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Mapping the paths of life By the numbers

Biochemical Pathways provide an overview of the chemical
reactions of cells in various species and organs. Dr. Michal first
compiled the Pathways Chart in 1965 and has been fine-tuning it
ever since. Today, and with the collaboration of Roche, the two
enormous posters can be found hanging in just about every
research institute from Argentina to New Zealand.

You have to be someone with tenacity
and patience. And love for science

Dr Gerhard Michal
Editor of the Roche Biochemical Pathways
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Part 1: Metabolic Pathways Part 2: Cellular and Molecular Processes
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Part 1
Metabolic Pathways
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BioCyc
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(Stanford Research Institute)
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. .
BioCyc Database Collection
Subscriptions are w required to a s BioCyc. For more information on
obtaining a subscription, click here. Why the transition to subscriptions? You
do not need to purchase a subscription if your institution’s name is displayed
on the top right corner of this page or appears here.

BioCyc is a collection of 10980 Pathway/Genome Databases (PGDBs), plus
software tools for understanding their data.

Getting Started

New to BioCyc? Typical usage is:

* Select one or more databases (genomes) to search. To do so, click
“change organism database" in the box in the top right of every page.
By default, BioCyc searches Escherichia coli K-12 substr. MG1655.

« Search for a gene or pathway using the Quick Search, or see the
Search menu for more options.

NN — XD

New User Guide >>

Tools

BioCyc provides tools for navigating, visualizing, and analyzing the
underlying databases, and for analyzing omics data:

Genome browser

Display of individual metabolic pathways, and of full metabolic maps
Multiple analysis methods for user-supplied omics and multi-omics
datasets including painting onto metabolic maps, regulatory maps,
and genome maps

Store groups of genes and pathways in your account as SmartTables;
share, analyze, transform those groups

Comparative analysis tools

~
~

RouteSearch
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Best Route: Atoms Conserved

RouteSearch: Search for Paths through the Metabolic
Network

Search for lowest-cost paths through the metabolic network of the selected
organism. Or, design lowest-cost pathways to novel compounds by adding
reactions from MetaCyc.

Learn More

BioCyc Databases
The BioCyc databases are divided into three tiers, based on their quality.

Tier 1 databases have received at least one person-year of literature-based
curation, and are the most accurate. EcoCyc and MetaCyc have each
received more than 20 person-years of curation.

Tier 2 and Tier 3 databases contain computationally predicted metabolic
pathways, predictions as te which genes code for missing enzymes in
metabolic pathways, and predicted operons.

Funding Sources

The development of BioCyc is funded by NIH grant GM080746 from the NIH
National Institute of General Medical Sciences.


https://biocyc.org/
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Reactome
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Find Reactions, Proteins and Pathways

f i > 2 m
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ReactomeFIViz

Pathway Browser Analyze Data

Merges pathway identifier mapping, Designed to find pathways and network
over-representation, and expression patterns related to cancer and other

Visualize and interact with Reactome
biological pathways

analysis types of diseases

-events)

K& A, T FIRESR, b
A 71—
F— XK : BioPAX, SBML

USE REACTOME GRAPH DATABASE IN YOUR PROJECT

Q Why Reactome ¥ Tweets

Reactome is a free, open-source, curated and peer reviewed pathway database. acici
r i ioinfor: l:

Our goal is to provide intuitive bioinformatics tools for the visualization, Aol it ok @EMEL R

interpretation and analysis of pathway knowledge to support basic research,

genome analysis, modeling, systems biology and education. The current version

(v63) of Reactome was released on December 18, 2017.
month position

if you use Reactome in Asia, w est using our Chinese mirror site at

=

Documentation

Information to browse the database
and use its principal tools for data
analysis.

