolicus
E Total Normalized
Gene ID Locus Tag Product Name Seq P—Ceﬁ Observed Coverage
Length =™ ' peptides’ (HSAF)?
643579894 | Achl 3978 || filamentation induced by ¢AMP protein Fic 422 3 3 0.0000671
$43579936 | Achl_3984 | hypothetical protein 115 3 4 0.0003283
643570050 | Achl 3996 || putative lysyl tRNA synthetase-like protein 101 2 2 0.0001869

FIGURE 5. Organism Details- Protein Expression Studies.

The Protein Expression Studies link on the Organism Details for a genome associated with
protein expression studies, illustrated in Figure 5(i), leads to the list of studies for the genome of
interest, as illustrated in Figure 5(ii). Each protein expression study is displayed together with
the number of expressed genes and observed peptides. The Study Name provides a link to the
list of experiments/samples for the study, as illustrated in Figure 5(iii).

* Berriman, M. and Rutherford, K. (2003) Viewing and annotating sequence data with Artemis. Brief.
Bioinformatics, 4, 124-132.
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The description for each sample consists of the experimental conditions and provides a link to
the protein expression data for the sample organized per expressed gene, as illustrated in
Figure 5(iv). For each expressed gene, the number of observed peptides and normalized
coverage (NSAF) are provided. NSAF is the coverage for an expressed gene in an experiment
divided by the total coverage of all the genes in that experiment, whereby the coverage for a
gene is defined as the sum of the sizes of all observed peptides for the gene divided by the size
of the gene”.

* Florens, L., Carozza, M.J., Swanson, S.K. et al. (2006) Analyzing chromatin remodeling complexes
using shotgun proteomics and normalized spectral abundance factors, Methods 40(4): 303-311.
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