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IMG 3.3 Content Genomes

The content of IMG 3.3 has been updated with new microbial genomes available in RefSeq
version 43 (September 05, 2010). IMG 3.3 contains a total of 6,423 genomes consisting of
2,507 bacterial, 100 archaeal, 76 eukaryotic genomes, 2,584 viruses (including bacterial
phages), and 1,156 plasmids that did not come from a specific microbial genome sequencing
project. Among these genomes, 5,009 are finished genomes, and 1,410 are draft genomes,
and 4 are permanent draft (i.e., will never be finished) genomes.

Note that 21 microbial genomes from IMG 3.2 were replaced in IMG 3.3 because (1) a
draft genome has been replaced by its finished version, or (2) the composition of the
genome has changed through the addition of new replicons (plasmids, chromosomes). For
replaced genomes, the gene object identifiers (gene OIDs) for the protein-coding genes
(CDS) were mapped to their new version in IMG. 3.3. See IMG Data Evolution History for
details.

IMG 3.3 also contains proteomic data from Arthrobacter chlorophenolicusl,
Cryptobacterium curtum, and Brachybacterium faecium studies.

IMG Statistics

Various statistics are provided via the IMG Statistics link on the home page of IMG, as
shown below, including IMG Total Gene Count which consists of counting all the genes
(protein coding genes, RNA genes) in IMG, except obsolete genes. Compared to IMG 3.2,
IMG 3.3 contains 10,151,522 genes, an increase of 781,122 genes.
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IMG 3.3 Ul
New CSS Menu

IMG is now using CSS menu. To display menu you just mouse over text area. See Figure 1

=
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Figure 1 CSS Menu

New Message Area

Message area located below the menu has been updated. See Figure 2. It now has four new
features:

1. Navigation breadcrumbs.

2. JavaScript warning message box (when JavaScript is disabled in your browser).

3. New loading message with loading icon and loaded message.

4. Page help indicator image if available.

MG Hame: Find Genes | “ind Function | Compare Genomes | Analysis Cart | by IS | Using MG |
< Hotre: = Find Genomas < Loading... ) ‘ b’

A
Tour prowser coes not have JavaScrpt =nabled. Please enable JevaScrpt to niew MG geta accurately /

Genpme Browser 4 / /
| / 7

Breadcrumbs JavasScript errors Loading Message Page help
indicator

Figure 2 Messages Area
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Updated Question and Comments Form

We have updated the Question and Comments Form with Google’s reCaptcha as part the
submission form to reduce spam and bots. It is a required field. See Figure 3 Question and
Comments with Google reCaptcha.

Questions and Comments about IMG

Ifyou request supplementary IMG materials for educational purposes,
nlease provide your full name, affiliation, address, name of course, and course description.

Fields marked with an * are required.
*Marne:
*Ernail:

*Subject:

‘Message:

*To prevent spam and ahuse, please enter the text shown in the window below.
ReCaptcha is required to submyg i ormments.

TepSed SERRER

Google reCaptcha
T

N,

> Submit

Figure 3 Question and Comments with Google reCaptcha

Download

You can now download public genome sequence files used in IMG. Download link is
available under menu “Using IMG” (See Figure 4). Currently, it is an ftp site. This is a
completely FREE service with limited resources, so PLEASE be respectful to others and
LIMIT your ftp connect to ONE per session.
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Figure 4 Download menu link

Index of fip://ftp.jgi-psf.org/pub/IMG/

£ L to higher level directory

Name
[Z] README.xt

L limg_w_w320

Figure 5 FTP download site.

Miscellaneous

There are several other Ul improvements:
1. Increased web page caching.
2. Common BLAST request and results will be cached.
3. Cassette Profiler results cached.
4. Home page and IMG Stats pages will be cached for 24 hours.
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Protein Expression Studies

Find Up/Down Regulated Genes

Users can select 2 samples of interest to see which genes are up-regulated and which are
down-regulated between the two experimental conditions.

Find Up/Down Regulated Genes

Reference:
 Use 1 as reference
% |ge 2 as reference

Metric:
g logR=log2({query/ reference)
o RelDif=2{query - reference)i{gquery + reference)

Threshold: |1 (default=1}

You may select 2 samples to identify genes that are up or down regulated.

Preview [ Compare

Difference in expression between 2 samples

Reference: 6 Query. S

Gene Count

150

125

100

73

50

23

count=108 [lagR=0.572]

Metric

W logR W RelDiff

Figure 6 Find Up/Down Regulated Genes - Preview

A user can find all the genes whose expression levels differ by a specified threshold. The
difference in expression is computed using either the logR=log2(query/reference) or the
RelDiff=2(query-reference)/(query+reference) metric. The user can preview the comparison
to see the value spread in a histogram (Figure 6). This helps in choosing which metric and

what threshold value to use.
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Up/Down Regulation

Arthrohacter chlorophendlicus AB

Impact of Phenolic Substrate and Growth Temperature on the Arthrobacter chlorophenolicus

Reference sample: Wt 100 ppim 4-MP; Growth termp (C: 28 0.7 ug protein; Tube B; (Replicate 2
Guery sample: Wt 100 porm 4-MP; Growth temp (C): 28, 13.2 ug protein; Tube &; (Replicate 1)

¢ Ciicis on a tab fo select wp- oF down- reguliated genes to add to gene cant
Difference In exprassion levels is computed using the fogR metric
Exprassion ievels differ by a threshoid: 1

Diown-regulated Genes

| Add Selestions To Gene Cart | Select Al Clear Al

Search column: | logR | Searchterm: I—

Page 1 073 122 nets last== [100 =
Column Selector | | Select Page || Deselect Page |
Select  GenelD Locus Tag Praduct Marme B & logR ~
- 643590150 | Achl_1740 transcriptional regulator, GntR family 00069444 00555556  3.00001
[l 6435918758 | Achl_3469 FAD dependent oxidoreductase 0.0023952  0.0179641 290690
- B43590353 | Achl_1949 Cytachrome bibE domain protein 0.0053957 00341727 266296
- 6435890491 Achl_0694 DMA palymerase lll, subunits gamma and tau 0.0016639 00099334 258496
r 643680253 Achl_0852 transcriptional regulator, CarD family 0.0125000 0.a7s50000 258496
- 543590398 | Achl_1994 EZE;fbhofqtplzr:s.rssgz;:E?:;T;thenateIcysteine ligase 00048193 | 0.0289157 | 255436

Figure 7 Find Up/Down Regulated Genes

When the user clicks “Compare,” the up- and down- regulated genes are presented in
separate tabs (Figure 7). The user can then select which genes to add to the Gene Cart.
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Cluster Samples

You may select samples and cluster them based on the coverage of the expressed genes.
Proximity of grouping indicates the relative degree of similarity of samples to each other.

Clustering Method:
& Pairwise complete-linkage (default
 Pairwise single-linkage
" Pairwizse centraid-linkaoge
" Pairwise average-linkage

Distance Measure:
" Mo gene clustering
' Uncentered correlation
& Pgarson correlation (defaulty
" Uncentered carrelation, absolute value
" Pearson correlation, absolute value
o Spearman's rank correlation
 Kendall's tau
" Euclidean distance
 Cit-hlock distance

Minimum number of samples in which a gene should appear in order to be included: |24 (defaul=2)

V! Use only genes from gene cart

[ Cluster ] Reset

Figure 8 Cluster using only genes from gene cart

A user can now go back, select all samples, and cluster them using only the genes in the
Gene Cart (Figure 8). Alternatively, the user can use “Describe” to see the Gene Cart genes
in the context of the KEGG maps, chromosomal neighborhood, and cassettes that they
belong to.

Describe Samples

You may select samples to compare and describe.

¥ Use only genes from gene cart

[ Describe }

Figure 9 Cluster using only genes from gene cart
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Phylogenetic Distance Tree - Integration

Gene Homologs

“Phylogenetic Distribution” button on the Gene Homologs page now links to the
Archaeopterix applet (Figure 10), used to display the phylogenetic tree. This tree is colored
by the count of homologs (Figure 11).

