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1 Synopsis

IMG ER is part of the IMG family of systems that provides support for reviewing and
curating the annotation of both public and so called “private” microbial genomes. The
IMG ER public genome content baseline consists of all the isolate genomes in IMG 2.6.

Users can submit their “private” genomes for inclusion into IMG ER prior to their public
release via the IMG ER submission site. Such genomes can be loaded into IMG ER
with genes predicted and product names assigned to genes by a specific annotation
pipeline. Alternatively, gene prediction and/or product name assignment can be carried
out using the IMG ER annotation pipeline.

IMG ER provides support for curation of protein product names and a number of
associated functional annotations, using IMG ER’s MyIMG capabilities. The purpose of
this document is to present IMG’s comparative analysis and annotation capabilities that
support curation of product descriptions (functional annotations) associated with genes.

Users not familiar with IMG’s analytical tools can peruse the following papers and
documents:

o A brief introduction to IMG is provided in (Markowitz, Szeto & al 2008).
e A user guide for IMG is available at: http://img.jgi.doe.gov/pub/doc/using_index.html.

¢ Materials on various aspects of microbial genome sequence data processing and
analysis are available at: http://img.jgi.doe.gov/pub/doc/education.html.

In order to be able to submit genome data for loading into IMG/ER and access IMG ER
users need to have an IMG account which can be requested by filling the Request
Account form at: http://img.jgi.doe.gov/request.

IMG ER is at: http://img.jgi.doe.gov/er.

IMG ER annotation SOP is described at: http://img.jgi.doe.gov/w/doc/imqg er ann.pdf

IMG/ER Submission Site is at: http://img.jgi.doe.gov/submit
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2 Setting the Genome Context for Annotation

Microbial genome annotation generally refers to the process of interpreting the raw
sequence data by identifying protein-coding sequences and other genome features and
determining their likely physiological functions.

Gene annotation is usually based on a combination of (i) automated methods that
generate a “preliminary” annotation in terms of predicted protein-coding genes (also
called Coding Sequences or CDSs) and (ii) assignment of gene product names. The
latter is generally based on sequence similarity searches and may describe biological
functions of gene products, such as enzymatic activity or participation in certain
macromolecular complex, or merely indicate its membership in a certain sequence-
similarity based protein family.

In addition to assignment of product names, “preliminary” annotation may suggest the
placement of a gene product in various pathways and/or functional categories. While it is
possible to perform manual assignment of product descriptions for all proteins in the
genome, in most cases this is not necessary, since many protein families, especially
those representing the housekeeping functions and core biosynthetic machinery, can be
annotated with sufficient accuracy by virtually any annotation pipeline. Conversely,
genes encoding members of certain enzymatic families with common catalytic
mechanisms (aminotransferases, dehydrogenases, glycosyltransferases, etc.) are
notoriously difficult in terms of their functional annotation and may require careful manual
analysis and editing of their product descriptions.

In general microbial genome data analysis and annotation rely on comparison
(sequence, chromosomal context, etc.) of the genes and genomes of interest against
other genes and genomes. Although microbial genomes can be analyzed in the context
of all other genomes available in IMG, it is often useful to limit this context to a certain
subset of genomes. Genome (organism) selections help focus the analysis on a subset
of interest, especially in terms of phylogenetic relationships.

2.1 Select Genomes

Genomes can be selected using the Genome Browser as follows:

1. Start with Find Genomes and select Genome Browser.

2. Select View Alphabetically or View Phylogenetically.

3. Select the genomes of interest, potentially after a Clear All on existing or default
selections.

Example 2.1(i). Under Find Genomes in the Main Menu, use the Genome Browser
with View Phylogenetically to see the list of genomes. First clear all default selections
and then select from Archaea genomes, the two Thermoplasmataceae strains,
Thermoplasma volcanium GSS1 (T. volcanium) and Thermoplasma acidophilum DSM
1728 (T. acidophilum), shown in Figure 2.1(i). Save these selections.

April 2009 2



IMG 2.8 ER Tutorial

-
-
img/er-\ -\ EXPERT REVIEW
T — =
Find Genes Find Functions Compare Genomes { Genome Statistics (”)
Genome Browser | Genome Search
Humber % of Total
. DHA, total number of bases 1564906 100.00%
Genome Browser (i) DNA coding aumber of bases 1398160 89.35%
DNA G+C number of bases 719769 45.90% !
lection Select All Cl All
Blet ear DNA scaffolds 11/ 100.00%
CRISPR Count 1
01 Avchaea Al | None at least one ge
02 Furyarchaeota | Al | None netic domains | Genes total number 1580 | 100.00%
! Protein coding genes 1327 96.65%
03 Thermoplasmata | All | | None Pseudo Genes 1%t
04 Thermoplasmatales Al | None RNA genes 3 3%
05 Ferroplasmaceae Al | None TRNA genes 3 0.19%
08 [J Ferroplasma acidarmanus Ferl [D] (JGI) 55 RNA 11 0.06%
05 Picrophilaceae | All | None 165 rRNA Ll 006%
. P - | 185
08 [ Picrophilus torridus DSM 9790 [F)] 185 rRNA 9]0
05 Thermoplagmataceae Al None 235 rRNA 1 0.06%
R . | — 288 rfRNA 0 0.00%
— 08 Thermoplasma acidophilum DSM 1728 [F] = =
03 O — tRNA genes 46 201%
Other RNA genes 4 0.25%
Protein coding genes with function prediction 746 47.22%
Genes without Predicted Protein Product 781 49.43%
Protein coding genes connected to KEGG pathways® 515 32.59%
not connected to KEGG pathways 1012 64.05%
Protein coding genes connected to KEGG Orthology (KO) 891 56.39%
not connected to KEGG Orthology (KO) 636 40.25%
Protein coding genes connected to MetaCye pathways 46 291%
not connected to MetaCyc pathways 1481 93.73%
Figure 2.1. Selecting genomes: Genome Browser.
/er°x
img/er y -\ expenRT REVIEW
m Find Genomes Find Genes Find Functions Compare Genomes. Analysis Carts
Genome Browser  Genome Search
Genome Search (i) Genome Metadata Search Results (i) 4 genomes retreved
Genome Search by Metadata
SelectAll Clear All
Asrobe B
Anaerobe
Facultative
. . Select Genome Name Phenotype Relevance
Oxygen Requirement u_lcmaemphll:lc and ston. Biotechnolonical
Herosnacrone SJ) FYPS JE— Bormediain, Betsnsvgica.
Obligate anaerobe _ ; Acidothermus celnlolvticus Acidophile, Biomass degrader, Biofuels, Biotechnological, Energy production,
— 1B Cellulose degrader Ethanol production
Motility ’ . . Bioenergy, Biofuels, Biotechnological, Food
and ]  Bacillus coagulans 36D1 Acidophile try, Medical
! Nonsporulating ~ . Candidatus Methanoregula L y .
Sporulation snorupmung 78 and L e Acidophile, Methanogen Biotechnological, Energy production
Haloghile - ) Gluconobacter oxvdans 621H | Acidophile Biotechnological, Vitamin C production
Salinity Halotolerant and Bioremediation, Biotechnologi
- g - - i 2 , gical,
Korebacter versatilis Flin345 | Acidophile Environmental
Hyperthermophile = - 5
I Methviocella silvestris BL? | Acidophile, Methane oxidation Biotechnological
Psychrophile B Acidophil Biotechnological
Temperature Range E:ﬁ:g:ﬂz‘:g' and L 9780 Acidophile iotechnologica
il U Sulfolobus acidocaldarius . § - . .
Thermophile ~ DsM630 Acidophile, Sulfur oxidizer Biotechnological
Thermotolerant ]  Sulfolobus solfataricus P2 | Acidophile, Sulfur zi Biotechnological
Acetic-acid | Sulfolobus tokodaii 7 Acidophile, Sulfur metabolizing Biotechnological, Wastewater treatment
Acetogen [ Thermofilum pendens Hrk 5 Acidophile Biotechnological
Acetogenic e— o
Acetotrophic @ |ps ’”“P,’T’M Acidophile Biotechnological, Evolutionary
Acid-producing —_—
Phenotype Acidic and &) (g“;r:nop.a:mn volcanum Acidophile Biotechnological
Acidophile Ga3l
Aflatoxin producer
African
Agrociavine producer

Figure 2.2. Selecting genomes: Genome Search by Metadata.
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Genomes can be also selected using Genome Search as follows:

1. Start with Find Genomes and select Genome Search.

2. Select Genome Search by Fields or Genome Search by Metadata.

3. Select a Filed/Filter for the keyword search (e.g., Genome Name) or set a condition
involving the Metadata fields (e.g., Phenotype, Relevance)

Example 2.1(ii). Under Find Genomes in the Main Menu, use Genome Search and
then go to Genome Search by Metadata. Set the search condition by selecting
“Acidophile” for Phenotype and “Mesophile” for Temperature Range, as shown in
Figure 2.2(i). The list of genomes satisfying the search condition is returned as shown in
Figure 2.2(ii). Save these selections.

2.2 Assess Genome Annotation Coverage

When analyzing a genome with “preliminary” automated annotation it is often useful to
assess the quality of this annotation by comparing the general statistics of annotations
(such as the total number of predicted protein-coding genes, the number of proteins with
functional annotation or with membership in different protein families) for the genome of
interest to that of its closest phylogenetic neighbors, since gross discrepancies in this
statistics may indicate certain problems of automated annotation.

Assess annotation coverage for individual genomes using the Genome Statistics
section the Organism Details which can be reached from any genome name, such as
those listed in the Genome Browser.

Example 2.2. In the list of genomes displayed by the Genome Browser (see Figure
2.1(i)) select T. acidophilum in order to view its Genome Statistics table, as shown in
Figure 2.1(ii).

