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IMG 3.2 is the 20" release of the Integrated Microbial Genomes (IMG) genomic data
management and analysis system. IMG 3.2 was released on September 7", 2010.

IMG 3.2 Content
Genomes

The content of IMG 3.2 has been updated with new microbial genomes available in RefSeq
version 41 (June 14, 2010). IMG 3.2 contains a total of 6,115 genomes consisting of 2,290
bacterial, 94 archaeal, 76 eukaryotic genomes, 2,536 viruses (including bacterial phages), and
1,119 plasmids that did not come from a specific microbial genome sequencing project. Among
these genomes, 4,850 are finished genomes, and 1,261 are draft genomes, and 4 are
permanent draft (i.e. will never be finished) genomes.

Note that 31 microbial genomes from IMG 3.1 were replaced in IMG 3.2 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genome has been replaced by its finished version, or (2) the composition of the genome has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. 3.2. See IMG Data Evolution History for details.

IMG 3.2 also contains proteomic data from Arthrobacter chlorophenolicus®, Cryptobacterium
curtum, and Brachybacterium faecium studies.

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



What’s New in IMG 3.2 2

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 3.1, IMG 3.2
contains 9,370,400 genes, an increase of 1,256,224 genes.
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Figure 1. IMG Statistics.

The Content History link on the home page of IMG leads to a bar chart, as illustrated above,
representing the growth of IMG in terms of number of genomes and genes since the release of
its first version in March 2005. Note that the number of genes is recorded only for the last five
versions of the system.

The Project Map link on the home page of IMG leads to a Google Map, as illustrated above,
displaying the location of isolation sites for genomes that are associated with longitude/latitude
coordinates in GOLD (http://www.genomesonline.org/).
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IMG 3.2 User Interface

The IMG User Interface (Ul) has been extended in order to improve its overall functionality and
usability. The main IMG Ul changes include:

1. New features

a. Site Map
b. Find Alignment
c. Distance Tree

2. Extended features

a. Genome Search
i. by Fields
ii. by Metadata
iii. Genome Filter

b. Find Function — SEED , SwissProt and KEGG added
Generate GenBank File for large genomes

d. Table Display
i. Search / Filter rows
ii. Select/ Deselect page
iii. Show / Hide Column
e. Gene/Function/Scaffold Carts
i. Gene Cart
e add to Function Cart
o Gene Cart Neighborhoods red underlines genes in Gene Cart.
e Toggle select.

ii. Function Cart
e Add to Gene Cart
e Toggle select

iii. Scaffold Cart
o Toggle select

f. Protein Expression Studies Comparative Analysis Tools
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New Features

Site Map

A new Site Map link is available in the User Guide section of Using IMG, as shown in Figure 2,
leading to a list of IMG’s menu and analysis tools.

MG Home Find Genomes Find Genes Find Functions Comgare Genomes Anahysis Carts Byl ‘ LIsing MG

Ahout MG | User Guide | Education | Publications

User Guide

~ User Interface Map

| System Requirements

Site Wap

| IMG User Manual

A
Site Map
Wanu
Genome Details
Geng Detalls
Ofiher Tools

Menu

Tools Description

IMG Home IMG home page
Find Genomes
Genorme Browser

Genome Search By Fields
By Metadata

Find Genes
Gana Search Find genes in selecled genomes by keywaord,
Cassefle Search
BLAST

Figure 2. IMG Site Map.
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Find Alignment

Function Alignment is a new tool that lists alignments of functional prediction for genes. User
first enters keyword, next selects COG or Pfam or both as filter to look for specific functions and
genes. The Genome Filter is provided to limit the scope of search. The result page is split into
two parts through tab view: COG and Pfam. If the Function Alignment search involves only
one type of function, then either COG or Pfam tab view is displayed (Figure ).

Function Alignment can be also accessed from Gene Cart and Function Cart.

MG Home: Find Genomes Find Genes Find Functions: Compare Genomes

Ffam | K | M

Enzyme | TIG

Function Alignment Search

Find alignments in selected functions and genomes by keyword. COG Funcliorl Alignmeni SE&II’Ch Resuﬂs
Keyword: |[C003729 | S
Fiters: | [COG = c
ONSensus . -
Percent Query Query Aignment Bit
Gene || COGID | Soquence Description \dentity | Start  End On Query Gene Score
Length
Domaing: (Byacteria, (Archaea, (Eyukara, (Pilasmids, (Miruses. [R] General function
Genome Completion: Flinished, [Flermanent Drafl, [O]raf. 647153080 COG3729 | 73 prediction only 93.62 1 46 51
. General sTress protein
Genome Fitter 6370687218 COG3IT28 | T3 General stress protein 35.53 AL T
. E43619468  COG3728 73 General stress protein 3553 1 76 1 48
8eq. Status Bamain A40503550 | COG3729 73 General stress protein 65.22 50 a5 - 46
|AHFinished. Permanent Draft and Draft '~'||Elactsria 5 640900329 | COG3728 | 73 General stress protein BI64| 21 T4 T
42134336 COG3T29 73 General stress protein 100 3o 49 ] 41

@ Genome List: O Genome Tree:

Abiotrophia defectiva ATCC 49176 (B)[D) ~
Acarvochloris marina MBIC11017 (B)[F)

Acetobacter pasteurianus IFO 3283-01 (BI[F)

Acetobacter pasteurianus IFC 3283-01-42C (B)[F]

Acetobacter pasteurianus IFO 3283-03 (BI[F)

Acetobacter pasteurianus IFO 3283-07 (BI[F]

Acetobacter pasteurianus IFO 3283-12 (BI[F)

Acetobacter pasteurianus IFO 3283-22 (BI[F]

Acetobacter pasteurianus IFO 3283-26 (BI[F)

Acetobacter pasteurianus IFO 3283-32 (BI[F] v

Figure 3. Function Alignment applied on COG3729 for all bacterial genomes.
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Phylogenetic Distance Tree

Distance Tree is a new tool available under the Compare Genomes tag on the IMG main
menu, as shown in Figure 4.