Gene Homolog

Customnized Homolag Display

Homolog Selection ITDp IMG Homolog Hits j

Top IMG Homolog Hits

Phylogenetic Distribution

Types Ty O = Orthalog, P = Paralog, H - Putative arigin of Harizontal Transfer, - = ather unidirectional hit.
Diomains{D): B=Bacteria, A=Archaea, E=Eukarya, P=Flasmids, ¥=Yiruses.
Genome Completion(C): F=Finished, P=Permanent Draft, D=Draft.

¥ add query gene G38155342

[ Add Selections Ta Gene Cart ] Select Al Clear Al

Search culumn:lElitSCDre =l Searchterm:l
Page 1 of 3 123 ned> jast=> [100 =]

Column Selector | | sSelectPage || DeselectPage |
Percent Bit _
Select Hamalog T |dentity Length E-value Scare Domain Status Genome Mame
r B48021755 O 58.43 524aa  5.0e-166 587.0 A F Ferroglobus placidus DSM 10642
I B381876ES O 53.42 538aa  1.0e-147 517.0 A F ABropyrum pernix K1
I 540820074 O 46.26 523aa  8.0e-119 430.0 B F Mitratiruptor sp. SB155-2
I B47586885 O 51.19 434aa  1.0e-1186 423.0 A D Aciduliprofundum boonei T469
I B47586746 - 50.95 434aa  3.0e-116 421.0 A D Aciduliprofundum boonei T469

Figure 10 Gene Homologs link to Archaeopterix applet
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Phylogenetic Tree for All Genomes

Displaying homologs for gene: 637112107
[ homolog counts: 0, 1, 2, >2 ]

3631 genomes were analyzed
The tree below is generated using the Archaeopteryx applet

|
‘ Launch in separate window

View phyloXML

Oxalobacter formigenes OX!

polderia
purkh
xonomy Colorize

M Colorize Branches pordete™
Display Data:

W Node Name

W Taxonomy Code

conomy Name

Click on Node to:

Open Taxonomy Web

Figure 11 Gene Homolog counts displayed in Archaeopterix applet.
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Hierarchical Genome Clustering
Genome Clustering now also links to the Archaeopterix applet (Figure 12).

Home = Compare Genomes 99 [ ozded.

Hierarchical Clustering Results

Clustering is based on cog profiles for selected genomes.
The tree below is generated using the Archasopteny applet

Launch in separate window
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i
| »
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Figure 12 Genome Clustering using the Archaeopterix applet
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ClustalW Alignment

From the Gene Cart, a user can choose to do Sequence Alignment on selected genes. This
alignment is displayed using the Jalview applet, which is now embedded (Figure 13).
Clicking on the gene in Jalview will open up a Gene Details page in IMG.

ClustalW Alignment of Selected Genes

Jalview Alignment
Analyzed Genes
Phylogenetic Tree

Jalview Alignment

The alignment below is displayed using the Jalview applet
Click on the id in Jalview to display the gene page in IMG

Launch Jalview I

Hide Color Scheme

a|rNp|cloe(cH[z[LkM[FR|s|T WY vE[X z|

Clustal NNANENNENNENES ANEED
zappo NEN NEER 0 HER

Taylor BN EROR CHAE EERE |
fydzophobicity  [HIINHNNNRENNNNNRENNNRNRR
Helix propensity [ENNNNENNNNENRRNENENEND
strand propensity [{HNNNNEEN SHECHERCC HEN
turn propensity |[HENENNEERSERNSANNRNNANN
suried Index  [|NNNENERNERNNRNNNRNEAND

Figure 13 Jalview Color Scheme for amino acid sequence alignment



What's New in IMG 3.3

File Edit Select ‘\iew Format Colour Calculate Help
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Figure 14 Jalview alignment
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Phylogenetic Tree
Launch in separate window

Wiey phnloxhL

Type NEEGEIGEN Help

Branche

Display Data:

Domain Display:
d-

:

Figure 15 Using the Archaeopterix applet to display domains
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Dot Plot

Scaffold Selection

When the number of scaffolds for the 2 genomes selected for Dot Plot is too high, the
computation of the Dot Plot may time out. In such a scenario, the user is offered a choice to
select a subset of scaffolds or to continue with the calculation using all scaffolds (Figure 16).
The current cutoff is when the number of scaffold is >150 for both genomes or >300 for one
of the genomes

Home = Compare Genomes = Syrteny Yiewers

Dotplot

The selected genomes are composed of too many scaffalds and plot computation may time-out.
You may instead select individual scaffolds far each genome. Otherwise, click cantinue to proceed
with the current calculation.

[ Continue ]

Select Scaffolds

Select Scaffolds for Bacillus thuringiensis sy berliner ATCC 10792
Select Scaffolds for Bacillus thuringiensis sy andalousiensis BGSC 4201

1. Bacillus thuringiensis sv berliner ATCC 10792
Search culumn:lScaﬁDId 'l Searchterm:l

Page 1 of 3 12 3 nexdts last== [100 ¥
Column Selectar | | Select Page || Deselect Page |
Select Scaffold a |ength thpd GG Type Topalogy Mo, Genes Cooardinate Rang
Bacillus thuringiensis seravar berliner ATCC
r 10792, unfinished sequence: 14600 0.37 chromosome linear 17 1.14600

MNZ_ACMFO1000001

Bacillus thuringiensis serovar berliner ATCC

r 10792, unfinished segquence: 48161 036  chromosome  linear 51 1..48161
MZ_ACMFO1000002
Bacillus thuringiensis serovar berliner ATCC

r 10732, unfinished sequence: 58203 0.39 | chramosome | linear 74 1.58203

Bacillus thuringiensis serovar
- andalousiensis BGEC 4401, unfinished 5492 0.34 chramosome linear 1.5682
sequence: NZ_ACNGO100003%

Bacillus thuringiensis serovar

r andalousiensis BGSC 4441, unfinished 168002 037  chromosome | linear 179 1.168802
seguence: WZ_ACKNGO1000100
Page1af3 122 net= last== [10 =
[ Dotplot ] Reset

Figure 16 Select Scaffolds for Dot Plot
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New Pathway Data

In IMG 3.3, new pathway data such as MPW pathways have been added. We added a new Ul
function to allow users searching through multiple pathway data sources using Enzyme EC
numbers and/or free text descriptions. To perform pathway search, select the "All Pathways"
menu item under the "Find Functions" tab. A page will show up for users to select the
pathway type (IMG Pathways, KEGG Pathways, MetaCyc Pathways and MPW Pathways),
EC number, and keyword. Enter search criteria and click the "Search All Pathways™ button, a
new "Search Pathway Result" page will show up with all pathways in IMG that satisfy the
search condition. Click on any Pathway OID to view the detail (see Figure 17).

MG Home | Find Genomes | Find Genes | | Compare Genomes

Fome » Find Funclions
All Pathways in IMG

ING Pathways

KEGG Pathways
MetaCyc Pathways 1736
WP Pathways

Search All Pathways

Patwaytpe: 0 IMG Patiways  9KEGE Palpfays  [¥] Mty Paways
Enzyme: EC

Keyword:

f’ Search Al Pathwzs ﬁ
y £

An

| |Search Pathway Result

Pathway Types: IMG. KESG. MetaCyc. MPW.
EC: 1114

Saarch coarone Patway OID »  Seanch lamn

Exgort Pags 1061 1 Al -

[ESEEE T S Fudi Crassanot Fasdi

Selea g Piliwig B0 = Pty it
Kagg 001 | Giyeoips  Glissres pates

@01 Fatyacd metwsziem

S Ciycine, safna and Twesnine metadelsm

Keap

VIFW Peifwey Delals. i

Patwa 00 175

Reactions
Saschcdernr Ractos Order = Seach e
Fxpat Fageiafi 1 Al -
G o
| Bactesouter o Rascsonis Caastn  Gars Girap Pretsn Group Ernme | GensCeord  Ganeres Creet
111 L Zkahal dibpdeguasn
s mee A s 4 FRaS ERa v 1EC [“=%AKA FThr rris]