LEARN MORE

Are you familiar with biomolecular pathway resources?
The team is hiring a Six-

EMBL Job Opportunities

Latest News

reactome @ me

Excited about our new relea:

4Jan 2018

(V63): 2179 human

& 11426 rxns w/ 10996 nroteins. 1763 small mols & 27694



https://www.reactome.org/
https://reactome.org/documentation/inferred-events

Reactome

Pathway Browser

=1 Autophagy
£ Cell Cycle
<% Cell-Cell communication

% Cellular responses to external stimuli
< Chromatin organization

= Gircadian Clock

i Developmental Biology

= Digestion and absorption

% U ¥ Disease

=i DNA Repair

“%: DNA Replication

=% Extracellular matrix organization

i Gene expression (Transcription)

%, ¥ Hemostasis

<% Immune System

% U Metabolism

“%: Metabolism of proteins

<%, Metabolism of RNA

% Muscle contraction

“E: Neuronal System

= Organelle biogenesis and maintenance
< U programmed Cell Death

. Protein localization

<% Reproduction

< U Signal Transduction

% Transport of small molecules

<% Vesicle-mediated transport

Digestion
and absorption

o Developmental

. Biglogy

Neuronal System

Circadian Clock

Hemostasis

Chromatin
A )F - Metabolism organization
;Immiune System’. of RNA . h g S
2 \ e v DNA Replication ad Gell Cycle,

" DNA Repair,
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and maintenance

Protein
localization
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Displays details when you select an item in the Pathway Browser. For
example, when a reaction is selected, shows details including the
input and output molecules, summary and references containing
supporting evidence. When relevant, shows details of the catalyst,
regulators, preceding and following events.

. gl Vesicle-mediated
20 Metabalism . transport .

Programmed
Cell Death

Cellular responses
to external stimuli

Organelle biogenesis Autophagy

Extracellular
matrix organization

Cell-Cell
communication

glycolysis
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KEGG PATHWAY
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KEGG Home
Release notes
Current statistics
Plea from KEGG

KEGG Database
KEGG overview
Searching KEGG
KEGG mapping
Color codes

KEGG Objects
Pathway maps
Brite hierarchies
KEGG DB links

KEGG Software
KegTools
KEGG API
KGML

KEGG FTP
Subscription
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Menu PATHWAY BRITE MODULE KO GENES LIGAND NETWORK DISEASE DRUG DBGET

» Japanese
Search KEGG

B for

KEGG: Kyoto Encyclopedia of Genes and Genomes

Data-oriented entry points

Go

KEGG is a database resource for understanding high-level functions and utilities of

the biological system, such as the cell, the organism and the ecosystem, from Category Entry Point Content DBGET Search
molecular-level information, especially large-scale molecular datasets generated by KEGG PATHWAY KEGG pathway maps PATHWAY
genome sequencing and other high-throughput experimental technologies. i\gﬁ?:;iion KEGG BRITE BRITE hierarchies and tables BRITE
See Release notes (January 1, 2018) for new and updated features. KEGG MODULE KEGG modules MODULE
Announcement: KEGG NETWORK released KO (KEGG Orthology)  Functional orthologs ORTHOLOGY
_G?nomic_ KEGG GENOME KEGG organisms (complete genomes) GENOME
point to the KEGG web service Information KEGG GENES Genes and proteins GENES
KEGG SSDB GENES sequence similarit
KEGG Table of Contents [Update notes | Release history] q Y
. . KEGG COMPOUND Small molecules COMPOUND
Jata-oriented entry points .C';em'c‘:.' KEGG GLYCAN Glycans GLYCAN
Information - -
KEGG PATHWAY KEGG pathway maps Classification (KEGG LIGAND) Eggg ::lz\ﬂ;IIEON Eeactlons and relaitlon classes EEQ%ISN RCLASS
KEGG BRITE BRITE hierarchies and tables Pathway nzyme nomenciature
KEGG MODULE KEGG modules Brite KEGG NETWORK New! Disease-related network elements NETWORK VARIANT
KEGG ORTHOLOGY KO functional orthologs [Annotation] Brite table Health Esgg g;SUE(?SE gll_’l:';:"a‘::?f_zzsgmups BESUE(?SIIE)GROUP
KEGG GENOME Genomes [Pathogen | Virus | Plant] Egd(l":'fnction) information KEGG ENVIRON Health related substances ENVIRON
KEGG GENES Genes and proteins [SeqgData] Organism KEGG MEDICUS ;%ngﬁag ?arsglsla(l?)e;ﬁﬁlll:l’cll)‘:)
KEGG COMPOUND Small molecules Compound
KEGG GLYCAN G|ycan5 Network WER, i Aavnalanad b Vanahica | ahavabariase Can Vanahica Ak ol F0A TN far iindabac ~F VERM