Assess annotation coverage for multiple genomes using the Statistics for User
Selected Genomes which can help in identifying differences in the total humber of
genes, CDSs, as well as in functional annotations based on various functional
classifications, such as COG, Pfam. These statistics are available via Genome
Statistics under the Compare Genomes main menu option.

The Breakdown by selected genomes, general statistics option provide the default

statistics table for the selected genomes. These statistics can be configured using a

Configuration table, which allows you to choose the information you are interested to

examine, including:

a) Genes, which represents the total number of genes in the genome including protein-
and RNA-coding genes.

b) CDS, which represents the total number of protein-coding genes including
pseudogenes.

c) RNA, which represents the total humber of stable RNA-coding genes including
rRNAs, tRNAs and other RNAs as discussed above.
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5S, 16S, 23S, tRNA and Other RNA, which provide a breakdown of RNA-coding
genes into different categories.

Pseudo, which represents the number of pseudogenes in the genome including
those for protein-coding and RNA-coding genes.

Unchar, which represents the number of uncharacterized CDSs, that is CDSs
without definitive functional prediction including all proteins with names
“hypothetical”, “predicted” and “unknown”.

w/Func Pred, which represents the number of CDSs with definitive functional
assignment including protein family annotations, such as “dehydrogenase family
protein”.

Enzymes, which represents the number of CDSs with assigned EC numbers
including incomplete EC numbers, such as EC:1.1.1.-.

COG, which represents the number of CDSs assigned to COG protein families.
Pfam, which represents the number of CDSs assigned to Pfam protein families.
TIGRfam, which represents the number of CDSs assigned to TIGRfam protein
families.

Bases, which represents the total number of nucleotides in the genome sequence.
Coding bases, which represents the total number of nucleotides in predicted genes
— if expressed as percentage of “Bases” gives so called “coding density” of the
genome.

Example 2.3. Select Compare Genomes in the Main Menu, and then select Genome
Statistics.

(&) Summary Statistics provide cumulative statistics for the selected genomes,

including the numbers of genes and various functional annotations, as illustrated in
Figure 2.3(i). You can adjust the columns that are displayed in the comparative
statistics table. Notice the differences in genes, CDSs, and functional annotations
between T. volcanium and T. acidophilum.

(b) COG Category Statistics and KEGG Category Statistics provide statistics in a

tabular format for the selected genomes across top-level COG and KEGG
categories, respectively. Select COG Category Statistics, and then select

i. Statistics for Genomes by COG Categories, as illustrated in Figure 2.3(ii),
in order to display a statistics table, as shown in Figure 2.3(iii). Each genome
in this table is linked to its Genome Details page, which provides statistics
for individual genomes, as discussed above. Parameter columns can be
added or deleted using the Configuration selector at the end of the table.

ii. Statistics for Genomes by specific COG Category in order to 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 2.3(iv). Click on
a COG category on the pie chart or on the colored coded square for a COG
category in the table to 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 2.3(iv).
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Figure 2.3. Assessing genome annotation coverage with Genome Statistics.
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3 Find Genes of Interest via Genome Exploration

A number of tools are available for selecting genes of interest for further analysis and
functional annotation. We review below gene selection that involves exploration of
individual genomes.

3.1 Select Genes using Gene Search

Genes can be selected from one or several specific genomes using BLAST or Gene
Search.

BLAST similarity searches are implemented via BLASTp (protein-vs.-protein), BLASTx
(DNA-vs.-protein), BLASTn (DNA-vs.-DNA) or tBLASTn (protein-DNA-vs.-DNA-protein).
You can define similarity thresholds and select the target database or genomes. For
more details, refer to UsingIMG manual.

Gene Search allows selecting genes based on partial or exact matches to a string of
characters in specified fields, including product name, gene symbol, and a variety of
other gene identifiers, as illustrated in Figure 3.1. Note that if a genome context is set,
then this search will be performed on the genomes in this subset only.
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Figure 3.1. Select genes for analysis and functional annotation with Gene Search.
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Example 3.1. Under Find Genes in the Main Menu, select Gene Search. If you have
selected and saved genomes T. volcanium and T. acidophilum using the Genome
Browser as discussed in Example 2.1, the gene search is restricted by default to these
genomes. Gene search can be also restricted to specific genomes via the genome list
provided in the Gene Search page, as shown in Figure 3.1(i). The search for product
names containing “NADH oxidase” returns two genes, as shown in Figure 3.1(ii). The
genes can be save into the Gene Cart, as shown in Figure 3.1(iii), for further analysis.

3.2 Select Genes from a Specific Genome Statistics Table

Genes can be selected from a specific genome from one of the gene categories
provided in the Genome Statistics table, as illustrated in Figure 3.2. Gene counts in
some categories, such as “Genes in COGs” and “Genes connected to KEGG pathways”
are linked to viewers that show these genes classified according to the corresponding
functional hierarchies (COG Functional Categories and KEGG Categories, respectively,
with the possibility of further breakdown into COG Pathways and KEGG Maps).
Grouping genes into such functional categories provides a convenient separation of the
housekeeping genes that are quite likely to be accurately annotated by an automated
pipeline from those participating in other metabolic activities and allows focusing further
analysis on one or several functional categories of interest.
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Figure 3.2. Select genes for further analysis and functional annotation via the gene
categories available in the Genomics Statistics table.
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The gene counts in the “KEGG Categories” table are linked to the table that contains
groupings of genes according to individual KEGG Maps corresponding to collections of
metabolic pathways. These maps can be examined for “completeness” of coverage with
genes from the genome of interest. For example, you can check whether all consecutive
reactions in a pathway are connected to the genes in a specific genome.

Example 3.2. Follow the link for Genes connected to KEGG pathways from the
Genome Statistics table (Figure 3.2) to a classification of genes based on association
with specific KEGG categories, as shown in Figure 3.2(i). For a specific KEGG category,
such as Energy Metabolism, links (via the number of genes, the corresponding area of
the pie chart) are provided to the list of genes organized in specific pathways, such as
Carbon Fixation, as shown in Figure 3.2(ii). Genes can be then selected and saved in
the Gene Cart for further analysis, as shown in Figure 3.2(iii).

3.3 Select Genes by Reviewing Gene Annotations

Genes can be selected from a specific genome by reviewing the various gene
annotations using the Compare Gene Annotations page that can be reached from the
Organism Details via the Compare Gene Annotations button located below Genome
Statistics (see Figure 3.3).
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E View annotations for Thermoplasma actdophilum DSM 1728.

Compare Gene Annotations Select filter *  No Product Name/With Evidence -

I Compare Gene Annotations I * Without product name, but with some protemn family annotation evidence.
| * With product name, but without any protein family annotation evidence.
- - Current filter seletion: No Product Name/With Evidence.
Compare Gene Annotations (i)
Pages for download file 638154521 annot xls: [1] 2 [Next]
View ions for Thermoplasma acidophilum DSM
Select fiter * [~ SelectFiter— 1<) Gene Object L$°”5 Source Cluster Annotation Gene Annotation
“Select Fiter - o 9
* Without pro Mone gl i tamin: i se involved i
* With pro o T =l 638180166 Ta0000 | COGO311 Preﬁcle_d glblil Lhe :{{n:udotrmsfcrase mvolved in
Product Name/Mo Evidence N B
Current filter seletion: none. 638180166 Ta0009 | pfam01174 SNO
— 638180166 Ta0009 | pfam07685 GATase_3
ages for download file 63815452 1.annot.xls._)1] 2 3 638180166 | Ta0009 | product name hypothetical protein
e pyridoxal phosphate
Gene Object  Locus Sour 638180166 Ta0009 ITERM:05446 svnthase vaaE subunif
> | = | Compare Gene Annotations (M

638180157 Ta0001 | COG1390 Archaeal/vacuolar-type H+-ATRase suby ompare €ne Anno ons

638180157 | Ta0001 | pfam01601  |vATP-synt E View annotations for Thermoplasma acidophilum DSM 1728,

638180157 Ta0001 || product name

638180157 | Ta0001 || DNA_length Select filter *  Product Name/No Evidence hd

638180157 || Tab001 || Protein length * Without product name, but with some protein family annotation evidence

* With product name, but without any protein family annotation evidence.
&) 638154521, annot (m) Current filter seletion: Product Name/No Evidence.
A | B (5 D Pages for download file 63815452 .annot.xls; [1]
1 [gene oid Nlocus Tag Source  Cluster Annatation
|2 |6.30E+08 Ta0001  COG1390 Archaealivacuolar-type H+ATPase subunit E Gene Object  Locus Cluster )
| 3 |GIOEH08 Ta0001  pfamd301vAT-synt_E D Tag Source Annotation Gene Annotation
4 |B.38E408 Tal00!  product_name 638180164  Ta0007a | product_name archaeal-type H+ATPase subunit H
| 5 |6.30E+08 Ta0001  DNA length 638180164  Ta0007a DNA_length 321bp
| 6 |6.39E408 Ta0001  Protein_length 638180164  Ta0007a | Protein_length 10622

Figure 3.3. Select genes for analysis and functional annotation using the Compare
Gene Annotations table that can be reached via the Organism Details page.
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Compare Gene Annotations provides a list of protein-coding genes from the genome
of interest and their product names together with the information about their membership
in various protein families (COG, Pfam, TIGRfam) and descriptions of their functions
based on this membership. This tool provides a quick way of assessing the quality of
automated annotation by comparing the names of protein products assigned by an
automated pipeline to the likely functions suggested by the membership of a protein in
protein families and identifying the most obvious discrepancies between the two (e. g., a
product name of “probable signal recognition particle protein” assigned to a member of
COG0644 “Dehydrogenases (flavoproteins)”). The genes with such discrepancies
between product names and functional annotations based on protein family membership
can be further analyzed through the individual Gene Details pages.