Expat

Faged i 1 oo

LI\M\_

MPW Pathvaay Image

Figure 17 Pathway Data
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Phenotypes

When we study any organism, one of the major goals is to understand its physiology and how
that relates to its adaptation to its environment. When we sequence the organism’s genome,
we gain further insight into its physiology. Numerous predictions can be made, which can
then be tested in the laboratory. For example, many of the pathways for synthesis of
essential metabolites are known, and pathways for utilization of many nutrients have been
determined. Many physiological functions require several gene products, and they can be
grouped into pathways, where genes function in a specific order, or parts lists in which order
is not important. Pathways also can only be understood in the context of other pathways
within the organism, and this is why we have developed IMG Phenotypes. For example, if
an organism degrades cellulose to cellobiose outside the cell, it can only utilize cellulose as a
carbon source if it also has a transport pathway for uptake of cellobiose and, within the cell, a
metabolic pathway to gain energy from cellobiose. If all three steps are present, then the
organism will have the phenotype of cellulose utilization with cellobiose as an intermediate.
In some cases the presence or absence of only one pathway is required for a phenotype.
There are also cases in which there are multiple possibilities and require multiple
combinations of pathways.

The "Phenotypes™ menu item under "Find Functions™ in IMG 3.3 list all IMG predicated
phenotypes and their associated genomes. Users can click on any rule ID to view the
phenotype prediction rule. For example, " L-histidine prototroph™ is defined by the presence
of IMG Pathway 162: L-histidine synthesis.

Click on the number in the "No. of Genomes w/ Phenotype" column to see a phylogenetic
tree display of all genomes that are predicted to have this phenotype, or click the small table
icon in this column to have the result displayed in a table format. Users can view phenotype
prediction inference detail by click on the question mark (?) in the tree display (Figure 18).
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[Rule I+ 000
Hama L-hisliding proletroph
Category Metabalism
Category Value Prototrophic
Description Organismis predicied to be able fo synthesize L-hiskidine,
Add Date 2008-04-0B
Last Mod Date  2009-11-20
Modified By L4IM [LIAN TS anEial gov)
Rule

{ LI 1PWaY-00182: L-histidine sinthesis )

A0d to Function Cart

Salact Al Clear All

Cancel

Predicted Phenotypes
Phenotypes are broadly defined &5 an observable characteristic of an crganism. The curment list of phenatypes in IMG are prediced using a et of rules
based on IMG's natve collection of pathiways and pars lists, Follow the link provided by the Rule 10t 5ee the definitons for the predichon rules. Follow the
link provided by Ho. of Genomes w! Phenotype to the listof genomes associzied with & spediic phenotype. Click the number tovew result in tree display, or
click I b view resultin fable display,
Saarch column: Rule ID = Search tarm:
Expart | Page 10f1 1 -
Column Selecior
RuleiD ~ Mame Categery Category Valug Description Ho. of Genomes wi Phenalype
. . Cwganismis predicted 1o be abla ta
00001 | L-histiding grotalroph Metabalism Protatrophic Syninesizs L-histidine. 4B
Ceygen Qiganismis predicled 1o be abla ta
10002 | Aerobe Requirement | 21002 growein the presence of air. “
. . . Organizm is predicted 1o be abla ta
00003 | L-lysina profodroph Metabalism Protobraphic syninesize L-ysine, HE
00004 | Denitiner Metanalism Denittying Organism s gredict=d ). Genomes with Selected Phenotype
reduce nirats to nitrogen
R Organismis predicled1s] Phenotype Rule (00001): L-histidine prototroph
00005 slzctron 2cceptor Metabalism Milrate reducer grow anaerobically wilh DDl BBactsta, Aarchasa E-Eutana
electron acceplon
Cisplay genomet wilh geles o corgluls e
Phenotype Rule Information .
L o} Saksokeng 00 ool 4SO sl Oy B Mam. STk e [7) 10 S04 RAs Hra0vs0n detall

Ganome Completion [Finined, [Plarmenent Diat, [Diran

01 Bacteria
03 Firmicutes
03 Bacll
04 Bacdlales

¥ Bacitus sondoliouefaciens FZB42 [F] - L-tistidime prototroph (7)

Bar#us clasii KSM-E16 [F] - L-histidine prototraph (7)

7] Bacitus balodurans C-125 [F] - L-tistidine protatroph ()

¥ Bacius lichesiformis ATCC 14580 (Goettingsniy [F] -- L-histidine peotoeraph {7)
#| Bacius lichesiformis ATCC 14380 (Novormmes) [F] -- L-histidine protctraph (7)
7 Bacius pumies ATCC 1061 [1] - L-histichne prototroph (71

1 Bacihs pumiss SAFR.032 [F] -- L-histicine protosroph {7
i
7
%
%

4

1 Bacihs subtils NCB 3610 [D) -~ L-histickne pratoteph {73
1 Bacits subtitis mbsp soizizens ATCC 6633 [D] - L-testidine prostroph (7]
L-bistidine prosatregh (7)

| Bacilus subtilis sbsp. sdtite sir. 168 [F] -
i preqotraph (T}

| Bacilus sulbtils subtiis 168 [T

IEEEERERERERERER

L-frrstichin

Figure 18 Phenotypes
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Phylogenetic distribution

Background

Historically, IMG has had two implementations of PhyloDistribution tools: one accessible
from Microbiome Details page and the other accessible through Compare Genomes >
Phylogenetic Distribution. In IMG 3.3, the configuration options of both tools have been
unified to a vast degree while maintaining a certain degree of individuality.

Phylogenetic Distribution on Microbiome Details Page

Please refer to Figure 19 & Figure 20 for the location of this tool.

20



What's New in IMG 3.3

M

Genome Browser

TaxonomyjBrowser

Genome Search

Find Genes I Find Functions Compare Genomes Ana

Bacteriz

Category Browser
finishewurarwperin fra 1o

4 2507

1151

The Integrated Microbial Genomes (IMG) syl
l Analysis Cart | My IMG

Vol. 38) serves as a community resource for
all publicly available genomes from three do|

Genome Browser

EI Selections do not take effect until you save them. You must select at least one genome.
Go to Preferences to show or hide plasmids and viruses.
Go to home page statistics under IMG Genomes to select individual phylogenetic domains or all

genomes.

Domains(D): B=Bacteria, A=Archaea, E=Eukarya, P=Plasmids, V=Viruses.

Genome Completion(C): F=Finished, P=Permanent Draft, D=Draft.

Click on column name to sort.

C‘ Search term: \

Search column:| Domain

Select All Clear All

View Phylogenetically

Export | Page1of27 first ev 1/[2(3) 4|5 8910 | nedt> last=> [100 [w|

Column Selector 1 | selectPage || DeselectPage |

Select Domain « Status Genome Name Sequencing Center Gene Count Genome Size
Acidilobus saccharovorans

A F S T i e Bioengineering 1547 1496453
45-15

A D ?—p—ﬁ:’:" rofundum boonel J. Craig fenter Institute, Portiand State Univ 3043 2081805
Aciduliprofundum boonei

A F T469 DOE Joipt Genome Institute 1587 1486778

¥

Figure 19: IMG Home > Genome Browser
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IMG Home Find Genes l Find Functions Compare GH Phylogenetic Distribution of Genes

Home > Find Genomes

Distribution by BLAST percent identities

Organism Details

Putative Horizontally Transferred Ggnes

Organism Information

Genome Statistics

Phylogenetic Distribution of Genes
ttative Horzontany rransiered Genes

Genome Viewers .

Compare Gene Annotations Genome Viewers

Download Gene Information

Export Genome Data

Putative Horizontally Transferred

Scaffolds and Contigs

Organism Information

Chromosome Maps

Quidk Genome Search:

JGIS D

NOME
VS DEPARTMINT OF INEAGY
DITICE OF SCIENCE
=
I m g ‘.