MG Home Find Genomes Find Genes | Find Functions Analysis Carts | Tyl |
Genome Statistics | Svrte ' WiEwers istal g=1-] rofiles | Fumction Profile |
Distance Tree FoRlcH
FPlease select genomes far the tree.
Reset
Select  lgnore Taxon Name
O < Archaea
= o Crenarchaeota
= & Aeropyrum
* L Aeropyrurm pernix k1 (8F]
= (o Desulfurococcus
o) [ Desulfurococcus kamchatkensis 12210 (&[F)
. s Nematoda
r (e Caenorhabditis
[ [0 Caenorhabditis elegans (E)[F]
r o Streptophyta
( r‘ Arabidopsis
[ (" Arabidopsis thaliana (E)[F]
Distance Tree ]

Figure 4. Distance Tree.

Genomes are first selected for distance tree calculation, as shown in Figure . The tool then
computes the phylogenetic distance between genomes and displays the tree in the
Archaeopterix applet, as shown in Figure . This applet allows users to save the analyzed tree as
a pdf file. Each node in the tree links to the gene page for that node.
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Phylogenetic Tree for Selected Genomes

85 genomes were analzed {out of 82 that were selected)
{The tree is generated using the Archasopters applef)

Launch in separate window

Use mouse wheel + SHIFT to rotate the circular tree

Click on Node to:

Figure 5. Distance tree viewed with Archaeopterix applet.
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Extended User Interface Features

Genome Search

The Genome Search page in Find Genomes is split into two parts through the application of tab
view: “by Fields” and “by Metadata”, as illustrated in Figure .

Find Genas

Finid Finctions COMpane Gendimes

WG Horme Firel Genames

Genome Browwser | Genome Seanch

| Ganoime Browsear I GENameE Sitiﬂ'lfil’l
Genome Search

Genome Search
b Flelds
oy Fields b bledadala

by Metadala by Fields (INEAEEELELE]

by Flalds by Metadata

Selec! category search values

. Category Logleal Operator
Genome Search by Fields {ar infra-catagary union)
(. EvpandAll || Gollapse Al | o0 inter-category inferseclion)

Find genomes by keyword or substring. =
+ [ Bintic: Relationships or

Keyword: | and
Filters: | Genome MName ~| & Body Site o
+ | Additional Output Columns : and
- Boudy Subsite or

+ _ Cell Arrangement ar

Figure 6. Genome Search: search by fields or metadata.

Genome Search by Fields

The search based on “NCBI Project ID” is replaced with “Refseq Project ID” and “GenBank
Project ID”. The new “All field names*” is aka ‘Quick Genome Search’ on the top. In addition
to the traditional search on genome name, taxonomy ranks, certain attributes and various IDs,
this search broadened its coverage to include area such as “RefSeq Project ID”, “GenBank
Project ID”, “Is Public”, “IMG Release”, “IMG Product Assignment”, “Gold ID in IMG Database”
and “Add Date” (in format: yyyy-mm-dd), as illustrated in Figure 7.

The result page now displays “Domain” and “Genome Completion” as default. In addition,
through the selection in search page, the result can display a variety of “Additional Output
Columns™:

1. Taxon Object ID; NCBI Taxon ID; RefSeq Project ID; GenBank Project ID

2. Phylum; Class; Order; Family; Genus; Species; Strain

3. Sequencing Center; Funding Agency

4. Add Date; Is Public

5. IMG Submission ID; IMG Release; IMG Product Assignment; GOLD ID in IMG Database
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Genome Search Genome Field Search Results

by Fields
by Metadata Selact Al Claar i
N oy Metadata

o Selechons do notake effect ibilvou save them. You musd select st Jeast one genaime.
G0 Fraforences 10 Show or hids plasmids andvises
G0 fo horne page slatisis under MG Benames b salect ingivicial phylogensilic domans or alf

Genome Search by Fields genomes.
Find genames by keyword or substing. Domains(Diy: B=Bateria, A=Archaea, E=Eukarya, P=Plasmids, V=\inses.
Ganome C () F=Finishied, P=Parmanan Draf, D=Draf

Keyword: | pseudomonas

Cliek on column rarme o sort

Genome Name ¥
/(= Adijonal Output Columns [CEwar | pagetorz =15 12 nee last== 1009
-~ Taeon DbjectID | Select Da C Genata Mame Taon Objecti  NCBITamon D RefSeq Project D .
~EngBiTaxon 10 O B D Psoudomonas serugingss 2182 LR AR |00 1511
Seq Project 1D
JenBank Project ID | Id| B D  Psewlomonas saruginosa C3TH 0 GB350 350704 18170
[ Sehlum O B F Pseudomonas seneinosa LESESE G43348568 557712 i
~[IClass | | B F Pseudomonas saruinosa PAT 540753042 BT 16700
[ Order
| Farnily
[ Genus

Figure 7. Example of Genome Search by Fields and its results.

Genome Search by Metadata

Each metadata category is now displayed as a tree. User can open the tree, or expand all
trees. The logical operator for intra-category is union, and for inter-category is intersection.

The Habitat category is replaced with five other ecosystem classifications: Ecosystem,
Ecosystem Category, Ecosystem Type, Ecosystem Subtype and Specific Ecosystem (Error!

Genome Search Gename Metadata Search Results
by Fields Search Condition
by Metadata

By Sike: Arazys

[ by Fieids [RRTTEEIEE
| Save Selections Selectal Clear sl

Select calegory search values.

CE Sedencionns oo nod lawe @ iBel andivyow s dharn. Fou mus! sect 3 sl one Denorme.

Gor by Eresiareann s i shaw O Wi Dasmis and vinses.
Categony Logical Operator G;:rohurnepmmui:e umlst MAG Ganomes o ssisch indfvidial phiogenali; damains or aif

(0r intra-category union)

L Brpand Al | Collapse Al T (g inter-category intersection)
Comaing(D): B=Baclenia, A=Archaga, E=Eukana, P=Flasmids, V=\inses
o —— - . G2nome Cormpleton(Cy F=Finished, P=Pemanent Dran, D=0rat
+ | Biotic Relationships or
and Clickan column name 1o s
== Body Site port | Pagedofd 1 Al -
S Tr— Selecl c Gename Hame -

[t}

B o
B a]
B o
B F
B o
B F

Actinobaciluz plewropnewsnon lae £ 3 003

Reference source not found.).

