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IMG 2.6 is the 14th release of the Integrated Microbial Genomes (IMG) genomic data
management and analysis system. IMG 2.6 was released on August 11", 2008.

IMG 2.6 Content

Genomes

The content of IMG 2.6 has been updated with new microbial genomes available in RefSeq
version 29 (May 9, 2008).

IMG 2.6 contains a total of 4,207 genomes consisting of 1,078 bacterial, 56 archaeal, 40
eukaryotic genomes, 2,230 viruses (including bacterial phages), and 803 plasmids that did not
come from a specific microbial genome sequencing project. Among these genomes, 3,737 are
finished genomes, and 470 are draft genomes; 308 are JGI sequenced genomes: 237 finished
and 71 draft genomes. JGI genomes are also available through individual microbial portals at
http://genome.jgi-psf.org/microbial.

Note that 16 microbial genomes from IMG 2.5 were replaced in IMG 2.6 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genome has been replaced by its "Finished" version or (2) the composition of the genome has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, that is, plasmids or chromosomes. For replaced
genomes, whenever possible, the gene object identifiers (gene OIDs) for the protein-coding
genes (CDS) were mapped to their new version in IMG. 2.6. See IMG Data Evolution History for
details.

Plasmid names were curated by adding strain names to organism name when available from
publications or other sources.

tRNA and rRNA genes (23S, 16S and 5S) missing from the original RefSeq genome files are
added using tRNAscan-SE v1.23 for tRNA genes and similarity comparisons to existing RNA
genes. In IMG 2.6 928 tRNA and 202 rRNA genes were added in 167 genomes.

In terms of total number of genes, IMG 2.6 contains 4,694, 263 genes, an increase of 957,615
genes compared to IMG 2.5.
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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: (i) IMG Total Gene Count which consists of counting all the genes (protein
coding genes, RNA genes) in IMG, except obsolete genes, and (ii) Protein Product Names
which consists of counting all distinct protein product names associated with (predicted for)

protein coding genes (CDSs); note that this count does not include RNA or obsolete genes.
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IMG 2.6 User Interface

The User Interface has been extended in order to improve its overall usability. The main
extensions include: (1) graphical viewers, such as for protein family coverage of single or
multiple genomes; (2) an Abundance Profile Overview tool that extends the Abundance
Profile Viewer; (3) new tools for examining and searching gene cassettes.

Graphical Viewers

Organism Details — Genome Statistics

The Genome Statistics part of Organism Details has been reorganized in order to improve
clarity. Graphical viewers have been added for displaying the distribution of genes associated
with COG, Pfam, TIGRfam, and KEGG, as illustrated below.

Gene counts in some categories in Genome Statistics, such as “Genes with COGs”, “Genes
with Pfam”, “Genes with TIGRfam”, and “Genes connected to KEGG pathways” are linked to
tables that show these genes classified according to the corresponding functional hierarchies
(e.g., COG Functional Categories, KEGG Categories, etc.), as illustrated in Figure 1(ii),
displayed both in tabular and graphical (pie chart) format.

The gene counts in the table and on the pie chart representing (e.g., COG, KEGG) functional
categories are linked to a table that contains groupings of genes according to individual
functional groups or metabolic pathways, as illustrated in Figure 1(iii). Genes can be then
selected and saved in the Gene Cart for further analysis.
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FIGURE 1. Organism Details - Genome Statistics.
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Organism Details — Genome Viewers

The Genome Viewers part of Organism Details includes an additional version of the
Chromosome Viewer, as illustrated in Figure 2(i).
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FIGURE 2. Organism Details - Genome Viewers.

After a scaffold and coordinate range is selected, as illustrated in Figure 2(ii), the Chromosome
Viewer displays genes colored by their associated COG as illustrated in Figure 2(iii)). Gene
coloring can be then switched to reflect deviation from characteristic GC percentage for that
genome, as illustrated in Figure 2(iv).
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FIGURE 3. Gene Details — Evidence for Function Prediction Viewers.
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Gene Details — Evidence for Function Prediction

The Evidence for Function Prediction part of Gene Details includes a new Sequence Viewer
and an additional version of the Chromosome Viewer, as illustrated in Figure 3(i).