' Find Genesil Find Functions | Compare Genomes | Analysis Cart | My MG

" IMG Home

Home > Find Genomes Loaded
Phylogenetic Distribution of Genes

Acidilobus saccharovorans 345-15

View the phylogenetic distribution of genes for selected percent identity
Phylogenetic distribution last computed on 16-DEC-10.

Percent Identity
® Successive (30% to 59%, 60% to 89%, 90%+)
O cumulative (30%+, 60%+, 90%+) Display hit genome count (slow)

® Gene count
O Estimated gene copies

Display Options

Show percentage column.
Show histogram column.

[ Go ] Reset

Figure 20: Organism Details > > Phylogenetic Distribution Configuration Options
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Previous versions of this tool were non-configurable. In IMG 3.3, the Ul has been extended
to provide configuration options as seen in Figure 20. Selecting the required options and
clicking the “Go” button to display the final table. The configuration options available in this
tool are:

1. Percent identity
2. Gene count and Estimated gene copies
3. Display Options

Percent Identity: This configuration section provides the following mutually exclusive
configurable options.
a) Successive (30% to 59%, 60% to 89%, 90%-+)
b) Cumulative (30%+, 60%+, 90%+)
1)  Display hit genome count (slow)

Selecting the “Successive” radio button results in the BLAST hits being successively
displayed in 3 separate sets of columns — hits 30% - 59%, hits 60% - 89%, and hits 90% and

above (see Figure 21). Relevant column headings provide explanatory tooltips when mouse
over.

Quick Genome Search:

JGIS |2
Genomes
o
-
img '\
IMG Home | ~ | Find Genes \ Find Functions Compare Genomes Analysis Cart My IMG Using IMG
Home > Find Genomes
Phylogenetic Distribution of Genes
Acidilobus saccharovorans 345-15
The Phylogenetic Distribution of Genes allows to assess potential horizontally transferred genes of a genome based on the distribution of best BLAST hits of
its protein-coding genes The phylogenetic distribution can be projected onto the families in a phylum/class (click on phylum/class name), and then further
onto species in a family.
Distribution of Best Blast Hits (Gene count)
Domains(D): B=Bacteria, A=Archaea, E=Eukarya, P=Plasmids, V=Viruses.
Hit genomes count in brackets ().
Select Al Clear All Show All Phyla
No.
No. Of No. Of of
No. Of Hits % Hits Hits % Hits Hits % Hits
Select D Phylum/Class Genomes 30% 30% Histogram 30% 60% 60% Histogram 60% 90% 90% Histogram 90%
A Crenarchaeota 29(28) 756(28) 50.43% 316(25) 21.08% 101)  0.07%
A Eurvarchaeota 67 (34) 78(33) 5.20% 14 (10) 0.93%
A Korarchaeota 1(1) 401) 0.27% 1 0.07% im 0.07%
A Thaumarchaeota 2(2) 4(2) 0.27%

Figure 21: Phylogenetic Distribution - Successive
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Selecting the “Cumulative” radio button results in the BLAST hits again being displayed
cumulatively in 3 sets of columns showing hit for 30% and above, 60% and above, and 90%
and above. The column headings are identified by a “+” sign after the percent symbol as in
30%+, 60%-+, and 90%+ to distinguish between the Successive and Cumulative results (see
Figure 22).

Quidk Genome Search

JGIS |2
Genomes
e bty T
Using MG
Home > Find Genomes
Phylogenetic Distribution of Genes
Acidilobus saccharovorans 345-15
The Phylogenetic Distribution of Genes allows to assess potential horizontally transferred genes of a3 genome based on the distribution of best BLAST hits of
its protein-coding genes The phylogenetic distribution can be projected onto the families in a phylumiclass (click on phylum/class name), and then further
onto species in a family.
Distribution of Best Blast Hits (Gene count)
Domains(D): B=Bacteria, A=Archaea, E=Eukarya, P=Plasmids, V=Viruses.
Select All Clear All Show All Phyla
No. No. No.
of of of
No. Of Hits % Hits Hits % Hits Hits % Hits
Select D Phylum/Class Genomes  30%+ 30%+ Histogram 30%+ 60%+ 60%+ Histogram 60%+ 90%+ 90%+ Histogram 90%+
A Crenarchaeota 29 1073  71.58% 317 | 21.15% k. 0.07%
A Eunarchaeota 67 92 | 6.14% 14 093%
A | Korarchaeota 1 6 0.40% 2 0.13% 3 0.07%
A Thaumarchaeota 2 4 027%

Figure 22: Phylogenetic Distribution — Cumulative (without hit genome count)

By default, the Cumulative option does not display the hit genome count in parenthesis --
unlike the Successive option due to performance considerations. However, if viewing the hit
genome count is essential in the cumulative mode, the checkbox “Display hit genome count

(slow)” can be checked. The result table now shows hit genome count in parenthesis in the
relevant columns (see Figure 23). It should be noted that this option incurs additional

computations and will hence take longer to display the result table.
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IMG Home

Find Genes ‘ Find Functions ‘ Compare Genomes | Analysis Cart | My MG Using IMG

Home > Find Genomes

Phylogenetic Distribution of Genes

Acidilobus saccharovorans 345-15
The Phylogenetic Distribution of Genes allows to assess potential horizontally transferred genes of a genome based on the distribution of best BLAST hits of

its protein-coding genes The phylogenetic distribution can be projected onto the families in a phylum/class (click on phylum/class name), and then further
onto species in a family.

Distribution of Best Blast Hits (Gene count)

Domains(D): B=Bacteria, A=Archaea, E=Eukarya, P=Plasmids, V=Viruses.
Hit genomes count in brackets ().

Select All Clear All Show All Phyla
No.
No. Of No. Of of
No. Of Hits % Hits Hits % Hits Hits % Hits
Select D Phylum/Class Genomes  30%+  30%+ Histogram 30%+ 60%+  60%+ Histogram 60%+ 90%+  90%+ Histogram 90%+
A | Crenarchaeota 29(28) 1073(28) | 7158% 317 (25) | 21.15% 1) | 007%
A Euryarchaeota 67 (34) 92(34) 6.14% 14(10) 0.93%

Figure 23: Phylogenetic Distribution — Cumulative (with hit genome count)

Gene count and Estimated gene copies: These options are mutually exclusive. Selecting
“Gene count” uses the actual gene count to show hits. Selecting “Estimated gene copies”
uses gene count multiplied by read depth (when such information is available) to show hits.
The option selected is identified in the sub heading of the report - “Distribution of Best Blast
Hits.”

Display Options: These options are available as checkboxes and can be selected
independently of each other. Both options are selected by default. They are:

a) Show percentage column.
b) Show histogram column.

Selecting or deselecting “Show percentage column” displays or hides the percent columns
for 30%, 60%, and 90% hits.

Selecting or deselecting “Show histogram column” displays or hides the histogram columns
for 30%, 60%, and 90% hits.
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Phylogenetic Distribution on Compare Genomes Page

Please refer to Figure 24 for the location of this tool. The primary difference between
Phylogenetic Distribution on Microbiome Details Page and Phylogenetic Distribution on
Compare Genomes Page is that the latter allows for selecting multiple metagenomes (see
Figure 24).

Configuration options are similar to Phylogenetic Distribution on Microbiome Details Page.
Choosing the desired options, followed by selecting the required metagenomes, and clicking
the “G0” button displays the final table. The configurations options available in this tool are:

1. Percent identity
2. Gene count and Estimated gene copies
3. Display Options

Percent Identity: This configuration provides the following mutually exclusive configurable
options in the form of a drop down menu:

- 30% - 59%
- 60% - 89%
- 90%+
- 30%+
- 60%+

For an explanation of these options, please refer to “Phylogenetic Distribution on
Microbiome Details Page” above.