Figure 8. Example of Genome Search by metadata and results.
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Genome Filter

The Genome List Filter is renamed into Genome Filter, since it added a “Genome Tree” feature
in addition to the default “Genome List”. This tree feature is accessible through selection. User
has three options to open a tree (Error! Reference source not found.):

1. Single click to open the node itself only.
2. Double click to open the node and its subsequent children.

3. Use button to expand all nodes recursively.

In pages that require multiple selection of genomes, such as “Gene Search”, “Function
Search”, “Function Alignment”, “Cassette Search” and “Artemis ACT”, a checkbox is applied
to each node, and the highlight selection is propagated both up and down. In the page of “A
Genome vs Metagenomes”, only the end node hosts a radio since it requires single selection
of genome. A radio selection excludes the others.

The Genome Filter is also introduced into pages of “Gene Cart”, “Function Cart” and “Gene
Product Name Search Results”. In pages of “Gene Cart” and “Function Cart”, the Genome
Filter is share-used by several profile and alignment tools.

Genome Filter Genome Filter
Seq. Status Comain Seq. Status Comain
All Finished, Permanent Draftand Draft || All b All Finished, Permanent Draft and Draft v || All -
@ Genome List: C Genome Tree: O Genome List: @ Genome Tree:
[Aciduliprafundum boanei T4BA (A)(F] Al
Aciduliprofundum boonei T489 (A)[D] Expand All Collapse All

Aeropyrum pernix K1 (4)[F]

Archagoglobus fulgidus DSM 4304 (A)[F) A
Archaeoglobus profundus DSM 5631 (&)[F] =t[_Archaea
Caldivirga maguilingensis |C-167 (A)[F]

+-

v +-(| Euryarchaeota
Candidatus Korarchaeum cryptofilum OPFS (A)[F] Lo
Candidatus Methanaregula hoanei BAS (4)[F] +i [ Crenarchaeota
Cenarchasum symbiosum A (43[F] +- | Korarchaeota
Desulfurococcus kamchatkensis 1221n (A[F] “ [
. [+ Thaumarchaeata
-i---: Manoarchagaota

]

+___ Bactetia
+: Eukaryota

Figure 9. Genome Filter.
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Find Function

Find Function has two new search entries: SEED Product Name/Subsytem Name and
SwissProt Product Name. Both are included into “All Function names” search. In addition,
KEGG Orthology ID, KEGG Orthology Name and KEGG Orthology Definition also made
way into the list of “All Function name” search.

Many queries in Find Function have been tuned for performance. In general, “All Function
name” search now takes 40% less time than before. The most dramatic improvement comes
from the search of “IMG Term and Synonyms”. An “ase” search with all genome can be
accomplished within 1 min, before it took 8 min.

Generate GenBank File

The Generate GenBank File tool resides in the pages of Taxon Details, metagenome Bin
Details and Scaffold Cart. Now when user selects over 100 scaffolds, the program will ask user
to input his/her email address. Therefore, the program can generate the GenBank file at the
background and sent the results back to the user through an email. The email contains a link,
which allows the user to download the generated .zip file (Error! Reference source not
found.). User needs to unzip the file to view its .gbk or .embl content.

By taking this strategy, not only user can continue his/her work without the waiting time, but also
the program can perform works that cost more than 5 min connection time.

Generate Genbank File

You may generate a custom Genbank file for one or more scaffolds,

Your MylMG gene annotation may override the default product name.

{rou must be logged into MylMG to use your annotations.)

Ifan IMG term is associated with a gene, this can also override the product name.

IMG term, if present and the override option =selected, also overrides MylMG annotation.
The file is wiewwahle by a recent version of Artemis.

scaffolds - can take a long time o run)

. 1000001 - Plesiocystis pacifica SIR-1, unfinished sequence: NZ_ABCS01000001 {319886hp)
NZ_ABCS01000002 - Plesiocystis pacifica SIR-1, unfinished sequence; NZ_ABCS01000002 (2300200p)
NZ_ABCE01000003 - Plesiocystis pacifica SIR-1, unfinished sequence: NZ_ARCE01000003 (20657 3hp)
NZ_ABCS01000004 - Plesiocystis pacifica SIR-1, unfinished sequence; NZ_ABCES01000004 (184847hp)
NZ_ABCE01000004 - Plesiocystis pacifica SIR-1, unfinished sequence: MZ_ARCE010000045 (1810100p)
NZ_ABCS01000006 - Plesiocystis pacifica SIR-1, unfinished sequence: NZ_ABCS01000006 (178487hp)
MZ_ABCES01000007 - Plesiocystis pacifica SIR-1, unfinished sequence: MNZ_ABCS01000007 (170347hp)
NZ_ABCS01000008 - Plesiocystis pacifica SIR-1, unfinished sequence: NZ_ARCS01000008 (1656250p)
MZ_ABCED1000009 - Plesiocystis pacifica SIR-1, unfinished sequence: MZ_ABCS01000009 (160197hp)

MyMG Annotation (ou are not logged in to use MylMG annotations)

Scaffold

IMG Term O owerride product name with IMG term.
Gene Object ID [ include IMG Gene Object 1D in note field.
Misc. Gen Include miscellaneous gene features.

My Email - : - -
(Results will be mailed to vou if selection over 100.)

[ ] ] Reseat

Figure 10. Generate Genbank File with submit request for large genomes.
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Table Displays in the User Interface
Table Display: Search / Filter Rows

Rows in tables can now be filtered by a search term. The search term can be a part of a word, a
word, a phrase, multiple words or a combination of these.

