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- == |MG 2.8: What’s New

IMG 2.8 is the 16th release of the Integrated Microbial Genomes (IMG) genomic data
management and analysis system. IMG 2.8 was released on April 6™, 2009.

IMG 2.8 Content

Genomes

The content of IMG 2.8 has been updated with new microbial genomes available in RefSeq
version 33 (January 22, 2009). IMG 2.8 contains a total of 4,890 genomes consisting of 1,284
bacterial, 59 archaeal, 49 eukaryotic genomes, 2,524 viruses (including bacterial phages), and
974 plasmids that did not come from a specific microbial genome sequencing project. Among
these genomes, 4,355are finished genomes, and 535 are draft genomes.

The following eukaryotic genomes have been added to IMG 2.8:
1. Fungi
a. Malassezia globosa CBS 7966
b. Enterocytozoon bieneusi H348
c. Saccharomyces cerevisiae AWRI1631
d. Aspergillus oryzae RIB40
e. Saccharomyces cerevisiae YIM789
2. Alveolata
a. Babesia bovis T2Bo
b. Plasmodium berghei
c. Plasmodium chabaudi chabaudi
d. Plasmodium vivax Sal-1

Note that 28 microbial genomes from IMG 2.7 were replaced in IMG 2.8 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genome has been replaced by its "Finished" version or (2) the composition of the genome has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
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genomes, the gene object identifiers (gene OIDs) for the protein-coding genes (CDS) were
mapped to their new version in IMG. 2.8. See IMG Data Evolution History for details.

tRNA and rRNA (23S, 16S, 5S) genes missing from original RefSeq genome files are added
using tRNAscan-SE v1.23 for tRNA genes and similarity comparisons to existing RNA genes. In
IMG 2.8 434 tRNA, 264 rRNA and 6,662 misc_RNA genes were added in 546 genomes.

A chromosomal cassette, which is defined as a stretch of protein coding genes with intergenic
distance smaller or equal to 300 base pairs, has been extended to include genes on the same
or different strands®.

The functional characterization of genomes has been extended with KEGG Orthology (KO)
terms which serve as the main vehicle for associating IMG genomes with KEGG pathways.
IMG genes are associated with KO terms as follows:

1. First, IMG genes that could be mapped to genes in KEGG's list of genes, were assigned
the KO terms associated with the corresponding KEGG gene. The IMG to KEGG gene
mapping was based on using NCBI's Gl numbers and GenelDs.

2. For IMG genes that were not mapped to KEGG genes in the first stage above, BLASTP was
run against the database of KEGG genes, with soft masking (-F 'm S') for low complexity
regions turned on. The results of this search are organized in a list of candidate KO
assignments, where an E-value cutoff of 1e-2 for the top 25 KEGG gene hits is employed.
This list of KO assignments is used for searching potentially “missing KO terms”. KO terms
are assigned to IMG genes using a subset of this list, where the threshold defined by an E-
value cutoff of 1e-5, KO assignment rank of 5 or better, and alignment percentage of at least
70% over the length of the IMG query gene and KEGG subject gene.

Y In IMG 2.7, only genes on the same strand or divergent genes were considered, while convergent genes
were not included in a chromosomal cassette.


http://durian.jgi-psf.org/cgi-bin/img_i_v240/main.cgi?section=DataEvolution
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IMG Statistics

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 2.7, IMG 2.8
contains 5,504,487 genes, an increase of 574,141 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 four

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 2.8 User Interface

The User Interface (Ul) has been extended in order to improve its overall functionality and
usability.

The main Ul changes include:

(&) New features

() The Genome by Metadata link on IMG’s home page provides access to a classification
of the archaeal, bacterial and eukaryotic genomes by several metadata categories.

(i) The KEGG collection of pathways has been reorganized and updated using the
enhanced collection of KEGG resources, including KEGG Orthology (KO) terms and
KEGG pathway modules.

(b) Extended features
(i) The Genome Statistics of Organism Details has been extended with counts of

“Protein coding genes connected to KEGG Orthology (KO) terms” and “Protein coding
genes connected to SwissProt Protein Products”.