For a specific gene, the Sequence Viewer displays the six frame translation with putative
ORF's, potential start codons, and potential Shine-Delgano regions. The gene neighborhood,
minimum ORF size and type of display (graphic or text) can be selected, as illustrated in Figure
3(i1).The text display provides the protein sequences for the ORFs while the graphical display,
illustrated in Figure 3(iii), includes a GC plot. The additional Chromosome Viewer displays the
neighborhood of the target gene with genes colored to reflect deviation of characteristic GC
percentage for that genome, as illustrated in Figure 3(iv).

Compare Genomes — Genome Statistics

Graphical viewers have been added for displaying the results of COG and KEGG Category
Statistics, as illustrated below for COG Category Statistics.

Selecting Statistics for Genomes by specific COG Category (see Figure 4(i)) will display in a
tabular and pie chart format the count of genes associated with each COG category across all
selected genomes, as illustrated in Figure 4(ii). Clicking on a COG category on the pie chart or
on the colored coded square for a COG category in the table will display a bar chart with the
percent of genes for each genome associated with that COG category, as illustrated on the
lower side pane of Figure 4(ii).
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FIGURE 4. Genome Statistics: COG Category statistics.
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Abundance Profile Overview

The Abundance Profile Overview illustrated in Figure 5 extends the Abundance Profile
Viewer. First, select the type of format for displaying the results (“Heat Map” or “Matrix”),
protein/functional families (COG, Pfam, TIGRfam, Enzyme), normalization method, and a set of
genomes in the Abundance Profile Overview page. For “Heat Map” output, the abundance of
protein/functional families is displayed as a heat map with red corresponding to the most
abundant families. Each column on the map corresponds to a genome, and each row
corresponds to a family. Click on the cell in order to retrieve the list of genes assigned to this
particular family in a genome. Click on the identifier of the family displayed on the right of the
column in order to include the corresponding family into the Function Cart.

IMG Home Find Genomes Find Genes Find Functions Compare Genomes Analysis Carts MylMG ‘ [ Using MG ||
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FIGURE 5. Abundance Profile Overview: Results with Heat Map and Matrix Output Format.

If the “Matrix” output is selected, the abundance of protein/functional families is displayed in a
tabular format, with each row corresponding to a family and each cell containing the number of
genes associated with a family for a specific genome. Click on the cell in order to retrieve the list
of genes assigned to this particular family in a genome. Families of interest can be selected for
inclusion into the Function Cart. The results in “Matrix” format can be exported to a tab-
delimited Excel file.



What’s New in IMG 2.6 7

Gene Cassettes
Definitions

A chromosomal cassette is defined as a stretch of protein coding genes with intergenic
distance smaller or equal to 300 base pairs. The genes must be on the same strand or
divergent; convergent genes are not allowed to participate in the formation of a chromosomal
cassette. Groups of at least two common genes between two or more chromosomal cassettes
are defined as conserved chromosomal cassettes. In order to identify common genes
between chromosomal cassettes, genes need to be assigned to groups of equivalent genes.
For this grouping, the commonly accepted clusters of orthologous genes (COG) and Pfam
assignments were used. If a protein consists of multiple clusters, such as in a gene fusion or
multiple Pfam domains, each individual domain is included in the chromosomal cassette.

Gene Details - Gene Information

The Gene Information section of Gene Details is divided into four parts that contain
information on gene, protein, associated pathways, and IMG clusters. The fourth part of the
Gene Information section contains data on IMG clusters, as shown in Figure 6(ii).

Gene Information (ii) Gene Detail (i)
Gene nformation
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Protein Information Ewidence For Function Predictions
Sequence Search
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IMG Sequence Search
IMG Clusters Homolog Display
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Protein Cluster Context Analysis By | — Select Protein Cluster— b
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O | coGoiso 4 armnubu_iyrate sferase and 637544497 | 4-aminobutyrate aminotransferase 8 Arga.n.me_ bl.osyn £i =
related aminotransferases 46 Transcriptional regulators | 1
[] COGO0546 Predicted phosphatases 637544496 haloacid dehalogenase-like hydrolase
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Transcriptional rq 3 - Click Mumber of Orgamisms counts to view Phylogenetic Distribution
[0 | COG3829 AsA-type ATPad
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w w Numlfer 013 COG0160 COGO546 COG1012 COG2076 COG2230 COG3829
Cluster Cassette Organisms:
g E 2 + + + + +
3 11 11 + + + +
4 12 12 + + + +
4 12 12 + + + +

FIGURE 6. Gene Details: IMG Chromosomal Cassette Details.