1. Select Search column from the dropdown list.
2. Enter Search term (see Figure ).

Note: Using the search feature when rows are selected (checkboxes checked) is more time
intensive.

| SelectPage || DeselectPage | searchcoumnfiD . . . v || searcn term[
Page 1 of 29 122 10 | next>s last== 100 %
Genome Name -
Select D a C Genome M Sequencing Center Sequencing Center Gene Cof
O * D AMAS dechlorinating hioreact{ ©€ne Count Search by Genome Name 6
Genome Size
o ) All Columns Univ of California
* D Acid Mine Drainage ! 1
[ = Berkeley, JGI
N Acid Mine Drainage microbial communities from
O D Richmaond mine JGl 2
¥ * D Acromyrmex echinatior fungus garden (combined) 11
N - : - ) ) ) JGI, Genome
F D Air microbial communities Singapore indoor air filters 1 Institute of Singapore 4
O . D Air microbial communities Singapore indoor airfiters 2 - 2ENOMe 4
Institute of Singapore
Amitermes wheeleri P3 lumen fluid microbiome, cow
F * D JGl 32
dung
| Select Page | | DeselectPage | Search column:| Genome Name | Search term: |microbial| <
Page 1 of 2 1 2 nex= last== |[100 &
Select D a C Genome Mame Seguencing Center Gene Count Gel
Acid Mine Drainage microbial
* D JGl 25839
- communities from Richmond mine
0 . D ..Alr mlcrqblal communities Singapore JGI,.Genome Institute 46894
indoor air filters 1 of Singapore
0 . o .f\ir micrc.jbial communities Singapore JGI,.Genome Institute 15666
indoar air filters 2 of Singapore
Anaerobic Methane Oxidizing / Sulfate
Reducing microbial communities from
idl * D Eel River Basin sediment, California 35229
BC2ANME2-MDA (BC2ANMEZ
454-Reads)
Anaerobic Methane Oxidizing / Sulfate
Reducing microbial communities from
. Eel River Basin sediment, California
O D BC3ANME? (Multiple Displacement 27843
Amplified 3rd round ANME-Il bead capture
454 reads)

Figure 11. Filter table rows: before filter & after filter.
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Table Display: Select / Deselect Page
Rows in tables can now be selected or deselected one page at a time.
Click the “Select Page” button to select all rows on the current page (Figure ).

- Click the “Deselect Page” button to deselect all rows on the current page (Figure ).

Domains(D): *=Microbiome,
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.

F-l Select Page l DeselectPage | Search column:| D ¥ | Search term:
Pane 1.0f20 123

23456 7/ 8/9|10 ned= last== |100 &
4| Select rows on this page only !
%ed Da C Genome Mame Sequencing Center Gene Count Genome Size
* D ANAS dechlorinating bioreactor (Sample 196) JGl 61557 41065977
- ; Univ of California
* D Acid Mine D q ' 12820 10830886
O cid Mine Drainage Berkeley, JCI
0 . D Aqd Mine Drgmage microbial communities from Jal 25830 20656058
Richmond ming
O * D Acromyrmex echinatior fungus garden (combined) 114620 61239920
JGI, Genome
O * D Air microbial communities Singapore indoor air filters 1 . - 46594 35449373
Institute of Singapore
O] © D Armicobis communities Singapore indoor airfiters2 - SS"OMe 45666 40148915
Institute of Singapore
0O R D Amitermes wheeleri P3 lumen fluid microbiome, cow 1l 429143 140205196
dung
A4

Domains(D): *=Microbiome,
B=Bacteria, A=Archaea, E=Eukarya, P=Plasmids, WV=Viruses.
Genome Completion(C). F=Finished, P=Permanent Draft, D=Draft.

—lp-
Click on column name to sort.

‘Select Page; | Deselect Page |Searchco|umn: D * | Search term:

Paae 1 0f 29 122456l 7]8al 10 next= last=> [100
Select rows on this page only !
et D& C Genome Name Sequencing Center Gene Count Genome Size
’ \ * D AMAS dechlorinating bioreactor (Sample 196) JGl 61557 41065977
A . Univ of California
v * D Acid Mine Drainage ! 12820 10830886
- Berkeley, JGI
Acid Mine Drainage microbial communities from
7 +
D Richmond mine JGI 25839 20656958
* D Acromyrrmex echinatior fungus garden (combined) 114620 61239920
JGIL G
* D | Al microbial communities Singapore indoor air filters 1 - Senome 46804 35449373
Institute of Singapore
s D | Airmicrobial communities Singapore indoor airfiters 2 | ~o - SeNome 45666 40148015
Institute of Singapore
Amitermes wheeleri P3 lumen fluid microbiome. cow
* D JGI 322148 140205196
dung

Figure 12. Select page: before selecting page & after selecting page.
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Domains(D): *=Microbiome,
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.

— | SelectPage || DeseleciPage Searchcolumn: Searchterm:l:l

Page 1 af 29 1 oalallsllallzg]/el 10 next= last== [100 &
| Clear all selected rows on this page only !
%ect Da C Genome Name Sequencing Center Gene Count Genome Size
* D AMAS dechlorinating bioreactor (Sample 196) JGI 61557 41065977
- . Univ of California
v * :
D Acid Mine Drainage Berkeley, JGI 12820 10830886
Acid Mine Drainage microbial communities from
7 *
D Richmond mine JGl 25839 20656958
* D Acromyrmex echinatior fungus garden (combined) 114620 61239920
= D Alrmicrobial ities Si indoor airfilters 1 - C&MOme 46894 35449373
ir microbial communities Singapore indoor air filters Institute of Singapore
+ | p | Airmigobial communities Singapore indoor air filers 2 | © ok Senome 45666 40148915
Institute of Singapore
Amitermes wheeleri P3 lumen fluid microbiome, cow
® D JGI 322148 140205196
dung

Domains(D). *=Microbiome,
B=Bacteria, A=Archaea, E=Eukarya, P=Plasmids, V=\firuses.
Genome Completion(C): F=Finished, P=Permanent Draft, D=Draft.

Click on column name to sort.

| SelectPage || {DeselectPage: | search column: Searchterm:|:|

Page 1 0f29 1.7 1045 a7 89 10 neds last>>

! Clear all selected rows on this page only ! -

%ect Da C Genome Name Sequencing Center Gene Count Genome Size
| * D AMNAS dechlorinating bioreactor (Sample 196) JGI 61557 41065977
A ) Univ of California,
* D Acid Mine Drainage ' 12820 10830886
O Berkeley, JGI
H . D Aqd Mine Dr§|nage microbial communities fram Il 25839 20656958
Richmond mine
F * D Acromyrmex echinatior fungus garden (combined 114620 61239920
JGI, Genome
[l * D Air microbial communities Singapore indoor air filters 1 | ) 46894 35448373
Institute of Singapore
- ) - ) ) ) JGI, Genome
dl * D Air microbial communities Singapore indoor air filters 2 ) ) 45666 40148915
Institute of Singapore
Amitermes wheeleri P3 lumen fluid microbiome, cow
[ * D JGI 322148 140205196
dung

Figure 13. Deselect page: before deselecting page & after deselecting page.
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Table Display: Show/Hide Column

Columns in tables can now be shown or hidden.