(i) Gene Details has been extended to include SwissProt Protein Products (when
available), KEGG Orthology (KO) term, and KO Modules. For genes without a product
name, a Find Candidate Product Name tool provides a list of candidate protein product
names.

(iii) Missing enzymes feature has been adapted to the new KO term based enzyme
annotations. Missing enzymes can be examined using either a KEGG Pathway Map for
a genome of interest or a Functional Profile involving genomes and enzymes of
interest.
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New Features

Genome by Metadata

The Genome by Metadata link on IMG’s home page provides access to a classification of the
archaeal, bacterial and eukaryotic genomes by several metadata categories, as illustrated in
Figure 1 (i).
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FIGURE 1. Genome by Metadata Category Classification.

Note that only a subset of the metadata categories available under Genome Search are
provided, namely categories with controlled vocabularies of less than ten values. The metadata
values are taken from GOLD (http://www.genomesonline.org/) and therefore reflect the level of
information collection and curation in this resource.



http://www.genomesonline.org/
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Find Functions — KEGG Orthology Terms & Pathways

The KEGG collection of pathways in IMG has been reorganized and updated using the
enhanced collection of KEGG resources?, including KEGG Orthology (KO) terms and KEGG
pathway modules.

From the Find Function top-level menu, the KEGG option on the second-level menu leads to
the KEGG Orthology Terms and Pathways browser, as shown in Figure 2(i). KEGG Orthology
(KO) terms identify orthologous groups of genes organized using the BRITE functional hierarchy
(http://www.genome.jp/kega/brite.html - see Figure 2(ii)).
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KEGG BRITE is a collaction of hierarchical classifications representing our knowledge on various
aspects of biological systems. In contrast to KEGG PATHWAY, which is limited to molecular
interactions and reactions, KEGG BRITE incorporates many different types of relationships. Thus, the
mapping of genomic and molecular data to KEGG BRITE (by the KO system shown below)
supplements the KEGG PATHWAY mapping for inferring higher-order functions.
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FIGURE 2. Find Functions — KEGG: KEGG Orthology Terms.

Each KO identifier (called K number) provides a link to the corresponding KEGG Orthology term
specification, as illustrated in Figure 2(iii). The definition associated with a KO term provides a
link to the list of IMG genes associated with that KO term, as illustrated in Figure 2(iv).

KO Term Distribution across protein families in IMG, genomes and paralog clusters in IMG
helps assessing the consistency of protein family annotations in IMG:

1. The KO Term Distribution across Protein Families, illustrated in Figure 3(i), lists for each
KO term the number of different COGs, Pfams, and TIGRfams it is associated with across

% Kanehisa & al. (2008) KEGG for linking genomes to life and the environment. Nucleic Acids Research,
36 (Database Issue): D480-484.


http://www.genome.jp/kegg/brite.html
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all the genes in IMG. The number of unique (COG, Pfam, TIGRfam) combinations
associated with each KO term as part of an IMG gene annotation is also provided, whereby
the details for these combinations can be examined using the Details of KO Term
Distribution across Protein Families page, as illustrated in Figure 3(ii). For a specific
(query) KO term, this page lists for each unique (COG, Pfam, TIGRfam) combination:

o the number of genes associated with the query KO term and this (COG, Pfam,
TIGRfam) combination;

e the number of genes associated with this (COG, Pfam, TIGRfam) combination and a
KO term different from the query KO term, including genes associated with multiple
KO terms and a query KO term as one of them;

e the number of genes associated with this (COG, Pfam, TIGRfam) combination and a
KO term different from the query KO term, and not associated with the query KO
term;

o the number of genes associated with this (COG, Pfam, TIGRfam) combination and
not associated with any KO term.
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FIGURE 3. Find Functions — KEGG: KO Term Distribution across Protein Families in IMG.