Example 3.3. Follow the link for Compare Gene Annotations via the button provided
below the Genome Statistics table (see Figure 3.3) which leads to a list of all the genes
for the selected genome, with every available annotation provided for each gene, as
shown in Figure 3.3(i). Examine the product name in the context of other available
functional annotations, such as COG, pfams, and IMG term (when available). The
results can be filtered in order to display only genes (a) without a product name, but
with evidence of potential function provided by association with a COG, Pfam, or
TIGRfam, as illustrated in 3.3(ii), or (b) with a product name, but without any other
evidence of function provided by association with a COG, Pfam, or TIGRfam, as
illustrated in Figure 3.3(iii). The annotations for all the genes can be downloaded into a
local excel file, as shown in Figure 3.3(iv).

3.4 Select Genes using the GC Based Chromosome Viewer

Bacterial chromosomes for the most part have a uniform GC content but may contain
regions with GC content that differs from the average. The regions with distinct GC
content are thought to originate from other organisms, viruses, or transposable
elements. For example, pathogenicity islands are regions of a genome that encode
virulence genes and commonly have a different GC content than the rest of the genome
(Guy 2006). Such regions are found in pathogenic bacteria but commonly are absent
from nonpathogenic relatives.

There are three steps involved in such a selection:

1. Select an organism/ genome of interest using the Genome Browser or Genome
Search.

2. Go to the Genome Viewers of the Organism Details page and select Scaffolds
and Contigs.

3. Select the desired coordinate range of a scaffold of interest or enter the coordinate
range of interest. In the Chromosome Viewer, select the GC percentage coloring
option.
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Organism Details
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Figure 3.4. Find genes with the GC colored Chromosome Viewer.

Example 3.4. Select the Vibrio cholera cholerae O1 biovar eltor str. N16961 genome
using the Genome Browser or Genome Search, go to the Genome Viewers section of
Organism Details page, and select Scaffolds and Contigs, as shown in Figure 3.4(i).
Enter 1867219 and 1955993 as start and end coordinates and launch the Chromosome
Viewer, as shown in Figure 3.4(ii), then switch to GC percentage coloring version of
the Viewer. Using the Chromosome Viewer, examine the genes that deviate from the
characteristic GC percentage for this genome (47%), as shown in Figure 3.4(iii).

An example is the island VPI-2 from Vibrio cholerae, which in the V. cholerae O1 biovar
eltor str. N16961 genome (Jermyn & Boyd 2002). This pathogenicity island extends from
VC1758 to VC1809 and has a lower GC content than the rest of the chromosome, as

shown in Figure 3.4¢(iii).
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4 Find Genes of Interest via Genome Comparison

Genes that may require further analysis and functional annotation can be identified using
comparative analysis tools within a specific genomic context.

4.1 Select Genes using the Phylogenetic Profiler

In many cases the differences in physiology, phenotypic properties and ecology of
different organisms can be attributed to the differences in their gene content, i.e. the
differences in abundance of various gene families, including the ultimate case of certain
genes being present in one genome but not in another genome(s) and vice versa.
Therefore the genes identified as more or less abundant (or present or absent) when
comparing the genome of interest to its genome context, often become the focus of
microbial genome analysis and may require special attention from the annotator.

The Phylogenetic Profiler for Single Genes tool allows finding genes in a specific
genome that have / do not have homologs in other related genomes. There are two
steps involved in such a selection:

(a) Start with Find Genes in the Main Menu and select Phylogenetic Profiler for
Single Genes under the Phylogenetic Profilers second level menu bar.

img/er -\ EXPERT REVIEW

G Home ‘ Find Genomes Find Genes Find Functions ‘ Compare Genomes ‘ Analysis Caris | MylMG | Using IMG

Gene Search | BLAST | Phylogenetic Profier
Phylogenetic Profiler for Single Genes (i)

Profile

Find With Without
Genes Homologs Homologs Ignoring Taxon Name

In* In In
Archaea
Euryarchaeota
Thermoplasma
@ Thermoplasma acidophilum DSM 1728 [F]
° » » Thermoplasma volcanium GSS1 [F]

Similarity Cutoffs

Max. E-value le5 =
Min. Percent Identity 30 ~
Algorithm
min. Taxon percemtw| Phlyogenetic Profiler for Single Genes Results (i)
Min. Taxon Percent Wi
I Add Selected to Gene Cart } Select All Clear All

Gene

Result Locus Gene

Select oo Ot:jgct Tag Hame Length CoG Enzyme Pfam InterPro
1 638190495 | TVG0007048 = hypothetical protein 168aa COGO0675 - pfam07282 | -
2 638190515 | TVG0025913 | hypothetical protein 258aa | COGO003 -

Figure 4.1. Find genes with the Phylogenetic Profiler for Single Genes tool.
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(b) Select a target genome and set the condition for selecting its genes with respect to
presence or absence of homologs in other related genomes.

Example 4.1. After setting the genome context to two genomes, T. volcanium and T.
acidophilum, as discussed above, use the Phylogenetic Profiler to find T. volcanium
genes that have no homologs in T. acidophilum, as shown in Figure 4.1(i). Similarity
cutoffs can be used to fine-tune the selection. The list of genes with the specified profile
are then provided as a selectable list as shown in Figure 4.1(ii).

The Phylogenetic Profiler for Single Genes can be used, for example for finding
unique, conserved, or gained genes in the target genome with respect to other genomes
of interest. In the example shown in Figure 4.1, 237 genes are found to be unique in T.
volcanium with respect to T. acidophilum.

4.2 Select Genes using Abundance Profile Overview

Genes can be selected using the Abundance Profile Overview tool that allows
comparing selected genomes in terms of their relative abundance across all protein
families (COGs, Pfams, and TIGRfams) and functional families (Enzymes). There are
three steps involved in such a selection:

(a) Start with Compare Genomes in the Main Menu and select Abundance Profiles.
Select the Abundance Profile Overview tool.

(b) Select the type of format for displaying the results (“Heat Map” or “Matrix”),
protein/functional families (COG, Pfam, TIGRfam, Enzyme), normalization method,
and the genomes that will be compared, as illustrated in Figure 4.2(i).

(c) From the functions listed as results of the Abundance Profile Overview, select
functions of interest and save them in the Function Cart or follow the link for a
specific function to the list of genes associated with it.

For “Heat Map” output, the abundance of protein/functional families is displayed as a
heat map with red corresponding to the most abundant families, as illustrated in Figure
3.5(ii). Each column on the map corresponds to a genome, and each row corresponds to
a family; mouse over each cell to see the count of a particular family in a genome. Click
on the cell in order to retrieve the list of genes assigned to this particular family in a
genome, as illustrated in Figure 4.2(iii). Click on the identifier of the family displayed on
the right of the column (e.g., COGO0675) in order to include the corresponding family into
the Function Cart, as illustrated in Figure 4.2(iv).

If the “Matrix” output is selected, the abundance of protein/functional families is
displayed in a tabular format, as illustrated in Figure 4.2(v), 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, as shown in Figure 4.2(iii). Families of interest can be
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selected for inclusion into the Function Cart, as illustrated in Figure 4.2(iv). The results
in “Matrix” format can be also exported to a tab-delimited Excel file.

By default, the Abundance Profile Overview results are sorted by the abundance of
families in the first genome. These results can be resorted according to the abundance
in other genomes by clicking on the corresponding column header.

Example 4.2. After setting the genome context to two genomes, T. volcanium and T.
acidophilum, as discussed above, use the Abundance Profile Overview tool to find
COGs that are more abundant in T. volcanium than in T. acidophilum, as shown in
Figure 4.2(i). The result displays the abundance counts for all COGs across the two
genomes, as shown in Figure 4.2(ii) and 4.2(v). Each abundance cell or count provides a
link to the associated list of genes, such as the genes associated with COG 0675, as
shown in Figure 4.2(iii).

In addition to focusing on individual genes, annotation and analysis can also focus on
certain protein families, since many of them may include multiple paralogs with different
activities and biological roles that require manual curation.

img/er Y - STSARAIED My |

| Abundance Profile Overview Results (i

IMG Home: Find Genomes Find Genes Find Functions Compare Genomes Analysis Ca
1 - Thermoplasma acidophilum DSM 1728
Genome Stalistics | VISTA | Abundance Profiles | Genome Clustering 2 - Thermoplasma volcanium GSS1

2
COG2095 C0G2537
COG2 064 C0G4221
C062017 oG4 198
C0G1961 coGs 194
C0G1955 oG4 159
C06 1555 C0G4 166
COG 1814 C0G4123
COG 1604 064023
COG 1501 oG4 004

E3
COGOS31
COG28 14

Abundance Profile Overview (i)

COGL131
COGLOZE
COG2271
COG 43S
| cosieen

Display Options:

Normalization Method COG1733 COGTIE9
h ) 7 T
@ N, 1 I T . .
None ) Abundance Profile Overview Cell Gene List (jii) Function Cart (iv)
Scale for genome size . .
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or Add Selectedto Gene Cart Select Al Clear
Estimated gene copiesz | 638180189 hypothetical protein (336a2) (est_copy=1)
([AL139299) 1564806bp ge=0.46)
| 638180364 conserved hypothetical protein (21923) (est_copy=1) Selection Function ID Name
. N L ([AL139299) 1564506bp ge=0.46)
Enter matching text for higiihghting clusters/ro¥ 1 533130661 transposase related protein (35022) (est_copy=1) ] COG0675 | Transposase and inactivated d
([AL139299] 1564906bp ge=0.46)
[ A |
Function: .
Abundance Profile Overview Results (V)
@ COG 1 3 Pages: [1] 2 [Next Page
Download tab-delimited file for Excel
Pfam
Enzyme
TIGRfam [ Add Selected to Function Cart |j Select All Clear All
1.
Genomes” : R The| The
Select D Nam aci| vol
Please select 1 to 9 genomes. Ho. tame 178 GS1
Thermoplasma acidophilum DSM 1728 (A)F] Jig
FThermoplasma volcanium GSS1 (A)[F] 812 COG2814 Arabinose efflux permease 16 19
277 COGO0331  Amino acid transporters 18 | 16
I Reset Z 348 COGO0675  Transposase and inactivated derivatives 6 (14
223 COGO438  Glycosyltransferase 9 8

Figure 4.2. Find genes with the Abundance Profile Overview tool.
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4.3 Select Genes using a Functional Profile

The Function Profile tool allows to find all the genes in the genome(s) of interest
associated with a specific protein family (COG, Pfam, etc.) and to compare the
abundance of this family across multiple genomes. Many of these protein families can be
unambiguously associated with certain activities or functions, although in many cases
this functional description lacks the necessary precision. For instance, most members of
Pfam00155 (Aminotransferase class | and Il) catalyze transfer of amino group between
two reactants. However, these reactants may be quite different (e. g., aromatic amino
acids, aspartate, histidinol phosphate, etc.) and in addition to bona fide
aminotransferases, this protein family also includes L-threonine O-3-phosphate
decarboxylase and some other enzymes that share the overall structure, cofactor
requirement and substrate-binding pocket with aminotransferases, yet catalyze very
different reactions, such as decarboxylation instead of transamination. This example
illustrates the need for manual analysis and comparison of the individual members of
protein families, which can be selected using the Function Profile tool and their
annotations can be reviewed through the corresponding Gene Details pages.