Micanca (ICMHY
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Subject-oriented entry points

KEGG Cancer Cancer research

KEGG Pathogen Pathogen genomes and antimicrobial resistance
KEGG Virus Virus research

KEGG Plant Plant research

KEGG Annotation KO annotation of genes and proteins

KEGG SeqData KEGG sequence data collection

KEGG RModule Architecture of metabolic networks

Organism-specific entry points

[ KEGG organisms] the list of currently available organisms

Select Organism Go Clear (examples) hsa mmu sce eco bsu syn
Organism group Pangenome Genome
Animals
Eukaryotes Flants

Fungi  |Genus level |Species level
Protists [pangenomes|pangenomes
Bacteria
Archaea

KEGG organisms

Prokaryotes

See KEGG GENOME for more details.


http://www.kegg.jp/kegg/catalog/org_list.html

KEGG Organisms

KEGG TlE 3- 4 XF0MB0EYEI—FZ2FERHLTW5S

Eukaryotes

Category — Organisms Source
hsa IHomo sapiens (human) RefSeq
ptr IPan troglodytes (chimpanzee) RefSeq
pps IPan paniscus (bonobo) RefSeq
ggo ISoriIIa gorilla gorilla (western lowland gorilla) RefSeq
pon IPongo abelii (Sumatran orangutan) RefSeq
nle INomascus leucogenys (northern white-cheeked gibbon) RefSeq
mcc IMacaca mulatta (rhesus monkey) RefSeq
mcf IMacaca fascicularis (crab-eating macaque) RefSeq
csab khlorocebus sabaeus (green monkey) RefSeq
rro IRhinopithecus roxellana (golden snub-nosed monkey) RefSeq
rbb IRhinopithecus bieti (black snub-nosed monkey) RefSeq
cjc kallithrix jacchus (white-tufted-ear marmoset) RefSeq
sbg ISaimiri boliviensis boliviensis (Bolivian squirrel monkey) RefSeq
mmu IMus musculus (mouse) RefSeq
rno IRattus norvegicus (rat) RefSeq
cge I:ricetulus griseus (Chinese hamster) RefSeq
ngi INannospaIax galili (Upper Galilee mountains blind mole rat) RefSeq
hgl IHeterocephaIus glaber (naked mole rat) RefSeq
ccan kastor canadensis (American beaver) RefSeq
ocu ryctolagus cuniculus (rabbit) RefSeq
tup JTupaia chinensis (Chinese tree shrew) RefSeq




KEGG Organisms
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K[“ Homo sapiens (human)

Genome info Pathway map Brite hierarchy Module Blast Taxonomy

Search genes: Go | Clear

Genome information

T number  TO1001

Org code hsa

Aliases HUMAN, 9606

Full name  Homo sapiens (human)
Definition Homeo sapiens (human)
Category Reference genome
Annotation vyes

Taxonomy  TAX: 9606

Lineage Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; Mammalia; Eutheria; Euarchontoglires;
Primates; Haplorrhini; Catarrhini; Hominidae; Homo

Data source RefSeq (Assembly: GCF_000001405.39)
BioProject: 168

Original DB MNCBI, OMIM, HGNC, HPRD, Ensembl, Vega, Pharos

Statistics Mumber of protein genes: 19768
Mumber of RNA genes: 2641

Created 2000
Reference PMID: 11237011

Authors Lander ES, Linten LM, Birren B, Nusbaum C, Zody MC, Baldwin J, Deven K, Dewar K, Doyle M, FitzZHugh W, et
al.

Title Initial sequencing and analysis of the human genome.