2. The KO Term Distribution across Genomes and Paralog Clusters, illustrated in Figure
4(i), lists for each (query) KO term:

o the number of genes associated with the query KO term;
e the number of genomes that have genes associated with the query KO term;
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e average number of genes associated with the query KO term per genome;

& this metric helps identify KO terms that were assigned to multiple genes in
the same genome, either by mistake or because these terms correspond to
sequence similarity-based families rather than function-based groups;

e the number of genes associated with the query KO term that belong to paralog
clusters; the list of these genes is provided in a separate page, where one can
examine the paralogs annotated with the query KO term within each genome;

& this metric indicates the likelihood of incorrect annotations due to the
presence of paralogs.

¢ the number of genes associated with the query KO term, and that have a paralog
annotated with the same KO term; the list of these genes is provided in a separate
page, as illustrated in Figure 4(ii), where one can examine the paralogs annotated
with the query KO term within each genome;

& this number helps identifying incorrectly annotated paralogous genes.

e average % identity between the paralogs annotated with the same KO term;

& if % identity is high (e.g, above 80%), annotation of both paralogs with the
same term is likely correct; % identity is low (about 30%), the annotation is
likely incorrect.
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FIGURE 4. Find Functions — KEGG: KO Term Distribution across Genomes and Paralog Clusters.

Two KEGG Pathway browsers are available. The KEGG Pathways via KO Terms browser,
illustrated in Figure 5(i), displays the KEGG pathways organized in KEGG Modules, which
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represent smaller functional units, such as sequences of reactions and regulatory units. For a
KEGG pathway, the KEGG Pathway Details provides the list of KO terms associated with a
functional unit in each KEGG module in the pathway, as illustrated in Figure 5(ii). For a KEGG
Module, a similar KEGG Module Details provides the list of KO terms associated with a
functional unit in the KEGG Module, as illustrated in Figure 5(iii).

For each KO term, the number of genes associated with this term is also provided, together with
a link that leads to the list of these genes. By clicking on the left-column checkbox for a KO term
entry in the KEGG Pathway Details or KEGG Module Details page, KO terms can be added to
the Function Cart for further analysis.
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FIGURE 5. Find Functions — KEGG: KEGG Pathways via KO Terms.

The KEGG map associated with a KEGG pathway or KEGG module can be displayed for a
selected genome, as shown in Figure 5(iv).

The alternative KEGG Pathways via EC Numbers browser, illustrated in Figure 6(i), displays
the KEGG pathways organized in pathways categories similar to those used in IMG 2.7. For a
KEGG pathway, the KEGG Pathway Details provides the list of EC numbers that are part of
the KO terms associated with a functional unit in the KEGG pathway, as illustrated in Figure

6(ii).
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FIGURE 6. Find Functions — KEGG: KEGG Pathways via EC Numbers.

For each EC number, the number of genes associated with this enzyme is also provided,
together with a link that leads to the list of these genes. By clicking on the left-column checkbox
for an enzyme entry in the KEGG Pathway Details, enzymes can be added to the Function
Cart for further analysis.
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Extended Features

Organism Details —Genome Statistics

The Genome Statistics of Organism Details has been extended with counts of “Protein coding
genes connected to KEGG Orthology (KO) terms” and “Protein coding genes connected to
SwissProt Protein Products”, as illustrated in Figure 7(i). SwissProt product names
(see http://ca.expasy.org/sprot/), which are manually curated and therefore considered of high
quality, can be examined via links to their SwissProt definition page, as illustrated in Figure 7(ii).

The Compare Gene Annotations tool available on the Organism Details page has been
extended to include the KO term and SwissProt annotations, as illustrated in Figure 7(iii).
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FIGURE 7. Genome Statistics- Genes with KEGG Orthology terms, SwissProt Protein Products.
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Gene Details — KO terms, KEGG Modules

The Gene Details page has been extended to include SwissProt Protein Products (when
available), KEGG Orthology (KO) term, and KO Modules, as illustrated in Figure 8(i). For genes
without a protein product name, such as that shown in Figure 8(i), the Find Candidate Product
Name tool provides a list of candidate protein product names from related (sequence similarity
based) genes, as illustrated in Figure 8(ii).