There are three steps involved in such a selection:
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Figure 4.3. Find genes with a Function Profile tool.
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(a) Start with Find Functions in the Main Menu and select either Search or one of the
browsing options for the available functional classifications. Examine individual
functional roles or categories.

(a) Select functions of interest and save them in the Function Cart.

(b) The Function Cart is available under Analysis Carts in the Main Menu. Select the
functions and the genomes of interest in the Function Cart, and compute a
Function Profile. The results will be displayed in a tabular format, with functions
listed in either columns or rows.

Example 4.3. Under Find Functions, select the COG browser, as shown in Figure
4.3(i). Scroll down to Ribosomal proteins — large subunits COG pathway and examine
it using the COG Pathway Details, as shown in Figure 4.3(ii). From this COG pathway
select COG1552 and COG1631 and save them in the Function Cart, as shown in
Figure 4.3(iii). In the Function Cart, select both COGs and the genomes (T. volcanium
and T. acidophilum) available in the genome list, and compute a Function Profile with
the option of displaying the results in the Genomes vs. Function format, as shown in
Figure 4.3(iv). The count of genes associated with a specific COG in a given genome is
shown in a cell of the tabular result: the count serves as a link that leads to the actual list
of genes. Note that COG1552 is present in T. volcanium but not in T. acidophilum, which
may indicate a gene missed by the original annotation.
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5 Review Functional Annotations for Genes

The functional annotation for individual genes can be reviewed using the Gene Detail
page (see Figure 5.1) that is available via the link provided from individual gene
identifiers (so called OIDs). The Gene Detail page consists of:

(@) a Gene Information section that includes gene identification, locus information,
product name, and related information; of special interest in this section are the
Product Name which is usually assigned by the sequencing center that has
processed the genome, and various External Links to public resources (when
available) that allow viewing different representations of the gene;

(b) a Protein Information section that includes functional characterization based on
COG, Pfam, InterPro, and native IMG terms;

(c) a Pathway Information section that includes associated Enzymes (EC numbers),
KO term, and KEGG and IMG native pathways; when a specific functional annotation
is available, links to details, such as KEGG maps or IMG pathways, are provided;

(d) an Evidence for Function Prediction section that includes a Sequence Viewer,
two Chromosome Viewers, Gene Ortholog Neighborhood viewer, alignment of
the gene sequence to the COG and Pfam representative sequences (centroids), and
pre-computed lists of homologs, orthologs and paralogs.

(e) A variety of BLAST and similarity search tools.

The purpose of reviewing the information provided on the Gene Details page is similar
to that of the Compare Gene Annotations tool, i.e. it aims at identifying discrepancies
between the product name assigned to a particular gene, functions suggested by the
membership of this protein in various protein families and/or chromosomal clusters, and
product names of its closest homologs, as these may be assigned not based on
bioinformatics inference, but according to experimental data about the activity and
function of these proteins.

Product names are assigned to genes using various methods based on gene similarity
and involving one or several functional classifications, such COG, Pfam, and TIGRfam.
For example, the IMG product name assignment procedure® involves a sequence of
stages, each applied on the genes that have no product name assigned at the end of the
previous stage. Thus, a gene x that has no product name (i.e. is associated with a
default “hypothetical protein” name) is assigned one of the following product names: (a)
IMG term(s) associated consistently with at least two close”* homologs of x; (b) the name
of TIGRfams, COGs, or Pfams that were associated with x by IMG’s functional
annotation pipeline; or (c) the product name(s) associated consistently with at least two
close homologs of x. Multiple components (e.g., multiple IMG terms, Pfam family
descriptions, etc.) in a product name are concatenated using “/” as a separator.

! The IMG ER annotation procedure is described at: http://img.jgi.doe.gov/w/doc/img_er_ann.pdf.
ZA homolog is considered “close” to a gene x if it has at least 50% sequence identity and 70% sequence
alignment with x.
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Figure 5.1. Review functional annotations for a gene with Gene Detail.

The product names associated with genes can be examined using the Gene Details. In
particular, the consistency between a gene’'s product name and its functional
annotations (e.g. IMG term, COG, Pfam, TIGRfam, etc.) can be examined using the
various Gene Details sections. For product names assigned using the IMG procedure
mentioned above, Gene Details provides an “IMG Product Source” field.

Example 5.1. Start with the steps in Example 2.1, which lead to the selection of T.
acidophilum and its Genome Statistics, as shown in Figure 2.1(iii). Follow the link for
Genes connected to KEGG pathways from the Genome Statistics page shown in
Figure 2.1(iii) which leads to a further classification of genes based on their association
with specific KEGG categories, as shown in Figure 3.2(i). Follow the link Energy
Metabolism to the list of genes organized in specific pathways, and select Carbon
Fixation, as shown in Figure 3.2(ii).

For the gene with identifier 638181081, follow the link to its Gene Details page, as
shown in Figure 5.1(i). Examine the various sections of the Gene Details page, follow
links to see related functional annotations in resources such as UniProt.Examine
Evidence for Function Prediction section: the gene neighborhood panel displays the
target gene with its neighboring genes in a 25kb chromosomal window with the target
gene in the center highlighted in red (see Figure 5.1(ii)). Select the Sequence Viewer to
display the six frame translation with putative ORF's, potential start codons, and potential
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Shine-Delgano regions. The gene neighborhood, minimum ORF size and type of display
(graphic or text) can be selected, as illustrated in Figure 5.1(iii). The text display provides
the protein sequences for the ORFs while the graphical display, illustrated in Figure
5.1(iv), includes a GC plot. Note that the Sequence Viewer does not provide all the
details nor the capabilities of tools such as Artemis (Rutherford et al 2000). You can use
Web Artemis viewer on the Organism Details page to examine the details of a
sequence region of interest.

Select Show neighborhood regions with the same top COG hit in order to display the
Gene Ortholog Neighborhoods viewer, as shown in Figure 5.1(v). This viewer displays
the gene neighborhood of gene 638181081 in T. acidophilum aligned with its ortholog in
T. volcanium: each gene's neighborhood appears above and below a single line showing
the genes reading in one direction on top and those reading in the opposite direction on
the bottom; genes with the same color indicate association with the same COG group.
For each gene, locus tag, scaffold coordinates, and COG group number are provided
locally (by placing the cursor over the gene), while additional information is available in
the Gene Details that can be reached from each gene.

Example 5.2. The Phylogenetic Profiler tool mentioned above allows identifying
quickly the unique and common genes between T. volcanium and T. acidophilum and
the result indicates that T. volcanium has 237 unique genes (see Example 4.1). This
high number of unique genes (about 15% of the total number of its predicted genes)
suggests that a large percentage of the coding capabilities of T. volcanium is distinct
compared to T. acidophilum. However, examining two of these genes using IMG's
Ortholog Neighborhoods, as illustrated in Figure 5.2, shows that some of the
differences in gene content between T. volcanium and T. acidophilum are due to
inconsistencies of the gene models:

(a) The first gene (see Figure 5.2(i)) is a subunit of ATP synthase, which is an integral
membrane protein complex and is a function that is essential in almost all organisms.
This gene is missing in T. acidophilum. tBLASTn of the T. volcanium gene can be
used to find the missing gene in T. acidophilum, whereby Artemis is used to reveal
that the gene is missing the first two amino acids, probably because it occurs at the
very beginning of the genome sequence.