1. Click on the Column Selector tab at the top left hand corner of the table. (Figure )

2. Show or Hide columns by clicking the corresponding button in the dialog box.
3. Click on Close to dismiss the dialog box and return to the table.

16

Domains{D): *=Microbiome,
B=Bacteria, A=Archaea, E=Eukarya, P=Flasmids, V=Viruses.
Genome Completion{C): F=Finished, P=Permanent Draft, D=Draft.

Click on column name to sort.

| SelectPage || DeselectPage | Search column: Genome Name

Page 1 of 20 1

| Search ig

2| 3||4]/5|6|7(8|89| 10 ned
Column Selector I
Select D« C Genome Name Seqy
F | Show or hide columns |, dechlorinating bioreactor (Sample 196) Jal
A . Univ
* D Acid Mine Drainage
O Berk
Acid Mine Drainage microbial communities from
O . D - —— Jel
Richmond mine
L * (] Acromyrmex echinatior fungus garden {(combined)
D * L Air oniorabial roreniti o nra ind roir Hldoro 4 JGI'
Domains(D): *=Microbiome,
B=Bacteria, A=Archaea, E=Eukarya, P=Plasmids, V=Viruses.
Fl * Genome Completion(C). F=Finished, P=Permanent Draft, D=Draft.
O . Click on column name to sort.
| SelectPage || DeselectPage | Search column:|Genome Name v | Search tem
Export Page 10of28 ==<first <prev 1 |2 ([ 3||4|/5( 6| Z| 8| 8| 10 | next>]
Column Selector
Select “ C Genome Mame Sequer
E * D AMAS dechlorinating bioreactor (Sample 196) JGI
| x .of
Show or Hide columns in this table ele
> A
Select
. Gel
c Show Hide N
N
Genome Name
-

Figure 14. Using the Column Selector to show or hide columns.



What’s New in IMG 3.2 17

Gene/Function/Scaffold Carts

Gene Cart

Genes selected in Gene Cart can be added to Function Cart, as illustrated in Figure 11. First,
select genes from the list of genes in Gene Cart. Then, select a function type (COG, Pfam
TIGRfam, EC Numbers, MetaCyc, KEGG KO, IMG Pathways, IMG Parts List, and IMG Terms),

and add the genes to Function Cart where they will be associated with the functions
corresponding to the selected function type.

Gene Cart

Gene List

Upload & Expont
Comparison Tools
Function Alignment
Chromosorme Man
Seguence Alignment
Gene Neighborhoods
Prafile Tools

Gene Profile
Qccurrence Profils

Function Cart

Function List
Upload & Export
Function Alignment
Profile Tools
Function Profile

Gene List

4 gene(s) in can

| Occurrence Profiles

Function List

Gene List

4 function(s) in cart

Remove Selected

4 of 4 rows selected
Export | Page of1 1 Al W

4 genels)in cart

Remaove Selected

SelectAl Clear Al

Add Scaffolds of Selected Genes to Cart

Page 1 of1 1 Al
Selection  Function [D MName Batch! ¥
Gene
Ohject Locus A8 Seq
Selection D T R T (ot COGO0EY Glutamate synthase domain 2 1
Aspartate COGO136 Aspartate-semialdehyde dehydrogenase 1
641274512 Crmag_0009 kinase 3T7aa
(EC:2.7.2.4) CoGasaT Asparokinases 1
EEEElD C0G0531 Amino acid transporters 1
semialdehyde
E41274511  Cmag_0008  dehydrogenase  343aa
(EC1.2.40.113
(IMGterm)
glutamate
synthase
(MNADPH) GItB 2
641274532 C 0028
palardads | bman. subunit (EC
1.4113)
(M Gterm)
hypothetical
641274520  Cmag_0017 Pk 508aa
Page 1 of 1 1 Al v

1-Eachtime a setof genes is added to i

cart, a new distinguishing batch)

Function Cart

Add to Function Cart COoG ha

Figure 11. Add Gene Cart genes to Function Cart associated with functions of a selected type.
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A new Gene Neighborhoods tool in Gene Cart allows displaying gene neighborhood plots with
the genes in the Gene Cart underlined with red lines, as illustrated in Figure 12.

Gene Cart .
o Gene Cart Neighborhoods e

Upload & Export
Comparison Tools Neighborhoads of selected genes in carl
Function Alignment ) )
Chromosnne hap| Genes ofthe same color (except ight yellow) are fram the same orthologous group dop COG hij
Sequence Alignment -

T — Light yellow = na COG assignment.
Profile Tools

Gene Profile
Qccurrence Profile

Cl iMouse over a gene to see details (once page has loaced).
Gene List

5 gene(s)in cart

................................ Retmose Seleted
Remove Selected Add Scaflolds of Selected Genes to Cart

SelectAll

Caldivirga naguilingensis IC-167: NC_0O9934
T WM

37 iy 16773 Hm 677 177
Paget ot 1 Al i/ DOBBEN ]
Gene
Ohbject Locus AASeq
Selection o Tag Product Mame « Length Genome Bat
paitate Caldivirgz 25 e 37 w 7
E41a7d01d | maguilingensis
B41274512 | Cmag_0008  kinase 37Taa maguilingensis | 1 -H:} ED-D[}:} m'D- D 3
(EC:27.2.4) 1C-167 G T
aspartate
semialdehyde Caldivirga
G41274511 Cmag_0008 dehydrogenase 343aa maguilingensis 1
Eﬁ\ﬂ%:efﬂ:; » 1167 HEM 2063 HEM 18634 14634 B34 4
glutamate GCK]. T— G
STlESe Caldivirga
641274566 Cmang_0083 [NADPH) GIfB2 463aa maguilingensis
subunit (EC
14113 —

Caldivirga naguilingensis IC-167: NC_009934
1428 20424 W 42 o fir] L] 428 ] 2]
b PO DED b

. y
Gene NEIghBOFhOOdS @am aoa = o (| Jeoae mooa ad

) 53" direction of each selected geneis lefAd right.