1
Gene Detail (i) Find Product Name Search Resulls (i)
Gene Information ) _ _
Candidate Gene (OID: 638190533): hypathetic protein
Gene Information
B F—— Genome Name Themmoplasea voleanium GSS1
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- type ATP synthase subunit et "‘E’:“ moudm'::'me Tl_:.l[jm Tg ole Conerne r:;::m mlgnr:ent hnqg:\ent Eusue ?'[m —_— o0 o
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Amino Acid Sequence Length 356aa
537 . ealvacuolir ATP synthate Al
€os £OGLAY - Archasalvacuolar SULSE (bt © A 6273 T00e141 | 494 Archasalvacocr-type | syntbase
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amilies - IPRO08266 Tyrosine proteif B subut
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Signal Peptide No Hh E:P"‘ e AF pnMorog B0 A2 | 266 He-ATPae swhonit C | (CAC3S)
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: plRmILY>. - VALF-synt 638393667 | ATP synthase A|p|Semm i 100060 | 258 P R ar-ype
Pathway Information adamcys Ferl He-ATPase subunit C
Enzymes EC:363 14 - H(+)-transporting ATP ATP
KEGG Orthology (KO) Termr2= KO:K02118 ATPVC, ntpC V- ; " 2330 200021 | 10g] YPibese Archasalvacochartype | synthase
— : Bl e = SR ALC HeATPaesbenit C | (CIACH)
KEGG Pathway Omidative phosphorviation bunit i
CE= V.tvps ATPase (Prokarvotes) e r:r.asa Archasal vacuolar-type :?has'
X b | anraechi DEM 134 . 3 et .y | synibase  Archasalvacuolartype | synibase
KEGG Orthology (KO) Modulés AlF "f"’.“'? D& 13 022101 B L Toe subemit A
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FIGURE 8. Gene Details - KEGG Orthology term and modules, SwissProt Protein Product.

Missing Enzymes — KEGG Maps & Function Profile

Genomes may have potentially “missing” associations with functional units (e.g., reactions) on
KEGG pathways. Such associations, which are based on KO terms assigned to genes, are
called missing enzymes. Missing enzymes can be examined using either a KEGG Pathway
Map for a genome of interest or a Functional Profile involving genomes and enzymes of
interest, as illustrated in Figure 9.

Once a KEGG pathway is selected using the KEGG Browser under Find Functions, you can
view its map for a selected genome using the “Find missing enzymes” option, as illustrated in
Figure 9(i). On the KEGG Map, such as that shown in Figure 9(ii), enzymes that are associated
with genes of the target genome are colored blue, while so called “missing” enzyme are colored
either green, for enzymes that have a candidate KO term hits to genes of the target genome, or
white for enzymes without such hits. Clicking on a missing enzyme will lead to a Find
Candidate Genes for Missing Function page, as shown in Figure 9(iii). Note that selection of
a (green colored) missing enzyme that has a KO term hit enhances the chances of finding for it
good candidate genes.
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FIGURE 9. Examining Missing Enzymes via a KEGG Pathway Map or Function Profile.

You can find candidate genes of your target genome that could be associated with a missing
enzyme by searching for genes that have homologs/orthologs associated with the missing
enzyme, as illustrated in Figure 9(iii). You can search across all the genomes available in the
system, across a subset of genomes within a certain domain/phyla/class, or only across the
selected genomes. You can change the default values set for percent identity and e-value
cutoffs and the number of retrieved homologs. Alternatively, you can employ KO terms for
finding genes that could be associated with the “missing” enzyme. You can change the default
values set for percent identity, e-value, and percent alignment cutoffs. The result of the search
for candidate genes consists of a list of genes, as illustrated in Figure 9(iv), that can be selected

and included into the Gene Cart.

In the result for a Function Profile involving enzymes, missing enzymes are identified by a “0".
Clicking on the “0” identifying a missing enzyme, as shown in Figure 9(v), will also lead to a
Find Candidate Genes for Missing Function page.
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