(b) The second gene (see Figure 5.2(ii)) is a 50S ribosomal protein L40E (COG 1552)
which is also an essential gene. Subsequently, tBLASTn of the T. volcanium gene
can be used to identify the missing gene in T. acidophilum.
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Gene Details

Gene Ortholog Neighborhoods (1)

Gene Information

. . . Gene Object ID 638190537
Neighborhoods of roughly same sized orthologs in user-selected genomes are shown below. — m:m'ml TVGD048083
Genes of the same color (except light yellow) are from the same orthologous group (top COG hit’ T TVG:IIMWSS
Light yellow = no COG assignment
Eh ¥ Product Name H+-transporting ATP synthase subunit K
Genome Thermoplasma volcanmm GSS1
Zl Mouse over 2 gene lo see detalls (once page has logdied). DNA Coordinates 40756, 40083 (+3(228bp)
Scaffold Source Therrnopla: rolcaninm G551 DA B
MG ORF Type
_ GC Content 043
g P1asna voloaniun GSEL DNA: BAOOd t 46 Y sius S6085 s1egs_| Accession BABS9189
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_”i:;?np asma-‘?:&?sﬁm i -136785 8675 -367% 1325 6325 11328 A
. Amino Acid Sequence Length 75aa
- a a €06
- } Gene Details
Gene Ortholog Neighborhoods (i)
Gene Information
MNeighborhoods of roughly same sized orthologs in user-selected genomes are shown below. Gene Object ID 638190774
Genes of the same color (except light yellow) are from the same orthologous group (top COG hit] Gene Symbol
Light yellow =no COG assignment Locus Tag TVG250069 |
Product Name 505 ribosomal protein LAOE
Zl Mouse over a gene to see detalls (once page has labdec). Genome Thermoplesia volcanium G351
DNA Coordinates 280069280218 (+)(150bp)
Scaffold Source Thermoplasma volcanium GES1 DNA
Th 1. 1 GSS1 DNA: BAOOOO: G OF Do reel
ermoplasma volcanium H 0011
26017 P T 271617 276647 251617 286617 29161] GC Content 0.44
P 54 b External Links
<4 A d 44d A d & H«aE@3d <d X2 Fusion Mo
Thernoplasma acidophilum OSH 1728: AL139299
1342266 1347266 1352266 1357266 1363.2'66 1367266 1372208 137724 Protein Information
—_— = - = ] Amino Acid Sequence Length 4%a
q ad a4 &3 a9 & I XK o

COG COG1552 - Ribosornal protein LADE

Figure 5.2. Using Gene Ortholog Neighborhoods to examine two T. volcanium genes
that seem to be missing in the T. acidophilum genome.
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6 MyIMG Annotations

The functional annotation for individual genes can be curated using the MyIMG
Annotations features of MyIMG. In addition to curation of functional annotations,
MyIMG provides support for uploading user genome selections that have been saved
earlier from Genome Browser or Genome Statistics and set system wide user
preferences. MyIMG Annotations requires a login and password which can be
requested by filling the Request Account form at: http://img.jgi.doe.gov/request.

MyIMG Annotations provides support for: (1) editing the product name and several
associated fields for one or more related genes that have been previously selected and
saved in the Gene Cart; (2) marking a gene as deleted (removed) from a genome; (3)
finding genes associated with enzymes missing in specific genomes; (4) reviewing the
functional annotations for individual genes or group of genes; (5) exporting to/
uploading from a tab-delimited file functional annotations for genes identified by their
IMG identifier (OID).

6.1 Product Names

Genes that may require product name review and curation can be identified using
various analysis tools, such as those discussed in section 3.

MyIMG provides support for editing the product name and associated information for
one or several related genes. The following annotation fields can be manually edited:

e Product Name

e Protein Description

e EC Number

e PUBMED ID

e Inference

e |s Pseudo Gene?

e Notes

e Gene Symbol

¢ Remove Gene from Genome

First, select and save the target genes for product name curation in the Gene Cart.
Next, use the Annotate Selected Genes link in the MyIMG Annotation section of the
Gene Cart to access the tool that allows editing the fields listed above.

Example 6.1. Consider for review gene PF1186 (IMG identifier 638173757) of genome
Pyrococcus furiosus whose details are shown in Figure 6.1(i). This gene is associated
with product name NADH oxidase, as shown in Figure 6.1(i), and as recorded in
GenBank. The list of top homologs for the gene under review can be displayed display
via the Homologs section of its Gene Details, as shown in Figure 6.1(ii).
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Based on a recent study®, it has been determined that the function for this gene is
NADPH:sulfur oxidoreductase, and an expert review of the best homologs of this gene
indicated that this product name also may be confidently applied to the top three
homologs. The gene under review and these top homologs are added to the Gene Cart,
as shown in Figure 6.1(iii).

Gene Detalls (l) _.I Add Selections To Gene Cart ] Select Al Clear All Phylogenetic Distibution
> its (i
Gene Information Top IMG Homolog Hits ( )
Gene Object I 638173757 Add query gene 638173757
Gene Symbol FF1186
Locus Tag PF1136 Alignment Alignment
Product Name Percent  On on
Select Homolog T Product Naine = s Lengtl
Description Function Code: 4.5 Cellular Procesd Identity OGI::: S:::::f:'
Genome Pyrococcus furiosus DSM 3633
DNA Coordinates. 1131551.. 1132879 (-)(132%bp) [4 | 638207460 - | MADPH:sulfur oxidoreductase (MyIMG:gbp) 88.24 4423
Scaffold Source Pyrococcus furiosus DSM 3633 Al
IMG ORF Type 638200851 -  MNADPH:sulfur oxidoreductase (MyTMG:gbp) 85.68 . 446
GC Contont 0.44 [ 638186008 NADPH:sulfur oxidored: Iy MG ghy 8545 = g 445
Accession AALBIZI0 . s oxidoreductase (My 2op) . -
External Links GL:18893271; PUMA/GL] 8393271 MyIMG Annotation for Selected Genes (iv)
Fusion No
Select Ge"e‘g"m' Locus Tag  Original Product Name A""M".:?I'.:NI"“ ‘i‘:‘?::. Genome
Gene Cart (iii) B | e3s175757 | PF1156 | NADH oxide NADPH sulfur 42 Pyrococcus Ruriosus
i caase oxidoreductase % | DSM 3638
445aa long hypothetical NADPH:sulfur Pyrococcus horikoshi
SelectAll Clear All 638186008 | PHOST2 ||y ruph pidase oxdoreductase M oT3
NADH oxidase NADPH:sulfur :
. 638200851 | PABOD36 (nowA-1) oxdoreductase 446aa Pyrococcus abyssi GES
ene
" = Locus MADPH:sulfur Thermococcus
Selection Dhlte;cl _"ll Product Name [¥] | 638207469 = TK1299 NADH oxdase omdoreduciase 4423 Vodaleraensis KOD1
= 638173757 PF1186 MyIMG Annotation
) N ) o Product Name NADPH sulfur axidoreductase
] 638207469 TK1299 Prot Description
EC Humbae
638186008 PHOST2 —
= 638200851 PAB0936 rforonce
Is Pseudo Gena? E;? i
Enter MyIMG Annotation Hotes
Gene Symbol
You may enter, update or delete your product nawe, function, EC number, P emnave Geas from Geaome? Eg B
Annotate Selected Genes
[ povte s oeres ] ) e = s

Figure 6.1. Review and curation of the product name for a gene of Pyrococcus furiosus
using MyIMG Annotation.

Next, the product name where is changed to NADPH:sulfur oxidoreductase using the
MyIMG Annotation tool accessed from Gene Cart, as shown in Figure 6.1(iv). Other
annotations (e.g., EC number) can be also modified. User annotations are stored in IMG
and can be reviewed at any time using MyIMG viewing options, as shown in Figure 6.2.

Finding missing or problematic protein products across an entire genome in IMG is
facilitated by the Compare Gene Annotations tool. For example, genes without a
product name but with evidence of potential functional annotation or with product name
but without any evidence of functional annotation (see example 3.3) are candidates for
product name review and curation.

% Schut, G.J., Bridger, S.L., Adams, M.W. (2007) Insights into the metabolism of elemental sulfur by the
hyperthermophilic archaeon pyrococcus furiosus: characterization of a coenzyme a-dependent NAD(P)H
Sulfur Oxidoreductase. Journal of Bacteriology.
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Example 6.2. Consider for review the genes of genome Thermoplasma acidophilum.
Compare Gene Annotations for T. acidophilum allows focusing the review on genes
without a product name, but with evidence of potential function provided by association
with a COG, Pfam, or TIGRfam, as illustrated in Figure 6.2(i), or with a product name,
but without any other evidence of function provided by association with a protein family.
Potentially missing or inconsistent product names can be further reviewed through

Compare Gene Annotations (i) (Gene Detail (i)

View annotations for Thermoplasma acidophilum DSM 1728. Gene Information

Select filter *  No Product Name/With Evidence - Gono Objoct 1D 638180166
Gene Symbol Tal00?

Gene Locus Source Cluster Annotation Locus Teg Ta0009
Object ID Ta . .
Product Name hypothetical protein
6381801640 Ta0009 | COGO311 Predicted glutamine amidotransferase involved in SwissProt Protein Product | Glutamine amidotransferase subunit pdxT Q9HM60

pyridoxine biosynthesis

A 4

Tal009 | pfam01174 SNO MG Term :a\'nt:lml Dhosoha!r ﬂh;;—s;foss\;bumt
Ta0009 | EC26.- Transfe . Transferring nitrog groups. - e assigment) (LAIN 09-APR-
SwissProt Glutammine smidotransferase subunit pdcT e scription mesmibrty
KO:K08681 ghutamine amidotransferase [EC:2.6.-..] Genome hermoplasma acidophilum DS
————— e i T i TRl
DNA length . . . - o
== Find Candidate Product Name for Gene
Protein_length X B
SwissProt Glutamine amidotransferass subunit pdsT Display Option: __ Show Al » | FindCandidate Product Name |
KO:K08681 glutamine amidotransferase [EC:2.6.-.-] 20e- 111770
i iv
638180171 | Tab014 | COG1039 Thermostable $-oxoguanine DNA ghycosylase MVIMG Annotation for Selected Genes ( )
638180171 || Ta0014 | pfam00730 HhH-GPD - !
Hydrolasss. Glycosylases. Hydrolyzing N-glycosyl ene orgne Annotated Prot EC
638180171 | TaD014 | EC322. Y e i A Select opjectin | FrMEt | proguctName  Description Number
o . 7 2g1en14s | Hypothetical SNO glutamine
Candidate Product Names for Query Gene (OID: 638180166) (iii) 638180166 | "'liein || amidotramsferase
Genome Name Thermoplasma acidophilum DSM 1728 .
Gene Product Name hypothetical protemn MyIMG Annotation
IMG Termis) pryridosal phosphate synthase yasE subuait ProductName  SNO glutamine amidotransferase
coG Predicted glutamine involved in pyridonine biosynthesis ProtDoscription
Pfam SNO glutamine amidotransferase family EC oD
KEGG Orthology (KO)  ghutamine amidotransferase [EC-2.6 -..] umber
[ Update Annotation Delete Annotation
) MG 7
Qriginal Product .
Select % - ";‘:':; 4 Jerm IMGTerm D € Genome ’:—‘Eﬁ.m on on E-value sfm TIGRfam CoG am N
- i o KenY, candidate  Homolog |
pyridon Predicted
. phosphate . gotamine | o iotamine
F " trans§ g
@ Gsougy SNOBMMERE iy nne 4 p DEmSlnm g . 600055 28 A dotransfaras
= amidotransferase * asidarmanus Ferl involved in family
yaE family
“ubusit pyndozae
biosyathesis
l[ Add to MyMG Annotation !

individual Gene Details, as illustrated in Figure 6.2(ii), as discussed in Example 6.1
above. Alternatively, candidate product names for a query gene of interest can be
identified using the Find Candidate Product Names tool which retrieves the product
names of the gene’s closest homologs, as illustrated in Figure 6.2(iii)). For each
candidate product name, protein family and alignment information is provided in order to
assist in choosing the appropriate product name.