Caldivirga naguilingensis IC-167: NC_0099%4
O 5 3" direction of plus strand is alws i e 8

Zfta right, on top. . LB, s o piird E?;sss o E}m[s} 5 B 5
0 Qg d 44d g T W ad 7 @ ad

Show Meighborhoods

Figure 12. Gene Cart Neighborhood underlines, in red, genes found in Gene Cart.
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Genes selected in Gene Cart can be toggled, that is, their selection states can be reverted, as

illustrated in

Gene List

139 gene(s) in cart

[ Remove Selected ]

I[ Toagale Selected

| Select Page || Dese}f

Page 1 of 6

v

Gene List

139 gene(s)in cart

[ Remove Selected ]

Toggle Selected

P

| Select Page || DeseledPage/

Vi

page 1 of6 /

Gene Cuontig Gene Contig
Object Locus zantig Contig Read Object Contig Contig Read
Selection ID TapAength GC Depth Selection D Length GC Depth
r— pr—
O 2008193252 2310bp 0.48 1.40 2008193252 2310bp 048 1.40
2008194907 1924bp 0.50 210 F] 2008194907 4bp 0.50 210
2008207346 794bp 0.39 - O 2008207346 T94bp 0.39 -
| T96bp 0.51 - 2008196979 T96bp 051 -
2008201211 303bp 0.44 - [l 2008201211 803bp 044 -
[ 2008194424 15bp 0.49 200 2008194424 915bp 049 2.00
¥ 2008194453 1320bp 0.51 170 200819 1320bp 051 1.70
" 2008205814 794bp 053 - [] 2008205814 794bp 0563 -
o ——
Figure 13.

Figure 13. Toggle genes selected in Gene Cart: before toggle & after toggle.
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Function Cart

Genes that are associated with functions selected from the Function List in Function Cart, can
be added to Gene Cart, as illustrated in Figure 18.

First, select functions from the Function List. Next, select genomes from the list of genomes
provided in the Function Profile section of Function Cart. Click Add to Gene Cart to add all
the genes associated with selected functions and genomes to Gene Cart.

Function Cart
Gene List
Upload & Export
Eunction Alignmen
Profile Tonls 5 genefs)in cant
Function Profile
Qccurrence Profiles
Function List Remove Selected Add Scaffolds of Selected Genes to Cart SelectAll
Expott | Page 1 oft 1 Al v
Page 1 of 1 1 Al Gene
Selection Function 1D Marme Batch! ~ Object Locus AA Bag. 1
- Selection [0} Tag ProductMame = Length Genome Batch
COG0063 Glutamate synthase domain 2 1
(i) COG0136 Aspartate-semialdehyde dehydrogenase 1 Asparate Caldivirga
|} cocoszy spartokinases 1 O 412745812 Cmag_0009  kinase 37Taa manuilingensis | 1
= COG0531 mino acid transparters 1 (EC2T24) IC-167
- aspartate
Function Profile semialdetyde Caldivirga
view selected functionis) against selcted genomes O 6412744811 Cmag_0008  dehydrogenase  343aa manuilingensis | 1
Please select1 to 500 genome(s), (EC1 21 11) 1C-167
Domains: (B)actetia, (Airchaea, (EyuMarya, (P)lasmids, (Wiruses (‘MGtErm)
Genome Completion: [Flinished, (Plefmanent Drafl, [Dlraft.
Genome List Filter glutamate
Seq. Status Dormain Symhase Caldi\"irga
All Finished, Permanent Draft and Draft__ | [Archaea  ~ BL1274568  Crnac_ 0063 (NADPH) GitB2 e manuilinaensis | 2
JAC3 WL hlili) | y maguilingensis
. subunit (EC
@ Genome List: O Genome Tree: 14113 IC-167
Raciu) :
- (IMGtem)
Pyrabaculum arsenaticum DSM 13514 (a(F] glutarmate
Pyrobaculum calidifontis JCGM 11548 (A)[F] g mhase
Pyrobaculum islandicum DEM 4184 (4)[F] i Caldivirga
Thermoproteus neutrophilus Y245ta ()IF] (NADPH) GItB2 - )
Aciduliprofundum boonei T469 (%)[F] 641274532 Cmag_0029 ) THaa maguilingensis | 2
aciduliprofundum boonei T463 (4)[0] subunit (EC
Archagnolnhis flmidis DS 4304 FAYE] v IC-167
141.13) —
e
Caldivirga
Gene Cart hypothetical —q‘ .
O 641274520  Cmag_0017 - A08aa maguilingensis | 1
Add selected functions’ genes to Gene Cart IC-167
Addto Gene Cart Use above Genome ListTeature to restrictwhich genes to include

Figure 14. Genes with selected functions & genomes in Function Cart are added to Gene Cart.

Functions selected in Function Cart can be toggled, similar to the genes in Gene Cart, as
illustrated in Figure 17 above.
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Scaffold Cart
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Scaffolds selected in Scaffold Cart can be toggled, that is, their selection states can be

reverted, as illustrated in Figure 19.

Scaffold Cart

Scaffold List

Scaffold Cart Name

Function Profile

Export and Import Scaffold Data
Histogram

Ehvlogenetic Distribution of Genes

Scaffold List

v

pr—
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[ 2008193214 e —
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Bacterioplankton,
SUMMeEr :
apSum_C168
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Bacterioplankton,
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Bacterioplankton,
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Antarctic Marine
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Antarctic Marine
Bacterioplankton,
SUMMer :
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Antarctic Marine
Bacterioplankton,
summer:
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Antarctic Marine
Bacterioplankton,
summer :
apSum_C670

Antarctic I'-(f
Bacterio
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Bacteriopl
sumrmer r*E
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Bacterioplankic
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summer (*)
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Bacterioplankton,
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Antarctic Marine

Bacterioplankton,
summer (*)

Antarctic Marine

Bacterioplankton,
summer (*)

[ Bwport | Pagetorz

mw S~
Q )

[ Add Genes of Selected Scaffolds To Cart }

Clear All

Toggle Selected

e

Remove fro

Page 10of2

[ Add Genes of Selected Scaffolds To Cart ]

Clear All Toggle Selected K/

Figure 19. Toggle selected scaffolds in Scaffold Cart: before toggle & after toggle.
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Chromosome Viewer

The Chromosome Viewer has been extended with additional coloring by KEGG category,
Pfam category, and TIGRfam roles, as illustrated in Figure .