For an explanation on Gene count and Estimated gene copies as well as Display Options,
please refer to “Phylogenetic Distribution on Microbiome Details Page” above.
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Find Genes | Find Functions _ Analysis Cart | My IMG/M
|

Genome Statistics \

Distance Tree
. T N\
Total The Integrated Mic (Nucleic Acids Research. 2010
S Vol. 38) serves as |  Function Profile oarative analysis and annotation of
all publicly aval'labl Genome Clustering s of Illfe in a uniquely mtegrated :
18 context. Plasmids —— .
6 and phage genom,  Phylogenetic Distribution etagenome Phylogenetic Distributio
context for comparative analysis. N 7
1119 P = Genome vs Metagenomes
2535 The IMG user interface (see User Interface Map) allows navigating the microbial
[ MGM Home |”‘F’i€.&'benom I “Find Genes I"F’i.{d Functions [INE el ol Analysis Cart | My MGM " Using MG/M

Home > Compare Genomes Loaded

Metagenomes Phylogenetic Distribution

View selected metagenomes phylogenetic distribution of genes for selected percent identity

® Gene count
O Estimated gene copies

Display Options

Show percentage column.
[0 show histogram column.

Clear All

Select Ignore Taxon Name
*Microbiome
Engineered
Annamox bioreactor
[ Anammox bioreactor Anammoxoglobus propionicus ]
Coalbed water bioreactor

[ Coalbed water metagenome (Sample 185) ]
Ban a taminatad enil fraztmant

D(| O[O O||C|Q)O
D(®|| 0| ®||0|0|O

Figure 24: Phylogenetic Distribution on Compare Genomes Page
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Hide Zeroes in Genome Statistics

Background

Previously, whenever genome statistics were viewed within IMG, all rows were displayed
regardless of whether numbers in those rows were zero or not. If several of the rows were
just zeroes in a genome, this would take up valuable screen real estate. The solution was to
suppress all rows where the numbers were just zeroes. At the same time, users may want
confirmation that particular elements of genome statistics were in fact zero. As a result the
IMG user interface has been extended to include a new user preference named “Hide Zeroes
in Genome Statistics”. See Figure 25 for the location of this preference.

Quidk Genome Search:

I >

JGLO

E JOINT GENOME INSTITUTE
VS DEPARTMINT OF TATAGY
LIFICE OF SCIENEC

img '\

IMG Home | Find Genomes \ Find Genes Find Functions Compare Genomes Analysis Cart

ALL
Genomes

Home > My MG MylMG Home
Preferences
Parameter Current Setting
Max. Paralog Groups ‘"5("}0 v
Max. Gene List Results | 1000 v
Max. Homolog Results 200 v
Max. Taxon Gene Neighborhoods 15 i‘
Default Gene Page Homolog List | None v/
Min. Homolog Percent Identity ' 30\:
Hide Viruses From Genome Lists | Yes v|
Hide Plasmids From Genome Lists 'Ygrswy ‘
[ Hide Zeroes in Genome Statistics 'Yes v | ]
| SavePreferences |  Default Setings

Figure 25: Hide Zeroes in Genome Statistics

By default, “Hide Zeroes in Genome Statistics” is set to “Yes.” This means that display of all
rows in the genome statistics table that are zeroes will be suppressed. Changing this setting to
“No” reveals all rows regardless of whether their values are zero or not.
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Procedure

To see this preference in action, carry out the following steps:

1. From the IMG Home page, click on the “Genome Browser” tab.

2. This will bring up the list of all available genomes.

3. Inthe resulting table, clicked on any desired genome under the column titled
“Genome Name.”

4. This will bring up the Organism/Microbiome Details page.

5. Click on the anchor titled “Genome Statistics.”

Assuming that the “Hide Zeroes in Genome Statistics” parameter is at its default setting of
“Yes,” the Genome Statistics table will have no rows with numbers that are zero (see Figure

26).
Genome Statistics
( ? To view rows that are zero, go to My!MG preferences
and set "Hide Zeroes in Genome Statistics” to "No".

Number % of Total
DNA, total number of bases 1496453  100.00%
DNA coding number of bases 1356593 90.65%
DNA G+C number of bases 856231 | 57.22%
DNA scaffolds 1 100.00%

CRISPR Count 6
Genes total number 1547  100.00%
Protein coding genes 1499 96.90%
RNA genes 48 3.10%
rRNA genes 3 0.19%
58 rRNA k: & 0.06%
16S rRNA 1 0.06%
23S rRNA 1 0.06%
tRNA genes 45 291%
Protein coding genes with function prediction 9381 63.41%
Protein coding genes without function prediction 518  518.00%
Genes w/o function with similarity 437 28.25%
Genes w/o function w/o similarity 81 5.24%
not connected to SwissProt Protein Product 1499 96.90%

Figure 26: Genome Statistics with “Hide Zeroes in Genome Statistics” set to “Yes”
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Now change the “Hide Zeroes in Genome Statistics” parameter to “No” (see Figure 25).
Repeat steps 1 though 5 above (or do a browser Reload/Refresh of the Genome Statistics
page). The result table will now reveal all statistics rows that are zero (see Figure 27). Note
the additional rows with zeroes in the table. This setting stays in effect until the “Hide Zeroes
in Genome Statistics” parameter is manually changed or the browser session is terminated.

Genome Statistics

( i To view rows that are zero, go to My!MG preferences

and set "Hide Zeroes in Genome Statistics” to "No".

Number % of Total

DNA, total number of bases 1496453  100.00%
DNA coding number of bases 1356593 90.65%
DNA G+C number of bases 856231 57.22%
DNA scaffolds 1  100.00%
CRISPR Count 6
Genes total number 1547  100.00%
Protein coding genes 1499 96.90%
Pseudo Genes 0| 0.00%2  <———
RNA genes 43 3.10%
rRNA genes 3 0.19%
53 rRNA B ; 0.06%
165 rRNA b 0.06%
18S rRNA 0 0.00% <
23S rRNA & 0.06%
28S rRNA 0 0.00% <=
tRNA genes 45 291%
Other RNA genes 0 0.00% <@ —
Protein coding genes with function prediction 981 63.41%
Protein coding genes without function prediction 518 518.00%
Genes w/o function with similarity 437 28.25%
Genes w/o function w/o similarity 81 5.24%
Protein coding genes connected to SwissProt Protein Product 0 0.00% <=
not connected to SwissProt Protein Product 1499 96.90%

Figure 27: Genome Statistics with “Hide Zeroes in Genome Statistics” set to “No”
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Genome Browser

Table Configuration

By default, the alphabetical list of genomes includes information on domain, completion
status, sequencing center, gene count, and genome size. However, users can configure the
displayed columns by using the Table Configuration selector at the bottom of the Gene
Browser page, as shown in Figure 28.

Table Configuration
Additional Output Columns
Expand All Collapse Al
= [=|Genome Field — _| Metadata Category + | Statistics Data

| Taxon Object ID __| Biotic Relationships
. NCBI Taxon ID | Body Site
| RefSeq Project ID __|Body Subsite
| GenBank Project ID __ Cell Arrangement
e Phylum . Cell Shape:
_Class __|Dissases
__| Order __|Energy Source
__ Family __Ecosystem
_| Genus __|Ecosystem Category
- Species . Ecosystem Type:
| Strain __|Ecosystem Subtype
! Sequencing Center __ Specific Ecosystem
_ Funding Agency | Gram Staining
_| Add Date __Host Name
" Is Public | Motility
_ NG Release __|Metabolism
| IMG Product Assignment | Oxygen Reguirement
) MG Submission ID | Phenotype
_GOLDID __|Relevance

| Salinity

| Sparulation

__ Temperature Range

[ Display Genomes Again ] Select All Select Counts Only Select Percentage Only Clear All

Figure 28: Table Configuration selector.

The Table Configuration selector lists three groups of “Additional Output Columns”:
1. Genome Field:
Taxon Object ID; NCBI Taxon ID; RefSeq Project ID; GenBank Project ID; Phylum;
Class; Order; Family; Genus; Species; Strain; Sequencing Center; Funding Agency;
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Add Date; Is Public; IMG Release; IMG Product Assignment; IMG Submission ID;
GOLD ID.