Figure 6.2. Review and curation of the product name for a gene of Pyrococcus furiosus
using MyIMG Annotation.

For genes for which a product name has been identified with the Find Candidate
Product Names, the MyIMG Annotation tool is accessed via the Add to MyIMG
Annotation link available on the Candidate Product Names results page, as illustrated
in Figure 6.2(iii)). MyIMG Annotation allows editing the product name and associated
information, such as protein description and EC number, as illustrated in Figure 6.2(iv).
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6.2 Missing Enzymes

The metabolic capacity of a genome is defined by its association with pathways via gene
products that function as enzymes serving as catalysts for reactions in these pathways.
A genome-pathway association may be partial, with “missing” associations between
enzymes for reactions on the pathway with genes on the genome. We call such
associations missing enzymes.

6.2.1 Missing Enzymes for Specific Genomes and Genes

MyIMG provides support for revising missing enzymes for specific genomes and
genes. For each genome, the Genome Statistics section of its Organism Details page
contains a count of “Genes without enzymes, but with candidate KO based enzymes”
which leads to a list of genes that could be associated with enzymes predicted via
KEGG Orthology (KO) terms*. These predicted enzymes can be examined for accuracy
and then associated with genes using MyIMG Annotation tools.

Organism Details (i) Genes wlo enzymes but with candidate KO terms (i)
Organism Information Genome (638154522): Thermoplasma volcanium GSS1
Organism Hame Thermoplasma volcanium GSS1 Add ar replace MyIMG gene-enzyme annotation
Taxon Object ID 638154522
Genome Statistics ®Add  © Replace
Genes total number 1615
- 3 Update MyIMG Annotation | | #dd To Gene Cart Select All Clear All
Protein coding genes connected to KEGG pathways 498
not connected to KEGG pathways 1063 |
B — lick on column name to sort.
Protein coding genes connected to KEGG Orthology (KO) s
not connected to KEGG Orthology (KO) 683 Alignment
Protein coding genes connected to MetaCyc pathways 4 Select Gene 010 Product hame Ll mﬁw 7;;:;[ G(e):e Evane  F
cted o MeaCy : 5t
not connacted to MetaCye pathways 1516 2-dehyiro- N i
Protein coding genes conneected to SwissProt Protein Product [ 638101803 3-deoxyphosphogalacionate | KOK05308 %:_::"3';’ 0] ase 811 £.00e-65 0
not connected to SwissProt Protein Product 1466 ‘:J:SD"“’ — -
Protein coding genss with enzymes an 7 gsioosyy T PrsOme reEaony KOK06027 ;;::lci P :ﬁ“]’g‘ ase 2350 — 7,00 17
I w/o enzymes but with candidate KO based enzymes _I‘e g3g100g7g Shydronburyryl-Cod KOKOL715 3|-1.1_\'dxo:i\’burl;?1l-c..e;-\__‘ 24.65 . 5.00e-10 | 674
MyIMG Annotation for Selected Genes  (iv) H
Y
" Original  Annotated
. Gene Dbject Prot PUBMED
New Annotations (|||) seiect 7 P'r.:f::l Phrlg::n? Description EC Number " T inference
; 265 268
Genome (638154522): Thermoplasma volcanium GSS) proteasome | protrasome

4 638100807 EC3.6.4.6

regulatory | regulatory

subunit subunit
I Change MyIMG =
Product Name 265 proteasome regulatory subunit

A 4

PProt Description
Add To Gene Cart Export Annotations Select All EC Number EC 3646
PUBMED ID
Click on column name to sort.
Inference
Yes
Original Annotated Annotated Is Pseudo Gene? |No
Annotated Annotated
Select Gene OID Product Product Prot Desc EC Number PUBMED Unknown -
Hame Name | e (1]
Notes
268 265 Gene Symbaol
§3g10pggy Proteasome  proteasome EC3.6.4.6
= regulatory  regulatory o Prot Description
St Subu £C Number EC35.45

Figure 6.3. Examining Missing Enzymes for a Specific Genome.

* IMG genes are assigned KO terms associated with KEGG genes to which they correspond via NCBI Gl
numbers. For IMG genes that have no KEGG correspondents, BLASTP is run against KEGG genes, with
the results organized in a list of candidate KO assignments, using 1e-2 cutoff for the top 25 KEGG gene hits.
A subset of this list (1e-5 cutoff, 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) is used to assign KO terms and
enzymes to IMG genes, while the rest of the list is used for searching potentially “missing enzymes”.

April 2009 24



IMG 2.8 ER Tutorial

Example 6.4. Use the Genome Browser for selecting Thermoplasma volcanium GSS1
(T. volcanium) genome and examine the Genome Statistics section of its Organism
Details, as shown in Figure 6.3(i). Follow the “Genes w/o enzymes, but with candidate
KO term based enzymes” link to the list of genes that have enzymes predicted via KO
term associations, as shown in Figure 6.3(ii).

Select the genes you want to associate with the predicted enzymes and then use
Update MyIMG Annotation, as shown in Figure 6.3(ii)). You can either Add the
predicted enzyme to or Replace an existing enzyme in your MyIMG annotation. The new
gene-enzyme associations are listed for review, as shown in Figure 6.3(iii). MyIMG
Annotations can be further revised as shown in Figure 6.3(iv).

Instead of associating lists of genes with the top predicted enzyme, one can examine all
enzyme predictions for individual genes via Find Candidate Enzymes available in the
Gene Information section of the gene’s Gene Detail page, as illustrated in Figure 6.4(i).

Example 6.4. In the list of genes of Thermoplasma volcanium GSS1 (T. volcanium)
genome that have with KO term based predicted enzymes (see Figure 6.3 (ii) go to the
Gene Detail page for the gene with IMG identifier 638191803. Use Find Candidate
Enzymes immediately before the Evidence for Function Prediction section, as shown
in Figure 6.4(i), to get to the list predicted genes on the Candidate Enzymes Using
KEGG Orthology page, as shown in Figure 6.4(ii). Examine the enzymes in the list and
select the best predicted enzyme(s).

Gene Detail (i)

Gene Information Add Enzyme(s) to Selected Gene in MyIMG Annotation (iii)
= Gene (638191803): 2-dehydro-3-deoxyphosphogalactonate aldolase

Gene Information N :

Gene Object ID 638191803

Gene Symbol TVG1250055 Select EC Number Enzyme Name

Locus Tag TVG1250055 [¥] |EC42.139 Gluconate dehydratase

Product Name 2-dehydro-3-deoxyphosphogalactonate aldola | ¥ | EC22.16 | Galactonate dehydratase

Genome Thermoplasma volcanium GSS1

Add or replace MyIMG gene-enzyme annotation:
| - - — | % Add
Add To Gene Cart Find Candidate Enzymes Shoy Replace

Update MyIMG Annotation Reset

Candidate Enzymes Using Kegg Onthology (KO) (ii)

Gene (638191803): 2-dehydro-3-deoxyphosphogalactonate aldolase

Click on column name to sort.

. Enzymes Alignment
Select CEa:dn?:Ie Enzyme Name KOID KO Defnition associated with w E-value Silr
Luzme thisko | 98 cangigate oit
Gluconate gluconate
v EC4.2.1.39 dehvdratase KOK05308 dehydratase EC:4.2.1.39 38.11 - ~ || 8.00e-65 250
: : [EC4.2.1.39)
Galactonat galactonate
W ECA2.16 | giiSCRT KOK01684 defydratase EC4.2.1.6 37.74 - |6.00e-52 207
N ) [EC:4.2.1.6]
I Add to MyIMG Annotation I Select All Clear All

Figure 6.4. Examining Missing Enzymes for a Specific Gene.
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Use Add to MyIMG Annotation, as shown in Figure 6.4(ii), and then either select Add
or Replace, as shown in Figure 6.4(iii), to update the MyIMG enzyme annotation for this
gene.

6.2.2 Missing Enzymes within a KEGG Pathway or Function Profile

MyIMG provides support for examining missing enzymes for a specific genome, G,
using either a KEGG Pathway Map for G or a Functional Profile involving G and
enzymes of interest, as illustrated in Figure 6.5.