Journal  Nature 409:860-921 (2001}
DOI: 10.1038/35057062



Genomes : £(Z NCBI Refseq. GenBank
Species : EZ—2ICx & OH7-T
Genus : Genus LRNIL T & BHT-7
Virus : 7AIWRYT /L
Meta : X X7 / L

RESANES
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KEGG Organisms: Complete Genomes

SRS NIcEY)E

Eukaryotes: 782 Bacteria: 7141 __ Archaea: 39
[ Genomes | Species | Genus | Viruses | Meta ] ]

Eukaryotes
Category Organisms Source
hsa |KGB|Homo sapiens (human) RefSeq
ptr |KGB|Pan troglodytes (chimpanzee) RefSeq
pps |KGB|Pan paniscus (bonobo) RefSeq
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[ KEGG lysine biosynthesis| Search ] Help

#» lapanese
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KEGG Database the biological system, such as the cell, the organism and the ecosystem, from
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Lysine biosynthesis
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Biosynthesis of alkaloids derived from omithine, lysine and nicotinic acid
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MOOO16
Lysine biosynthesis, succinyl-DAP pathway, aspartate == lysine
MOO00O30
Lysine biosynthesis, AAA pathway, 2-oxoglutarate == 2-amincadipate == lysine
MOO031
Lysine biosynthesis, mediated by LysW, 2-aminoadipate == lysine
MO0433
Lysine biosynthesis, 2-oxoglutarate == 2-oxoadipate
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The KEGG PATHWAY database is a collection of manually drawn graphical diagrams, called KEGG
pathway maps, representing molecular pathways for metabolism, genetic information processing,
environmental information processing, cellular processes, organismal systems, human diseases, and
drug development. Each pathway is identified by a five-digit number preceded by one of: map, ko, ec,
rn, and three- or four-letter organism code. The pathway map is drawn and updated with the notation
shown below.

Objects Amows.
gene product, mostly
— Brctein but including RNA o molecular interaction or relation
— link to ancther map
o other molecule, mastly
chemical compound o pointer used in legend

missing interaction (eg.. by mutation)

) e

Protein-protein interactions Gene expression relations

C_ 31 prosproriaton [ros{ ] expressen
C_ ] seprosphorytation [Iwios{__] repression
l:'l“:l ubiquitination |:]_‘—'|:| expression
:li":l glycasylation B **'{ indirect effect
C 1 monyaen
] actvation Enzyme-enzyme relations
(I e I [ o e e
L= ] inovectetiect
I:" - :l state change
:—: binding / association

HH dissociation
T e

The pathway map without coloring is the original version that is manually drawn by in-house software
called KegSketch. The other pathway maps with coloring are all computationally generated as follows.

Reference pathway: this is the original version; white boxes are hyperlinked to KO, ENZYME,
and REACTION entries in metabolic pathways; they are hyperlinked to KO entries in non-
metabolic pathways.

Reference pathway (KO): blue boxes are hyperlinked to KO entries that are selected from the
original version.

Reference pathway (EC): blue boxes are hyperlinked to ENZYME entries that are selected from
the original version.

Reference pathway (Reaction): blue boxes are hyperlinked to REACTION entries that are
selected from the original version.

Organism-specific pathway: green boxes are hyperlinked to GENES entries by converting K
numbers (KO identifiers) to gene identifiers in the reference pathway, indicating the presence of
genes in the genome and also the completeness of the pathway.
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K[cc Lysine biosynthesis, DAP aminotransferase pathway, aspartate => lysine

K00928 H K12524 || K12525 H K12526

Coo049

[ Module menu | Module entry | KO/Compound list | Help ]

I
Change module type
Entry MO0527
Name Lysine biosynthesis, DAP aminotransferase pathway, aspartate => lysine [*ooa1s |
Definition (K00928,K12524,K12525,K12526) K00133 K01714 K00215 K10206 K01778 (KD1586,K12526) I
| Ortholog table | | Taxonomy | | Module table |
Type Pathway module
|