2. Metadata Category:
Biotic Relationships; Body Site; Body Subsite; Cell Arrangement; Cell Shape;
Diseases; Energy Source; Ecosystem; Ecosystem Category; Ecosystem Type;
Ecosystem Subtype; Specific Ecosystem; Gram Staining; Host Name; Motility;
Metabolism; Oxygen Requirement; Phenotype; Relevance; Salinity; Sporulation;
Temperature Range.

3. Statistics Data:
Scaffold Count; CRISPR Count; GC Count; GC %; Coding Base Count; Genome
Size; Gene Count; CDS Count; CDS %; RNA Count; rRNA Count; 5S rRNA Count;
16S rRNA Count; 18S rRNA Count; 23S rRNA Count; 28S rRNA Count; tRNA
Count; Other RNA Count; Fused Count; Fused %; Fusion Component Count; Fusion
component %; Pseudo Count; Pseudo %; Unchar Count; Unchar %; Obsolete Count;
Obsolete %; Revised Count; Revised %; w/ Func Pred Count; w/ Func Pred %; w/o
Func Pred Sim Count; w/o Func Pred Sim %; w/o Func Pred No Sim Count; w/o
Func Pred No Sim %; Signal Peptide Count; Signal Peptide %; Transmembrane
Count; Transmembrane %; SwissProt Count; SwissProt %; Not SwissProt Count; Not
SwissProt %; SEED Count; SEED %; Not SEED Count; Not SEED %; COG Count;
COG %; Pfam Count; Pfam %; TIGRfam Count; TIGRfam %; COG Cluster Count;
Pfam Cluster Count; TIGRfam Cluster Count; InterPro Count; InterPro %; Enzyme
Count; Enzyme %; TC Count; TC %; KEGG Count; KEGG %; Not KEGG Count;
Not KEGG %; KO Count; KO %; Not KO Count; Not KO %; MetaCyc Count;
MetaCyc %; Not MetaCyc Count; Not MetaCyc %; IMG Term Count; IMG Term %
IMG Pathwawy Count; IMG Pathway %; IMG Parts List Count; IMG Parts List %;
Genome Property Count; Genome Property %; Chromosomal Cassette Gene Count;
Chromosomal Cassette Gene %; Chromosomal Cassette Count.

Users can use “Expand All” and “Collapse All” buttons to show or hide the entire columns,
or click on the top “+/-” symbols to display or hide columns in each group.

To select/deselect columns in Table Configuration selector, a user simply needs to
select/deselect the checkbox next to the column name. The user can also click on the
checkbox next to the top group name to select/deselect the whole group. There are also
“Select All”, “Select Counts Only”, “Select Percentage Only”, “Clear All” buttons at the
bottom to facilitate such selections/de-selections.

To add/remove displayed columns in table, a user first selects/deselects the column names in

the Table Configuration selector, and then clicks the “Display Genomes Again” button to
display.
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Genome Search
By Field

The “Scaffold Object ID” is the newly added filter in IMG 3.3, as shown in Figure 29.

Genome Search by Fields

Find genomes by keyword or substring.

Keyword:

Filters: : Genome Name i;]
) B Genocme Name
T Genome Name |
— Aty B Taxon ID (list)
RefSeq Project ID (list)
GenBank Project ID (list)

d i Al Ndl ~ G .'
Scaffold Object D (list

Phwlum
Sequencing Status
Sequencing Center
Funding Agency
IMG Releasze

All field names*

Figure 29: Scaffold Object ID as Search Filter.
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Gene Search

Additional Output Columns

Users are also provided with the capability to select and display “Additional Output
Columns” in result page, as shown in Figure 30:

Heyword:

Filters: Gene Product Name (inexact) -

=-|_| Additional Output Columns
-_Gene Symbol
-|_| GenBank Accession
-_|Chromosome
-|_! Start Coord
-I_|End Coord
-|_! Strand
-_|DNA Sequence Length
1| A4S Sequence Length
-_ILocus Type
-|_!lz Peeudogene
-_ll= Ob=solete
- Add Date

__|Scaffold Object ID

(not applied to "Pfam Domain’, "Protein Regular Expression Pattern
searches)

Figure 30: Additional Output Columns for Selection and Display.

These additional display columns are arranged into the following five groups:
1. Gene Symbol; GenBank Accession
2. Chromosome; Start Coord; End Coord; Strand; DNA Sequence Length; AA Sequence
Length; Locus Type
3. Is Pseudogene; Is Obsolete
4. Add Date
5. Scaffold
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Gene Cart

Table Configuration

Gene Cart table is added with the functionality of Table Configuration, as shown in Figure
3L

Table Configuration
Additional Qutput Columns
Expand All Collapse All
=-|_|Gene Field = |=| Scaffold/Contig Field =-|_|Function Category
_| Gene Symbol -|_|Scaffold Object ID _COG I and Mame
! GenBank Accession - Scaffold External Accession _|Pfam IDr and Name
__| Chromosome -|_! Scaffold Name __|KEGG Qrthology I, Mame and Definition
| Start Coord - Scaffold Length
| End Coord - Contig GC %
_| Strand & Contig Read Depth
__| DMNA. Sequence Length
_JLocus Type
_! = Pzeudogene
_!l= Obsolete
_| Add Date
Dizplay Genes Again Select All Clear All

Figure 31: Table Configuration.

The Table Configuration selector lists three groups of “Additional Output Columns”:
1. Gene Field:
Gene Symbol; GenBank Accession; Chromosome; Start Coord; End Coord; Strand;
DNA Sequence Length; Locus Type; Is Pseudogene; Is Obsolete; Add Date

2. Scaffold/Contig Field:
Scaffold Object ID; Scaffold External Accession; Scaffold Name; Scaffold Length;
Contig GC %; Contig Read Depth

3. Function Category:
COG ID and Name; Pfam ID and Name; KEGG Orthology ID, Name and Definition

Users can use “Expand All” and “Collapse All” buttons to show or hide these columns, or
click on the top “+/-” symbols to display or hide columns in each group.
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To select/deselect columns in Table Configuration selector, a user simply needs to
select/deselect the checkbox next to the column name. The user can also click on the
checkbox next to the top group name to select/deselect the whole group. The “Select All”
and “Clear All” buttons at the bottom are provided to facilitate such selections/de-selections.
After choosing the desire columns, the user needs to click the “Display Genomes Again”
button to redisplay.

Moreover, the “Add to Function Cart” button also has the capability to add “GO,” “InterPro”
and “Transporter Classification” into the Function Cart, as shown in Figure 32.

Function Cart

Add to Function Cart

MetaCyc

IMG Terms
IMG Pathways
IMG Parts List

Figure 32: GO, InterPro and Transporter Classification in “Add to Function Cart”.
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Function Cart

The Function Cart table now includes “GO,” “InterPro” and “Transporter Classification” as
shown in Figure 33. Their underneath genes for specific genomes can also be added into
Gene Cart through the “Add to Gene Cart” button.

3 function(s} in cart

[ Remove Selected Select All Clear All Toggle Selected

Search column: Batch * Search term:
Page 1 of1 <= first =prev 1 next= last== |All -
Column Sslector | | Select Page | | Deselect Page |
Selection Function T Mame
3.0.9 The H*-translocating FazgHz Dehydrogenase (FazgHzDH) Famity
GO:0004765 shikimate kinaze activity
IPRO101859 Shikimate kinase, archaea

Page 1 of1 <= first =prev 1 next= last== |All -

1 - Each time a set of functions is added to the cart, a new digtinguizhing batch number iz generated for the set.

Figure 33: GO, InterPro and Transporter Classification in Function Cart.
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Function Search

We have added “Transporter Classification (list)” and “MetaCyc (list)” to the function search
filters as shown in Figure 34. These two new options are included into the “All function

names*”” search too.

Keyword:

Filters: : Gene Product Name

v

SwizsProt Product Mame
GO (list)

COG (list)

Pfam (list)

TIGRfam (list)

InterPro (list)

EC Mumber (list)

Tranzporter Classification (list)
KEGG Pathway Enzymes
KEGG Orthology 1D (list)

KEGG Orthology Name

IMG Term and Synonyms
IMG Pathways

IMG Parts List

All function names®

EC Mumber or enzyme name (inexact)

Gene Product Name

SEED Product Name/Subsystem

KEGG Orthology W
MetaCye (list)

Figure 34: Function Search Filters.