-
img "\ —_IKEGG Map (for Finding Missing Enzymes)ii) |
o KEGG Pathway Details (ii) [ Genes in Thermoplasma voleaniva| Find Candidate Genes for Missing Function (iv)
e Details for Lysine degradation r Enzymes with KO hits. Genome: Thermoplasma volcanium GSS1
Enzymes in Pathway -I LYSINE DEGRADATION | Function: (EC:2.6.1.39) 2-aminoadipate transaminase.
Using Homologs or Orthologs

[ Add Selected to Function Cart ] Using KO

Alanine and aspartate m{ 2'0"0"‘1?“ @' Using Both

o
Arginine and proline me} | o e wumber

Cvsteine metabolism
Glutamate metabolism
Glvcine, serine and thre

/ Using Homologs or Orthologs

EC:1.1.1.35 3-hydroxyacyl-C:

EC:1.13.122 |/ Lvsine 2-monoox)

_m S e =

- -

[Cisie Gezadason |- View Pathway Map .
NEOne Tempansm (i< ; Bohil B DEN TR D Database Search Options:
Phenvlalanine metabolis: ‘,)' F] . Currently selected genomes (fast)
‘‘‘‘‘ E Whole database (slow)
= © Archaea Funcfion Profile (V) BL:
- | Euryarchaeota Genome 36
= = —= - Thermoplasmal 11
Valine, leucine and isoleucine biosvnthesis - plas 9 3
Valine. leucine and isoleucine degradation srmoplasmay
. .. A Thermoplasmaj = 1=T 2
Candidate Genes for Missing Function (vi) . ALC
Similarities:
Genome: Thermoplasma volcanium GSS1 @ Orthologs (bi-directional best hits) (fast)
Function: (EC:2.6.1.39) 2-aminoadipate transaminase. v Homologs (slow for whole database)
Enzyme . .
Sel Candidate = Candidate Gene for Ortholog Orttwioq Gene | Enzame for Percent Alignment | Alignment Bit Confirmed
ect Gene Product Candidate Gene Eroduct Qrtholog | 0| € Genome Identity on Evalue Score by KO? KO
Gene _ (IMG Term) Gene Candidate  Ortholog Score ?
2 oy
§3819001 | M ga127g473 | EmincadEate | gy 39 4 | F 46.12| s ) | 8002102 373 Vas KO:K00825
amenotransierase transaminase.
| Addto MyING Annotaton J Select Al Clear Al

Figure 6.5. Examining Missing Enzymes with KEGG Pathway Map and Function
Profile.

Example 6.5(a). Use the Genome Browser for selecting Thermoplasma volcanium
GSS1 (T. volcanium) and Thermoplasma acidophilum DSM 1728 (T. acidophilum)
genomes. Save these selections. Select Find Functions in the Main Menu and then
select the KEGG browser with the KEGG Pathways via EC Numbers option, as
illustrated in Figure 6.5(i). Selecting the Lysine degradation pathway will lead to the
KEGG Pathway Details page for this pathway, as shown in Figure 6.5(ii). You can
either:

(i) Select View Map at the bottom of the KEGG Pathway Details, and use the “Find
Missing Enzymes” option to display the KEGG map for the Lysine degradation
pathway, as shown in Figure 6.5(iii), or
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(i) Select enzymes of interest from the list of enzymes (e.g., EC:2.3.1.9,
EC:2.6.1.39) provided by the KEGG Pathway Details, save them in Function
Cart, and compute a Function Profile for these enzymes across T. volcanium
and T. acidophilum which will result in the profile shown in Figure 6.5(v). On the
KEGG Map, enzymes that are associated with a T. volcanium gene are colored
blue, while so called “missing” enzyme are colored either green, for enzymes
that have a KO term based prediction for a T. volcanium gene, or white, for
enzymes without any enzyme predictions for T. volcanium genes. Clicking on a
missing enzyme such as EC:2.6.1.39, as illustrated in Figure 6.5(iii), will lead to a
Find Candidate Genes for Missing Function page, as shown in Figure 6.5(iv).
Note that selection of a (green colored) missing enzyme that has a KO term
based enzyme prediction enhances the chances of finding for it good candidate
genes.

In the Function Profile result, enzymes that are associated with T. volcanium or T.
acidophilum genes are identified by positive integer numbers which represent the count
of genes associated with the enzymes, while so called “missing” enzyme are identified
by a “0". Clicking on the “0” identifying a missing enzyme such as EC:2.6.1.39, as
illustrated in Figure 6.5(v), will lead to a Find Candidate Genes for Missing Function
page, as shown in Figure 6.5(iv).

For missing enzymes of interest, MyIMG provides support for associating candidate
genes with these enzymes.

Example 6.5(b). Consider “missing” enzyme EC:2.6.1.39 discussed above, and leading
to Find Candidate Genes for Missing Function page, as shown in Figure 6.5(iv).

You can find candidate genes of T. volcanium that could be associated with this enzyme
as follows:

(i) Search for T. volcanium genes that have homologs/orthologs, associated with
enzyme EC:2.6.1.39, or KO term based predictions for enzyme EC:2.6.1.39, or both,
as illustrated in Figure 6.5(iv).

(i) 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
(i.e. T. acidophilum). If you have started from a Function Profile, you can also
restrict the search to the genomes involved in the profile. You can change the default
values set for percent identity and e-value cutoffs and the number of retrieved
homologs. When the combination of homolog/ortholog based search and KO term
based predictions are used jointly, the results are listed together. The result of this
search lists T. volcanium candidate genes, as illustrated in Figure 6.5(vi). You can
select a candidate gene and associate it with the “missing” enzyme using the MyIMG
Annotation tool.
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From the list of candidate genes you can select a candidate gene and go to the Add
Enzyme to Candidate Gene in MyIMG Annotation tool shown in Figure 6.6(i). You can
either add or replace the “missing” enzyme for the selected candidate gene. If you
started your search for a candidate gene via a Function Profile, you can rerun the
profile and see the effect of your annotation, as shown in Figure 6.6(ii) and 6.6(iii).

Add Enzyme to Candidate Gene(s) in MyIMG Annotation (i)

Gene Object Old MyIMG New MylMG AddReplace
Select D Gene Display Name Genome Enzyme(s) Enzyme Add
Replace
7l 638190918 aspartate Thermoplasma EC2.6.1.39 9 Add
=——=—=—= | aminotransferase volcanium GSS1 e Replace
Display New Results in:

Function Profile (view functions vs. genomes)

Gene Information (iii)
[ Update MG Annotation | Reset
Gene Information
Gene Object ID 638190918
. . Gene Symbol TVG0393535
Function Profile
(ii) Locus Tag TVG0393535
Product Name aspartate aminotransferase
EC: EC: e Tl m = - .-
2 2 - N - -~ Sa_ s
Genome 0 % % MyIMG Annotation
9 39 Product Name aspartate aminotransferase
Thermoplasma acidophilum DSM 1728 | A/ 5 0 Prot Desc
Thermoplasma volcanium GSS1 5 ‘ 1 l’——} EC Number EC:2.6.1.39

Figure 6.6. Associating a Candidate Gene with an Enzyme using MyIMG Annotation.
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6.3 Missing Genes

Reviewing the genes and functional annotations for genomes may reveal genes that
were missed by the gene prediction pipeline. Such potentially “missing genes” are
usually found in IMG by comparing the gene content of related genomes with the
Phylogenetic Profiler for Single Genes. This tool allows finding genes in a genome of
interest that are present or missing (i.e., with or without homologs) in other genomes.

Example 6.6. Employ the Phylogenetic Profiler for Single Genes to find genes in the
T. volcanium genome that are missing in its closely related genome T. acidophilum, as
discussed in Exampl 4.1 and as shown in Figure 6.7(i). Examining the potentially unique
genes shown in Figure 6.7(ii) reveals a 50S ribosomal protein L40E which is known as
an essential gene, probably missed by the gene prediction pipeline.

Further review of potentially missing genes is provided by a new Missing Gene function
that has been added to the Phylogenetic Profiler tool. In the example shown in Figure
6.7(ii), Missing Gene is applied on the 50S ribosomal protein L40E, which involves
running TBLASTn of this T. volcanium gene’'s protein sequence against the T.
acidophilum DNA sequence in order to determine whether it is missing in this genome,
as shown in Figure 6.7(iii).

— 1
L - .. - I
Img \ Phlyogenetic Profiler for Single Genes Results (ii)
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TBLASTN 2.2.15 [Oct-15-2006]
Similarity Cutoffs Sequences producing significant ali
B T —_—_ T
Max. Eval - 103 bits (257), Expect = 9a-25
ax mvane bl Identities = 48/48 (97%), Posivives = 48/4% (100%]
4 List of Potential Missing Genes (IV) Frame = +2
Query: 1 MAFPEAVERRLNKKICMRCYARNSIRATRCRKCGY]
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select (U | Start gng | Sublect | SublectTeXOn Tgian Ena  Frame  scaffold | P evaiy RCYARNS !
Coord Coord Coord Coord Sbjct: 1365728 MA AVE ICMRCYARNSIRATRCRECGY
Thermoplasma new gene true coords: 1365728, 1366168
638190774 | 1 49 638154521  acidophilum 1365728 | 1365874 | +2 AL139299 | 103 Ge.25]
DSM 1728 | Add Missing Gene
[ Add My Missing Gene Annotation " -
Update Missing Gene Annotation (v) L - - - -
Sequence Viewer indicates potential start coden region.
Missing Gene OID: 34 indicates possible Shine-Dalgarno region.
: . . Fl 3 F ¥ F F
(Genome 638154521: Thermoplasma acidophilum DSM 1728 | ¢,
3
Product Name S0S ribosomal protein L40E &
Scaffold AL135289 ~
1385928 ATOAAACCOGAGOTATTTTTTTCAGTCAGGAGAAGCGG]
Start Coord 1365028 D T
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Figure 6.7. Finding and reviewing missing genes in IMG ER.
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6.3.1 Handling Missing Genes within IMG ER

Missing gene curation in IMG ER is provided by the Add Missing Gene Annotation tool
available in Missing Gene’s TBLASTN result.