Gene Detai Evidence For Function Prediction
Ly
Gene Information Neighhorhaod
Find Candidate Praduet bame for Gene 0

Evidence For Function Predictions
Sequence Search | (=) N CEedEc] OMaCad {Em)] (=)
External Sequence Search
IMG Sequence Search
Homalag Display

e T 0 T P T EI] e
E=

red = Current Gene

green = Positional Cluster Gene inthe same KEGG Pathway a5 the Current Gene
Il CRISPR atray

Gene Information aenge Views

Sequence lewer For Alterna earth

Chromozome Viewer colored by {— Select Funcﬂun@
‘Gene Informatian Conserved Neighborhood — SelectFunction—

PerrrrT—r— ®
Gene Object ID 41274511 < G b3
Gene Symhol Done E;%G #§ .
Locus Tag Cmag_0008
Product Name aspartate-semialdehyde dehydrogenase

Chromosome Viewer - Colore¥ by KEGG fosoed

Switch coloting to:

Caldivirga maguilinl ¢oG
(coordinates 1.2222 GO
KEGG

Pfam
( ) Mowsa | TIGRfam

Query gene In re
RNAz In Black
Peaude genas in white
Gene with protein marked by & purpie bar
Gehes In Gene Calt Ia marked by & hive har

(2077567bp ge=0.43)

i LS eiel L1 izoel iTedl 12401 21601 0L Z7T0eL
| =) J—
] 1 10 o [T R a—
28869 F1869 34869 788 +0269 3869 46869 49889 B2869 55869
C C D]  —) =
e [ | o — <] [ I T - I i
- 2z TIze P TiE3e 78328 TTIZ TeT3E EEZE e
L | e v ) -
= =] =i(==] =] =] [ —— La— ] [ara— ]
B9I6E FEIGE AFIEE SBI6F 101365 104365 107365 110365 113365 116365
L D [ [
Jd & <1 [ — e ) | < <H 4
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Figure 20. Chromosome Viewer coloring by KEGG category, Pfam category, TIGRfam roles.
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Protein Expression Studies

Protein Expression Sample “Describe”

For each study, the experiments (samples) can be selected not just for clustering, but also for
a description of functionality, as illustrated in Figure 5. The user first selects some samples to
compare and then clicks on the “describe” button.

Describe is used to compare samples with respect to gene coverage and to display information
and links to cassettes, associated cog functions, and KEGG pathways (Figure 6).

Experiments for Genome e

Arthrobacter chlorophenolicus A6

Impact of Phenolic Substrate and Growth Temperature on the Arthrobacter chlorophenolicus

Synopsis: The Arthvobacter chiorophenolicis proteome was comparad during growth an 4-chloraphenal {4-CF3, 4-nitrophenal (4-MPY,
or ph ennl at 5 and 28 degrees C, both for the wild-type and a mutant strain with mass spectrometry based proteomics.

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

Contacts: https:fcompbio. ol gowmspipelinefjansson_Arthrobacter/contrast dbdtryp arthro_fin html
Janet Jansson; Email: jransson@@lblgoy; Web: httpd feewev-esd. (bl.gowESD_staftjansson_Jfindex html
Mathan C. “erherkmoes; Email: verberkmoesn@@or | gov

Select All Clear All
| Export | pagedofi ==frst =prey 1 ; Al
Select Sample D Sarmple Description Gene Count Feptide Count Total Coverage1 > Average Coverage

Wit 100 ppm 4-MP.
Growth ternp (C): 28;
- L) R SR 1668 18736 1887 .aoga
5, (Replicate 13
Wit 180 ppm 4-CP;
r 1 Growth ternp (C): 28;
B.6 ug protein; Tube
1, (Reference)

1774 18703 105.94 00566

| Export | Page1 off - i 15t A~

Describe Samples

You may select samples to compare and describe,

[ Describe ]

Figure 5 Describe Samples
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Expression Data for Selected Samples

3 zamples selected (5,6,15)

[ Add Selections To Gene Gant ] Select All Clear Al
[ Export | Ppage1ofaz 1)2||3)l4]s8]| 6/ Zlg] g 10| net= last== |100 [
Select  GenelD Locus Tag FProduct Mame 5 5] 15 Cassette ID COG function KEGG pathwvay ~
E- Erimary
(] 43589402  Achl_0997 grengsine 00538244  0.086B5TZ | 00254958  5764334gB7g UCleofide Immunodet ciency
deaminase transport and Eurine
metabolism metabolism
E- Erimary
O 43580623  Achl_121g | Soenesine 01031746 00714286 00887831  I4p43aqmszp ucleotide immunodefeicncy
deaminase transport and Burine
metabolism metabolism
Bladder cancer
s E- -
pyrimidine- Mucledtida Drug metabolism
- f43580620  Achl_1215 nucleoside 00767484 | 0.0902935 | 01128668 74643348670 fransport and - other enzymes
phosphorylase metabolism Pyr|m|d|ne
metabolism
E - Inorganic
r B43500232  Achi_13zz  COPRIONOR o oriis4 03173077 01538462 110B4334gey 0N FAnseort  Hunmtindton's
dismutase and disease
metabolism

Figure 6. Describe functionality.
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The KEGG pathway link from the sample “describe” page, displays the pathway either for
multiple samples or for a single sample, depending on what the user selected. If a single sample
was selected, the pathway will be colored by gene expression (coverage) for that sample
(Figure ). If multiple samples were selected, the pathway will be colored by percentage of

samples in which a given gene is expressed (Figure ).