Details on chromosomal cassettes can be displayed with genes labeled by their COG or
Pfam association, as illustrated in Figure 6(iii)). A Chromosomal Cassette Details page
provides information on the protein clusters (e.g., COGs) of the genes in the query cassette, as
illustrated in Figure 6(iv). This page also provides information on other cassettes that share at
least two protein clusters with the query cassette, as illustrated in Figure 6(v), including the
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number of cassettes that share at least two protein clusters with the query cassette as well as
the number of organisms they come from.

Gene Information (i1) Gene Detail (i)
Gene Information
& Gene Information
Protein Information Ewidence For Function Predictions
Sequence Search
Pathway Information External Sequence Search
IMG Sequence Search
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Chromosomal Cassette Details By | COG h
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v
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COGs in the same genomes and chromosomal cassettes with query 981
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COGs in the same conserved chromosomal cassette with query COG 931
COGs fused with query COG 632

List of correlated COGs

Genomes Genomes Ee—:}fgnn:ﬂ@ngmgg Genome Conserved Fusion Genome Conserved
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CoG Corrolated COG query correlated with M both COG ratio of ratio of of correlation  correlation
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o | COG1012 NAD-dependent aldehyde o - 2 & 2
COGO160 dehydrogenases 605 1020 381 308 308 9% 30 0 151 130
COGO160 C.OG.‘.:;.. Prate.m m\-oi\'en? u:l .b:osymhe.sl.s of 603 258 220 30 0 5 1 0 104 52
mitomycin antibiotics/polyketide fomonisin
COGD160 | COG3486 Lysine/ornithine N-monooxygenase 605 231 212 20 0 91 § 0 78 49

FIGURE 7. Gene Details: Protein Cluster Context Analysis.

Protein Cluster Context Analysis allows examining the functional correlations of the current
gene based on its COG or Pfam association, as illustrated in Figure 7. Context Analysis starts
with the so called “query” protein cluster (COG, Pfam) associated with the current gene, as
illustrated in Figure 7(ii).

For a query protein cluster A, the Context Analysis page contains a summary as illustrated in
Figure 7(iii): for each pair (A, B) where B is a protein cluster that is associated with genes that
are part of at least one cassette or fusion that also contains genes associated with A, the
summary table lists the

e the number of genomes containing
(a) genes associated with A;
(b) genes associated with B;
(c) genes associated with A and/or B;
(d) genes in the same cassette associated with A and/or B;
(e) genes in the same fusion event associated with A and B, respectively;

o the genome co-occurrence ratio for A and B:
NG1/min(NGA, NGB), where

NGL1 is the number of genomes in which A and B are associated with genes,
NGA is the number of genomes with genes associated with A, and NGB is the
number of genomes with genes associated with B;
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e the conserved neighborhood ratio for A and B:
NG1/min(NGA, NGB), where
NG1 is the number of genomes in which A and B are associated with genes in a

cassette, NGA is the number of genomes with genes associated with A, and
NGB is the number of genomes with genes associated with B;

e the fusion ratio for A and B, computed as:
NG1/min(NGA, NGB), where
NG1 is the number of genomes in which A and B are associated with genes in a

fusion, NGA is the number of genomes with genes associated with A, and NGB
is the number of genomes with genes associated with B.

e the genome co-occurrence correlation score for A and B:
{ [P(A)xP(B) x log(P(A,B))/(P(A)xP(B)) ] + [Q(A)*Q(B) x l0g(Q(A,B))/(Q(A)xQ(B))] } x
maxDist (A, B), where

= P(A) and P(B) are the probabilities of a genome containing genes associated
with A and B, respectively; P(A,B) is the probability of a genome containing
genes in a cassette associated with A and B, respectively;

= Q(A)=1-P(A); Q(B)=1-P(A); Q(A,B) = 1-P(A,B);