Newly Added
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BLAST

The Genome filter is applied to Blast, and contributes to the new look-and-feel as shown in
Figure 35.

The behavior of Genome Filter in Blast is slightly different from that in Find Genes, Find
Functions, etc.. Even if there’s genome selection, the Genome Filter in Blast is still
defaulted to “All IMG Genomes,” and the search is conducted on “All IMG Genomes.”

However, user can override the selection via the Genome Filter provided in the page, if they
have selected and saved genomes.

BLAST

Find matches in selected genomes (A1l NG genomes" if none are selected).

Sequence
Program | blastp (Protein vs. Protein) -
E-value: 1e-5

Genome Filter

Domains: (Bjacteria, (&)rchaea, (Ejukarya, (P)lasmids, (W)iruses.
Genome Completion: [Flinished, [Plermanent Draft, [D]raft.

Seq. Status Domain

All Finished, Permanent Draftand Draft = All -
@ List () Tree

Acidilobus saccharovorans 345-15 (A)[F]
Aciduliprefundum boonei T489 (A)[D] )
Aciduliprofundum boonei T485 (A)[F]

Agropyrum pernix K1 (&)[F]

Archaeoglobus fulgidus DSM 4304 (A)F]

Archaeoglobug profundus DSM 5631 (A)F]

Caldivirga maguilingensis IC-167 (A)[F]

Candidatus Korarchaeum cryptofilum OPF& (A)[F]

Candidatus Methanoregula boonei 5AS8 (A)[F]

Cenarchaesum symbiosum A (A)[F] -

»

Run BLAST I Reset

Figure 35: BLAST.
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SEED

SEED Browser

IMG 3.3 provides SEED Browser for users to browse SEED product names and subsystems.
The function can be accessed through SEED on the second-level menu of Find Functions as
shown in Figure 36.

IMG Heme | Find Genomes | Find Genes . . Compare Genomes | Analysis Cart | My IMG .

Home > Find Functions Function Search

Function Alignment

SEED

COG

Maa Pfam

TIGRfam

Enzyme

Transporter Classification

KEGG

MetaCyc

_!:;IMGME‘hmh

All Pathways

Phenotypes

Figure 36: Access SEED Browser.

The page of SEED Browser, as shown in Figure 37, displays a complete list of SEED
product names and subsystems. Clicking the link for “SEED product name” results in a table
display of that particular SEED product (see Figure 38).
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IMG Home I Find Genomes | Find Genes || mb luel oy | Compsre Genomes | Analysis Cart | My IMG |

Home > Find Functicns 1438

SEED Browser

SEED list

Fa

& el

01 Amino Acids and Derivatives
02 Alanine, serine, and glycine

Alanine_biosynthesis
Alanine racemase (EC 5.1.1.1)
Alanine racemase biosynthetic (EC 5.1.1.1}
Alanine racemase, catabolic (EC 5.1.1.1%
Branched-chain amine acid aminetransferase (EC 2.6.1.42)
Cvsteine desulfurase (EC 2.8.1.7)
Cvsteine desulfurase (EC 2.8.1.7), IscS subfamiby
Cysteine desulfurase (EC 2.8.1.7), NifS subfamily
Cysteine desulfurase (EC 2.8.1.7), SufS subfamily
Cvsteine desulfurase CedA-CedE (EC 2.8.1.7), main protein CedA
Cvsteine desulfurase, mitochondrial precursor (EC 2.8.1.7)
Glutamate-pyruvate aminotransferase (EC 2.6.1.2)
HTH-tvpe transcriptional regulater Iy
Prebable valine-pyruvate aminctransferase (EC 2.5.1.88
Valine—pyruvate aminetranzferase (EC 2.8.1.88)

Glycine_Biosynthesis
Z-amino-3-ketobutvrate coenzvme A ligase (EC 2.3.1.29
Glycine riboswitch
L-threcnine 3-dehvdrogenase (EC 1.1.1.103)
Low-specificity L-threonine aldolase (EC 4.1.2.5)
Serine hydroxymethyitransferase (EC2.1.2.1)

Glycine_and_Serine_Utilization
2-amino-3-ketobutyrate coenzvme A ligase (EC 2.3.1.28)
Aminomethyitransferase (ghvcine cleavage system T protein) (EC 2.1.2.10%
Cvstathionine beta-svnthase (EC 4.2.1.22)
Cystathionine gamma-tvase (EC 4.4.1.1}
D-3-phosphoghycerate dehydrogenase (EC 1.1.1.95)
D-serine dehvdratase (EC 4.3.1.18}
D-serine dehydratase transcriptional activator
D-serine permease Dedx

D-serine/D-alanine/ghycine transporter
Ghvcerate bipa=s (L 2 7 1 211

Figure 37: SEED Browser.

| IMG Home | Find Gencmes | Find Genes | alilatuleih | Compare Genomes | Analysis Cart | My IMG |

Home > Find Functions 1 SEED,

SEEDs

Select All Clear Al

Search column: SEED Product Name - Search term:

Page 1of1 «<<first <prev 1 nexts

All -
Calemn Selector | | Select Page | | Deselect Page
Select SEED Product Name - SEED Subsystem Level 2 Level 1 Gene Count Genome Count
Alanine racemase (EC . : . Alanine, serine, and Amino Acids and -
O 51.1.1) Alaning_biosynthesis | oo Derivatives 854 m

Page 10f1 == first = prev 1 next= last== | All -
Figure 38: Table Display of individual SEED.
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SEED List

Furthermore, a user can click the “SEED List” link to have a table list of all the SEEDs as
shown in Figure 39. The user can select and export the data of desired rows by using the

provided “Select All”/*“Clear All” buttons.

IMG Heme | Find Genomes | Fird Genes Compare Genomes | Anslysis Cart | My IME Using IMG
Home = Find Fundlions
SEEDs
Select Al Ciear Al
Search colymn: SEED Product Mame = Search term
Export | Pagedafisd < e 123 (4|86 |1 8 |8 |10 peasleste= 100 hd
Calumn Selessee | Select Page | Desslect Page
Salect ) SEED Product Name = SEED Subsystam Lewvel 2 Level 1 Gane Count Genome Count
. : Falty Acids,
— “phi-Carolenoid synthase” (EC ) ) -
&l 13 and £C2.4.4) Carofennids Isoprennids Lipids, and 13 i3
Iseprencids
. Falty Acids,
— R
E GR)-hydroxymyristoyHACF] Phesphalpid_and_Faity_acid_biosynthesis_related_chester Faity acids Lps, and 28 &=
defydratase (EC 4.21.-)
Iscprenoids
o [3R-hydroxymyristoyHacyl Fatty Acids,
L camer protein] dehydratase Fatty_Acid_Biosynthesis_FASI Fatty acids Lipis, and 1241 18T
(EC4.2.1.-) lsoprenoids
— (GieMAL)2 ABC ransporter, ‘ e
_ ATP-binding component 1 (GlcHAc)2_Catabolic_Operon Amnosugars Carbohydrates 52 52
(GicHAe)2 AEC bransporter, N N =
- ATP-binding component 2 (GleMAe)2_Catabalic_Operan Aminosugars Carbahydrates 45 45
(GicHAC)Z ASC ransporter,
[l periplasmic subsirate-binding (GleMAEc)2_Catabalic_Operan Amnosugars Carbahydrates 54 54
profein
et (GleNAE)2_Catabalie_Operon AMNOEUGErE Carbahydrates 52 52
permease component 1
{BicHAC)2 ABC transporter,
o s oA (GlcHAE)2_Catabolic_Operon Aminosugars Carbohydratas 54 54
(Pyruvate) Oxoisovalerate Central
Dehydrogenase Alpha & Bata Dehydrogenase_complxes carbohydrate Cartohydrates 20 e
Fusion ke melabalsm

Figure 39: Table Display of All SEEDs.
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Transporter Classification

Transporter Classification Browser

Transporter Classification Browser provides a way to browsing Transporter Classification
families. The function can be accessed through Transporter Classification on the second-
level menu of Find Functions as shown in Figure 40.