KEGG Map: Tyrosine metabolism
Coloring hased on coverage of genes for sample: B
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[
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DDT degradation Salidroside
() e o
- Hydm H-Nlethsdtyrarnine ‘,l_\.
x o> © Hordenine
pheny].ace l 4‘11;1 ] XY’I E
4-Chloro- DDI:ﬁm_Lne H-Hy
phensdacetate 2LL2T - L-
114121 1141341 CH
12153 i E
- 1215 41125 34386 (o
3 %‘fﬂ?ﬁ?ﬁ?ﬁ&%ﬁm Od—————» L131115] ‘_- . 43123 1
R waox By ||+ 12129 41128 : -
tﬁmué'om v Homomo e 43125
53310 s
5-Caboxy F-oxohept ¥ iglgd‘éﬁxwhe?g’l 2311410 /—[gf.?;mtﬁesis
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2 A dienedioate (11311 5] 4—-— 114181 [
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phety te
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Figure 23. KEGG Map colored by gene expression in single sample.
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KEGG Map: Phenylalanine, tyrosine and tryptophan biosynthesis

3 samples selected (5,6,14)

O Genes found in all selected samples
OOO0OE Genes found in some ofthe selected samples [for up to 28%0 =29%0 =50%0 =79%E
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Figure 24. KEGG Map colored by percentage of samples in which a given gene is expressed.

Each region of interest on the kegg map links to a list of genes for the selected samples that fall
in that region (Figure 7).
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Genes with KO: K01695,K01696 found among selected samples

[ Add Selected to Gene Cart ] Select Al Clear Al
| Esport | Pagetofi 1 Al =
Select Gene |l = LocusTag Gene Mame Sample ID Sample Description KO
tryptophan Wt 100 ppm 4-MP; Growth temp (S
- B43590093  Achl_1683 synthase, heta a 28;13.2 ug pratein; Tube &; KO16496
subunit (Replicate 13
tryptophan Wit 100 pom 4-MP; Growth termp (S}
| F43590098  Achl_1683 synthase, heta fi 28 0.7 ug protein; Tube 6; (Replicate k01696
subunit 2
tryptophan Wi 100 pom 4-MP; Growth termp (S}
r E43590098  Achl_1683 synthase, beta 14 A 5.0 ug protein: Tube 15; (Replicate KO1ESA
subunit 2
tryptophan Wit 100 ppm 4-MP; Growth temip (C)
I B43590088  Achl_1684 synthase, alpha A 28:13.2 ug protein; Tube 5; KO1695
subunit (Replicate 13
tryptophan Wt 100 pam 4-MP; Growth termp ()
C E43590088  Achl_1684 synthase, alpha G 28, 0.7 ug protein; Tube 6; (Replicate KO1E94
subunit i)
tryptophan Wit 100 ppm 4-MP: Growth temip (C)
C B43590098  Achl_1684 synthase, alpha 15  5;5.0ug protein; Tube 15; (Replicate KO1695
suhunit 21
Page 1 of 1 1 Al ®
[ Add Selacted to Gene Cart ] Select Al Claar Al

Figure 7. List of genes for selected samples that fall on a given region of interest.



What’s New in IMG 3.2 27

Protein Samples: Compare Samples using COG statistics

For each genome that has associated protein experiment samples, the COG statistics that are
usually displayed per individual genome (see Figure 8), can now be displayed per samples in
that genomes, as illustrated in Figure .

Statistics by COG Categories

Show Cogs in Protein Samples

. . Amino acid - ) RNA
Total TF""O acid transport Carbohydrate :d:'irl)olljﬂllﬂt(-: RNA. processing
D C| Genome Name COG mnspl-on and transport and "1"5_""0':.“'" |1-roceslsmg and
Genes met?ll::ylism metabolism metabolism I:-E'tge:?t;m: mod?tlllcf- ation modification
i percentage ! ag . percentage
Arthrobactar
B | F| chlarophenolicus 24 357 11.43% 384 12.61% 2 0.06%
AB

Figure 8. COG statistics displayed per individual genome.

Statistics by COG Categories

Hide Cogs in Protein Samples

Export | Page 1 aoft : 1 Al =
Sample ID Sample Marne | | H % | H % %

Wit 150 pprm 4-CP: Growth termp (C): 28: 6.6 ug protein; ; :
i Tuhe 1: (Reference 2m 6.16% Carbohydrate transport and metahalism

5 Wt 150 ppm 4-CP; Growth ternp () 28; 6.9 ug protein; 213 BED% 143 4250 5 0B

Tube 2: (Replicate 1%

3 Wyt 1 Sq 4]l f.l-CP' Growth termp (&3 28; 4.9 ug protein; 188 5 TB% 145 447% 1 0.09%
Tube 3; (Replicate 3%

4 Wt 100 pprn 4-KNP: Growth termp (C): 28: 11.9 ug protein; 199 0% 197 4.20% 7 0.06%

Tuhe 4; (Referencel

Figure 27. COG statistics displayed per samples in a genom.
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Protein Sample: Chromosome Viewer

For a protein sample, the user can select Chromosome Viewer, as illustrated in Figure , which
will then display genes colored by their expression level, as illustrated in Figure 29.

Protein Expression Data for Sample
Wt: 100 ppm 4-NP; Growth temp (C): 28; 13.2 ug protein; Tube 5; (Replicate 1)
Chramaosame Yigwer
Impact of Phenolic Substrate and Growth Temperature on the Arthrobacter chlorophenolicus
Add Selections To Gene Cart ] Select All Clear Al
[ Emport | Paged ofi17 - 1/ 2030alalellzlelall10 neds jast== [100 =
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O B43579950  Achl_jggg  Pufalve syl RNA - 101 6 g 0.0005723
synthetase-like protein
r G43578951  Achl_39497 hypothetical protein 118 7 2 0.000108%
Figure 28. Chromosome Viewer link on Protein Sample page.
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Figure 9 Chromosome Viewer colored by gene expression in a given sample
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In the Gene Detail page for a gene, genes associated with protein expression data are
displayed by the Chromosome Viewer underlined by purple lines, as illustrated in Figure 30.
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Figure 30. Chromosome Viewer: genes with protein information underlined in purple.