Example 6.7. Consider the potentially missing gene discussed in Example 6.6 and
shown in Figure 6.7(iii). The start and end coordinates of potentially missing genes are
computed and provided at the end of the TBLASTN result. Use Add Missing Genes to
display the list of the missing genes, as shown in Figure 6.7(iv). Each gene in this list
can be examined using the Update Missing Gene Annotation tool, as illustrated in
Figure 6.7(v). A Sequence Viewer which displays the six frame translation with putative
ORF's, potential start codons, Shine-Delgano regions, and associated GC plot helps
review the gene coordinates which can be adjusted.

Following the review of its coordinates, a missing gene can be recorded in IMG ER using
Update My Missing Gene Annotation. While the homologs, paralogs, and orthologs of
predicted genes are computed as part of a genome’s inclusion into IMG ER, such
computations are not performed for missing genes since they would affect all the
genomes in the system. These computations are carried out by reloading the revised
genome into IMG ER.

6.3.2 Handling Missing Genes outside IMG ER

After determining that a gene x of a genome G is missing because of a similar gene, x’

in a closely related genome G’, you can use Artemis (Rutherford & al 2000) to review

the missing gene outside IMG ER as follows:

1. Pick the sequence for gene x’ from and run TBLASTn against genome G where you
want to find the missing gene.

2. If you get a TBLASTnN hit, copy part of the sequence and paste it into the Artemis
navigator in the box labeled "Find Amino Acid String", as shown in Figure 6.8(i). The
navigator is under the "Go to" menu. Then click on "Goto" button.

3. The amino acid sequence is highlighted, as shown in Figure 6.8(ii). Go to "Create"
menu and select "Create feature from base range", as illustrated in Figure 6.8(iii).

4. To extend the gene, go to the "Edit" menu and select "Extend to next stop codon",
then select "Fix stop codons".

5. To find the 5' end, under the "Edit" menu, click on "Extend to previous stop codon"
(you can also use Control-Q for this), as illustrated in Figure 6.9().

6. To get the amino acid sequence, go to the View menu and select "View amino acid
sequence as FASTA". BLAST the sequence against NCBI or IMG. Based on the
aligned sequences, find where the start codon should be, as illustrated in Figure
6.9(ii).

7. Select the start codon by pressing "Control-Y". "Control-Y" moves the 5' end to the
next potential start codon, as illustrated in Figure 6.9(iii).
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Figure 6.8. Using Artemis to define a missing gene.
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Figure 6.9. Using Artemis to define a missing gene (cont.).
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After determining the coordinates of a missing gene using a sequence editor such as
Artemis, the gene can be recorded into IMG ER using MyMissing Gene Annotations

as illustrated in Figure 6.10.

img/er oy -\

EXPERT REVIEW

G Home Find Genomes Find Genes Find Functions

MylMG Home | My Genomes | Annotations | Preferences | Logout

IMG User Annotations (i)

e = -

View My Missing Gene Annotations

Compare Genomes

Analysis Caris

MyMG

Using MG

View My Missing Genes ] View Group Missing Genes

View All Missing Genes

T New Missing Gene Annotation (iv)
My Missing Gene Annotations (i) Genome 638154522: Thermoplasma volcanium GSS1
No My Missing Gene Annotations. Product Name
Locus Tag
[View Missing GeneAnnotaﬁons] | Add Missing Gene Annotation | EC Number
Scaffold BAD0OO1T «
W Start Coord
Select Genome for Missing Gene (iii) End Coord
Strand -
Please select a genome from the list. Yes
Is Pseudo Gene? |Mo
. Unknown -
Thermococcus ennurineus MAT [A][F] _
Thermofilum pendens Hrk 5 [A][F] Description
Thermoplasma acidophilum DSM 1728 [AJIF]
[Thermoplasmavolcanium GSSTAIFT || Gono Symbol
Thermoproteus neutrophilus V245ta [A)[F] Hit Gene OID
| Selectto Add My Missing Gene !
[ Add My Missing Gene Annotation J

Figure 6.10. Entering a missing gene using MyMissing Gene Annotations.

Example 6.8. Consider a missing gene edited using Artemis. You can record this gene

in IMG ER by first selecting View My Missing Genes available at the end of the IMG

User Annotations page, as shown in Figure 6.10(i). Next, select Add Missing Gene

Annotation, as shown in Figure 6.10(ii). Select the target genome, as shown in Figure
6.10(iii)), then fill in the information regarding the gene using New Missing Gene
Annotation, as shown in Figure 6.10(iv).
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6.4 Deleting or Merging Genes

Reviewing the genes and functional annotations for genomes may reveal mispredicted
genes, namely: (1) genes that need to be deleted (removed) from a genome; and (2)
genes that need to be merged into a single gene.

In order to delete a gene, first include it into the Gene Cart. Next, use the Annotate
Selected Genes link in the MyIMG Annotation section of the Gene Cart to access the
MyIMG Annotation tool that allows editing the gene, and set to “Yes” the Remove
Gene from Genome field.

In order to merge genes into a single gene, first delete all the genes as discussed
above, then create a new gene using MyMissing Gene Annotation tool as discussed
above in Example 6.8 and illustrated in Figure 6.10.
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7 Reviewing MyIMG Annotations

MyIMG annotations for all the genes that you have curated can be reviewed using the
View My Annotations section of the IMG User Annotations page. This page can be
accessed using the Annotations sub-menu of the MyIMG main menu tab, as illustrated
in Figure 7.1(i). Two review alternatives are available:

(i) All the genes can be displayed in a tabular format, where each row consists of
the annotations for an individual gene, as illustrated in Figure 7.1(ii).

(i) The genes are first displayed grouped per genomes, as illustrated in Figure
7.1(iii). You can select the list of genes for a specific genome to review their
annotations.
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Figure 7.1. Review MyIMG Annotations.

The page displaying MyIMG Annotations for curated genes provides support for
exporting these annotations to a tab-delimited file using Export Annotations (see
Figure 7.1(ii)). The file has the following column headers:

e gene_oid: Gene Object ID;

¢ MyIMG_Annotation: annotated product name;

e MyIMG_Prot_Desc: annotated prot desc;

o MyIMG_EC_Number: annotated enzyme EC number(s);
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¢ MyIMG_PUBMED_ID: annotated PUBMED ID(s);
¢ MyIMG_Inference: annotated inference;

o MyIMG_Is_Pseudogene: is pseudo gene?

¢ MyIMG_Notes: user annotated free text notes.

Annotations can be uploaded using the Upload Annotations section of the IMG User
Annotations page from a tab delimited file with the structure specified above. Only
"gene_oid" and "MyIMG_Annotation" columns are mandatory, with the rest optional.

MyMissing Genes for the genes that you have curated can be reviewed using the View
My Missing Gene Annotations section of the IMG User Annotations page, as
illustrated in Figure 7.2(i). Your missing genes will be displayed in a tabular format, as
illustrated in Figure 7.2(ii). You can select a gene of interest and review the information
associated with it, including its start and end coordinates, its product name, etc., as
illustrated in Figure 7.2(iii). You can update the information association with a missing
gene using the Update Missing Gene Annotation, as illustrated in Figure 7.2(iv).
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Figure 7.2. Review MyMissing Gene Annotations.
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MyIMG annotations for all the genes of a specific genome can be also reviewed starting
from the Organism Details page for that genome, as illustrated in Figure 7.3(i).
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Figure 7.3. Review MyIMG Annotations for a Specific Genome.

Genes with MyIMG annotations are presented as a list, as shown in Figure 7.3(ii) and
can be included into the Gene Cart or reviewed individually through their Gene Details.
Missing genes, such as that shown in Figure 7.3(iii), can be reviewed using its MyGene
Details page, as shown in Figure 7.3(iv), which includes its location on the scaffold as
well as the functional annotation it has “inherited” from the gene used to identify it.
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Glossary of Terms

Enzyme — A protein catalyzing a biochemical transformation (i.e., accelerating a chemical
reaction).

Fusion — A hybrid gene formed from two previously separate genes; components of a fusion
gene are the separate genes, while a composite gene is the result of the gene fusion.

Gene (or protein) annotation — A description of the gene or protein product in the molecular,
cellular, and phenotypic context (e.g., interactions of a protein with other proteins or metabolites,
participation of a protein in a biochemical pathway, or the effect of a gene knockout on the
phenotype of an organism).

Genome context of a gene — A set of parameters defining the spatial position of a gene on the
chromosome or a plasmid in a certain genome, including its co-localization with other genes,
regulatory elements in its proximity, location of a gene on the leading or lagging DNA strand,
etc.

Gene symbol — A unique abbreviation of a gene name consisting of italicized upper-case Latin
letters and Arabic numbers, assigned after a gene has been identified.

Locus tag — A systematic gene identifier that is assigned to each gene in a Genbank file. For
details see http://www.ncbi.nlm.nih.gov/Genbank/genomesubmit.html#locus_tag

Metabolism — A set of chemical transformation taking place within a living cell, multicellular
organism, or a microbial community.

Metabolic network — A representation of metabolism as a graph with nodes corresponding to
metabolites and edges representing the reactions (or enzymes catalyzing the reactions).

Metabolic pathway — A set of consecutive biochemical transformations (enzymatic and
spontaneous reactions) taking place in a living cell.

Homologous genes (homologs) — Genes with sequence similarity (either at the level of
nucleotide sequence or at the level of amino acid sequence of their protein products) due to
their shared ancestry.

Orthologous genes (orthologs) — Genes with sequence similarity separated by speciation
events or vertically inherited genes: if a gene existed in a species, which gave rise to two
species, then the divergent copies of the gene in the resulting two species are orthologous.

Paralogous genes (paralogs) — Genes with sequence similarity separated by duplication
events.

Operon — A group of genes sharing the common regulatory elements
(promoter, operator, terminator) and transcribed as a unit to produce a single messenger RNA.

Regulon — A group of genes and operons in an organism under regulation of the same
regulatory protein.

A detailed Glossary of Terms is available at: http://ghr.nlm.nih.gov/ghr/page/Glossary
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