= maxDist(A,B) is the maximum phylogenetic distance between genomes
that contain genes in a fusion associated with A and B, respectively;

e the conserved neighborhood correlation score for A and B:
(NG1/ NG2) x maxDist(A,B), where
NG1is the number of genomes in which A and B are associated with genes in a
cassette, NG2 is the number of genomes in which A or B are associated with

genes, and maxDist(A,B) is the maximum phylogenetic distance® between
genomes that contain genes in a cassette associated with A and B, respectively;

e the fusion correlation score for A and B:
(NG1/ NG2) x maxDist(A,B), where
NGL1lis the number of genomes in which A and B are associated with genes in a
fusion, NG2 is the number of genomes in which A or B are associated with

genes, and maxDist(A,B) is the maximum phylogenetic distance between
genomes that contain genes in a fusion associated with A and B, respectively.

Note that the higher a correlation score is, the more important the correlation is: values
greater than 500 are highly significant for conserved chromosomal neighborhoods, while
values higher than 200 are highly significant for fusion events.

Gene Details - Evidence for Function Prediction

The Evidence for Function Prediction section of Gene Details includes a graphic display of
the gene's neighborhood, a link to the Chromosome Viewer, Conserved Neighborhood Viewers,
and information on associated COG and Pfam domain, as shown in Figure 8.

Chromosomal cassettes can be examined using the Chromosomal Cassette Viewer, as
illustrated in Figure 8(iv). Chromosome cassettes can be viewed with genes labeled by their

! The phylogenetic distance between two organisms is computed based on a 16S RNA tree. The alignment of
the 16S RNA genes was extracted from the Greengenes database, with the Phylip DNADIST program used
to calculate the distance matrix from this alignment.
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COG or Pfam association. For each chromosomal cassette, related cassettes in other genomes
are also displayed. The query gene has a small red box under it. You can mouse over any gene
to see its details. You can mouse over or click the red dotted line box surrounding a cassette to
see the cassette details discussed above and illustrated in Figure 6. Genes are colored by the
protein cluster (e.g., COG) association, with genes that have no protein cluster or that are
outside a cassette colored yellow.
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FIGURE 8. Gene Details: Evidence for Function Prediction.

Phylogenetic Profiler for Gene Cassettes

In addition to the Phylogenetic Profiler tool that allows selecting single genes based on
presence or absence of homologs in other genomes, The Phylogenetic Profiler for Gene
Cassettes (see Figure 9) allows selecting genes that are part of a gene cassette (i.e., are
collocated on the choromosome) in a query genome and are part of related (conserved part of)
gene cassettes in other genomes.

First, select your query genome by using the associated radio button in the "Find Genes In"
column, as shown in Figure 9(ii). Next, select the protein cluster used for correlating gene
cassettes: COG or Pfam. Then select the genomes for gene cassette comparisons with the
guery genome by using the associated radio buttons in the "Collocated In". Genomes you want
to be ignored in these comparisons can be selected using the radio buttons in the "lIgnoring"
column.

The Phylogenetic Profiler for Gene Cassette Results starts with a summary of the results, as
shown in the left side pane of Figure 9(iii), including a table with the first column listing the size
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of the groups of collocated genes in the query genome and the second column listing the
number of such groups conserved across the other genomes involved in the selection.
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FIGURE 9. Gene Search: Phylogenetic Profiler for Gene Cassettes.

The Details part of the Phylogenetic Profiler for Gene Cassette Results consists of a table
that displays groups of collocated genes in each chromosomal cassette (identified by the
Cassette Id) in the query genome that satisfy the search criterion, as illustrated in Figure 9(iii).
Note that:

in each specific group of collocated genes in the query genome, individual genes may
correspond to parts of multiple chromosomal cassettes in the other genomes

involved in the profiler condition;

the conserved part of a chromosomal cassette involving an individual gene in the query
genome can be examined using the links provided in the "Conserved Neighborhood
Viewer Centered on this Gene" column of results table, as shown in figure 9(iv).

You can explore individual gene details from the results list by clicking on the associated “Gene
Object ID.” By clicking on the radio buttons in the “Select” column, you can select genes that will
be added to the Gene Cart for further analysis. If you want to select all the genes, click on the
“Select All" button. To clear all selections, click on “Clear All" button. After the genes are
selected, click on the “Add Selected to Gene Cart” button.