Pathway map00300 map01230 map01100 map01110

[reoie ]
Reaction RO0480 CD0049 -> C03082 @
R02291 CO3082 -> CO0441
R10147 CO0441 -> C20258
RO4198,R04199 C20258 -> C03972
RO7613 C03972 -> CO0666
R02735 CO0666 -> CO0680 @
[rorsss |

[emes s |

RO0451 CO0680 -> CO00D47

KO0928 K12524 K12525 K12526 Co0049
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KO0133 ROO480
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K01714
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1. Metabolism

1.0 Global and overview maps
01100 M} Metabolic pathways
01110 ™ dary metabolites

01120 M  Microbial metabolism in diverse environments
01200 MR Carbon metabolism

01210 MR 2-Oxocarboxylic acid metabolism

01212 MR Fatty acid metabolism

01230 M R Biosynthesis of amino acids

01220 MR Degradation of aromatic compounds

1.1 Carbohydrate metahnllsm
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Disease Mapping

The Search Disease tool in KEGG Mapper is a mapping tool against disease genes accumulated in KEGG DISEASE entries,

together with related KEGG pathway maps. The user may upload a set of human genes or KOs to check if any diseases may be
associated with the dataset.

KEGG Mapper - Search Disease

Pathway/Brite mapping of disease genes and drug targets

Disease genes accumulated in the KEGG DISEASE database and drug targets stored in the KEGG DRUG database are often
represented in the KEGG PATHWAY and BRITE databases as well. The pathway maps and BRITE hierarchy files with mapping of

disease genes and drug targets are identified by the five-letter organism code "hsadd" and the extension code "_dd",
respectively.

For example, hsadd04620 represents disease/drug mapped toll-like receptor signaling pathway with the coloring convention as
follows:

¢ When the gene is associated with a disease, it is marked in pink.
* When the gene (product) is a drug target, it is marked in light blue.
* When the gene is both a disease gene and a drug target, its coloring is split into pink and light blue.

The disease/drug mapped version is precomputed in the daily KEGG database update procedure, and each map or BRITE

hierarchy can be selected from the organisms selection menu. For the disease/drug pathway maps the following list may also be
used.

Disease genes and drug targets in KEGG pathways]
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Data-oriented entry points

BRIt R EE

0157

Category Entry Point Content DBGET Search
Systems KEGG PATHWAY KEGG pathway maps PATHWAY
fnYFormatl'nn KEGG BRITE BRITE hierarchies and tables BRITE

KEGG MODULE KEGG modules MODULE

ﬁy} Functional orthologs ORTHOLOGY

G?noml'f_ KEGG organisms {complete genomes) GENOME
Information KEGG GENES Genes and proteins GENES

KEGG SSDB GENES sequence similarity
Chemical KEGG COMPOUND Small molecules COMPOUND
information KEGG GLYCAN Glycans GLYCAN

(KEGG LIGAND)

KEGG REACTION
KEGG ENZYME

Reactions and reaction classes
Enzyme nomenclature

REACTION RCLASS
ENZYME

Health
information

KEGG NETWORK
KEGG DISEASE
KEGG DRUG
KEGG ENVIRON

KEGG MEDICUS

Disease-related network elements
Human diseases

Drugs and drug groups

Health related substances
Japanese drug labels (JAPIC)

FDA drug labels (DailyMed)

METWORK VARIANT
DISEASE

DRUG DGROUP
ENVIRON

KEGG is developed by Kanehisa Laboratories. See Kanehisa et al. (2021) for updates of KEGG.

KEGG Mapping for Genome Comparison and Combination

An organism group may be defined to compare or combine KEGG organisms, other organisms and
environmental samples, enabling the analysis of combined pathway maps for the group.