IMG Home | Find Genomes | Find Genes . . Compare Genomes | Analysis Cart | My IMG |

Home = Find Funclions Function Search

Function Alignment

SEED

COG

Maa Pfam

TIGRfam

Enzyme

Transporter Classification

KEGG

MetaCyc

§|mmmh

All Pathways

Phenotypes

Figure 40: Access Transporter Classification Browser.

The page of Transporter Classification Browser, as shown in Error! Reference source
not found., displays a complete list of Transporter Classification families.
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M Home Find Genomes Find Genes Compare Genames Analysiz Cart iy WG

Haoime = Find Functions

Transporter Classification Browser

Transporter Classification List

1.A.1 - The Voltage-gated lon Channel (A2 Superfamily

1.A.10 - The Glutamate-gated lon Channel (GIC) Family of Meurotransmitter Receptors
1.A.11 - The Ammaonia Transporter Channel (Amt) Family

1.A.12 - The Intracellular Chloride Channel (CLICY Family

1.A.13 - The Epithelial Chioride Channel (E-CICY Family

1.A.14 - The Mon-selective Cation Channel-1 (NSCCT) Family

1.A.15 - The Mon-selective Cation Channel-2 (WSCC2 Family

1.A.16 - The Yeast Stretch-Activated, Cation-Selective, Gat Channel, hid1 (hdid 1) Farmily

Figure 41 Transporter Classification Browser

Clicking the link for “Transporter Classification family number” leads to the website of
Transporter Classification Database. On the other hand, clicking the link for “Transporter
Classification family name” results in a table display of that Transporter Classification family
as shown in Figure 42.

MG Home Find Genomes Find Genes Compare Genomes Aralysis Cart By WG

Home = Find Functionz

Transporter Classification Families

[ Add Selected to Function Cart ] Select Al Clear Al

Search column: | Transporter Classification Family Murmber ¥ | Search term:

Page 1 of 1 1 Al v
Column Selector | Select Page || Deselect Page |
Select  Transporter Classification Family Mumber = Transporter Classification Family Mame GO Count COG Count Ffam Count 1

The H- ar Ma*-translocating Bacterial
O 1.430 Flagellar Motor/ExbBD Outer Membrane

A, - 18 1 3
Transport Energizer (MotfExb)
Superfamily
Page 1 of 1 1 Al v

Figure 42: Table Display of individual Transporter Classification family.

Transporter Classification Family List

Users can click the link for “Transporter Classification Family List” to have a table list of all
the Transporter Classification families as shown in Figure 43. Users not only can use the
provided “Select All”/“Clear All” buttons to select and export the data of desired rows, but
also can add them into the Function Cart.
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| 143 Home | Find Genomes | Find enes Find Functions Compare Genomes Analysis Cart I Ity INACS |

Hotme = Find Functions G368 Transporer Classification families retrievedd

Transporter Classification Families

[ Add Selected to Function Cart ] Select All Clear All

Search column:|TranspurterCIassificatiDn Famil Numberv| Searchterm:|:|

Page 1 of7 123 45|68 7] net- last=-
Column Selector | | Select Page || Deselect Fage |
Select  Transporer Classification Family BMumber - Transporter Classification Family Mame GO Count COG Count Pfarm Count |
The Voltage-gated lon Channel MIC)
O lat Superfamily 118 A
The Glutamate-gated lon Channel {G1C)
1.A410 83 i
O I Family of Meurotransmitter Receptars - -
O 1811 The 5mm0nla Transporter Channel (Amt) 15 1
— Family

Figure 43: Table Display of All Transporter Classification families.

Site Map

The new Site Map not only helps user with easy site navigation, but also includes the
information of “What’s New” now. It can be accessed on the third-level menu of Using
IMG as shown in Figure 44.

IMG Homa J Find Genomas l Find Genes l Find Functions [ Compare Genomes Analysis Cart J Wy IMG |
Hame > Using IMG — ) About IMG
Sysiem Requirements
Site Map Educstion
- Usef interface Map - Publications
- IMG User Manusl -, Questions'Comments

Figure 44: Access Site Map.

The Site Map consists of the following sections:
1. What’s new
Provide the link to the current release note as shown in Figure 45.

What's New

e

Figure 45: What’s New.

2. Navigation Menus
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The navigation menus not only list menu and useful links to the tool and
documentation, but also record the information of What’s New through the
“updated” and “new” icons as shown in Figure 46.

Nawgatlon Menus
Menu Description Document
IMG Home MG home page
Find Genomes
Genome Browser (RETE LV
Genome Search By Fields .
H Bz Metadata w
Find Genes
n Gene Search (EEED Find genes in selected genomes by keyword. e
= BLAST [updatad] Find sequence similarity in IMG database. L)
Phylogenetic Profilers Find genes in genome (bin} of interest qualified by similarity to seguences in other genomes (based on
BLASTP alignments). Only user-selected genomes appear in the profiler.
Find Functions
Function Search (‘J‘)ﬂﬁt-‘j Find functiens in selected genomes by keyword. LA
Function Alignment Find alignments in selected functions and genomes by keyword.
ﬂm List of SEED product names and subsystems. L
COG List of COGs
man Pfam Pfam list.
TIGRfam TIGRfam roles and list.
Enzvme List of Enzymes, EC numbers.
Transporter Classification EEE' List of Transporter Classification families. L4
KEGG KEGG Orthology (KO} Terms and Pathways
KO Term Distribution
KEGG Orthology (KO} Terms
MetaCve MetaCyc Pathways
7 IMG Hetwork MG Metwork Browser
MG Parts List
MG Pathways
MG Terms
7 MG Network Browser
© 4G Parts List
5 I4G Pathways
o MG Terms
All Pathways
Phenotypes

Figure 46: Navigation Menus.

3. Sub-Pages and Components
Sub-Pages and Components page lists important sub-pages and components that are
not covered by navigation menus as shown in Figure 47.
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Page
Genome Detail Page

Organizm Infermation
Genome Statistics
Phylogenetic Distribution of Genes
Putative Horizontalty Transferred Genes
Genome Viewers

Scaffolds and Contigs

Chromosome Maps

Web Artemis
Compare Gene Annotations
Download Gene Information
Export Genome Data

FASTA

Tab Delimited
Genbank
Generate GenBank File
Gene Detail Page

Gene Information

Add to Gene Cart

Find Candidate Enzymes

Find Candidate Product Name
Evidence For Function Predictions

Neighborhood

Conzerved Neighborhood

External Seguence Search

sub-Pages and Components

List of important sub-pages and components that are not covered by navigation menus.

Description

[ see example ]
[ 2ee example ]
[ gee example ]
[ =ee example ]

[ see example ]
[ see example ]
[ see example ]

FASTA nucleic acid file for all scaffolds
FASTA amino acid file for all proteins
FASTA nucleic acid file for all genes
FASTA intergenic seguences

[ see example ]

Click on "Add To Gene Cart” button under Gene Information section to add this gene to the gene
cart

Click on "Find Candidate Enzymes” button under Gene Information section to find candidate
enzymes for this gene

Find candidate product name for this gene. [ see example ]
[ zee example ]

Seguence Viewer For Alternate ORF Search [ gee example ]

Chromoesome Viewer (colored by COG, GC, KEGG, Pfam TIGRfam, Expression) [ see example ]
COrthelog Neighborhood Viewer

Chromosomal Cassette Viewer (COG, IMG Orthelog Cluster, Pfam)

[ 28 exarnele]

Document

Figure 47: Sub-Pages and components.

4. Archive of past What’s New

Archive provides links to past documents of “What’s New” as shown in Figure 48.

Archive of past What's New

o )~ MG3Z
o < MG 3.1
+ )= MG 3.0
. - MG2S
o~ IMG2E
o« - MG2T
+ - ING2E

Figure 48: Archive of past What’s New.
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