Define organism group (enter organism codes or T numbers):

eco ecs Go

{Genome comparison)

hsa eco Homo sapiens (human) vs. Escherichia coli K-12 strain
such as Terpenoid backbone biosynthesis
where green for human, red for E.coli, and split for both

{Host-microbiome relationship)

hsa+T30003 Homo sapiens {human) + gut microbiome
such as Global metabolism map
where green for human, red for gut microbiome, and blue for both
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KEGG Mapper

A suite of KEGG mapping tools

KEGG2 About Reconstruct Search Color Join ConvertID AssignKO T Yy

About KEGG Mapper

KEGG Mapper is a collection of tools for KEGG mapping including popular KEGG pathway mapping, JOIN BRITE operations and
MODULE completeness checks. Historically, "Search Pathway" and "Search&Color Pathway" tools were introduced at the
beginning of the KEGG project. As the KEGG database contents expanded, so did the mapping tools. In the last version released
in July 2019 [1], fourteen existing tools were reorganized into just five tools, allowing multiple mapping operations to be done
at the same time and the result page shown in multiple tabs. This new version 5 of KEGG Mapper [2] has a further simplified
architecture together with the enhancement of the join tool.

See new article: KEGG mapping tools for uncovering hidden features in biological data

KEGG mapping tools

There are four KEGG mapping tools as summarized below.

Reconstruct (used to be called Reconstruct Pathway) is the basic mapping tool used for linking KO annotation (K number
assignment) data to KEGG pathway maps, BRITE hierarchies and tables, and KEGG modules.

Search (used to be called Search Pathway) is the traditional tool for searching mapped objects in the user's dataset and mark
them in red.

Color (used to be called Search&Color Pathwayzls another traditional tool for searching mapped objects in the user's dataset
aasesssiahisnss ek finlanel and foreground colors. This tool now applies only to KEGG pathway maps.

Use the Join tool for coloring of Brite hierarchies.

Join (used to be called Join Brite) is a tool to combine a Brite hierarchy file and a binary relation file, effectively adding a new
column to the hierarchy file. This tool has been significantly expanded in this release.


http://www.kegg.jp/kegg/mapper.html
https://www.kegg.jp/kegg/mapper/color.html

KEGG Mapper

TXFAMZUTHED
\aa N
Example %z %3 L T Exec 7+
& \/ % 7 I) W 7 g— z (\:_ KEGG2 About Reconstruct Search Color Join ConvertID Assign KO Taxonomy
/ AN
t \\/ l\ l/ f / \O X |7 /r 0) I) Color tool
- The Color tool searches various KEGG objects, including genes, KOs, EC numbers, metabolites and drugs, against KEGG
i\ W pathway maps. Found objects may be marked in any combination of background and foreground colors.
Z / I \ / See new article: KEGG mapping tools for uncovering hidden features in biological data
; =0
:l 0) E:| Li t / l\ l_/ 7—\_ i Search mode: © Reference hsa other org Get org code

KEGG Mapper - Color

\Y V4
%&) Enter KEGG identifiers followed by color specification
%
C00079  red Reference @
C00423 red
C00811 red
C00223 red
C06561 red
C00509 red

K00487  yellow
K00660 pink
K01859  cyan

Or upload file: Zr7L%EBR 77 1ILFER

Default bgcolor: pink

Use uncolored diagrams
Include aliases (for hsa and other org modes)

Exec Clear



KEGG Mapper Search Result

Pathway (34)

Sort by the pathway list

Show matched objects

map01110

map01100

Biosynthesis of secondary metabolites

Metabolic pathways (9)

map00941

Flavonoid biosynthesis (6)

map00940
map01061
map00130
map01220
map00996
map00999
map01060
map00360
map00960
map01070

map00945

Phenylpropanoid biosynthesis (5)

Biosynthesis of phenylpropanoids (5)

Ubiquinone and other terpenoid-quinone biosynthe

Degradation of aromatic compounds (4)

Biosynthesis of various alkaloids (3)

Biosynthesis of various plant secondary metaboli

Biosynthesis of plant secondary metabolites (2)

Phenylalanine metabolism (2)

(9)
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KAAS (https://www.gsenome.jp/tools/kaas/)
BlastKOALA, GhostKOALA

KAAS - KEGG Automatic Annotation Server

for ortholog i and

Request
About KAAS Example of Results

KAAS (KEGG Automatic Annotation Server) provides functional annotation of genes by BLAST or GHOST comparisons against KO assignment
the manually curated KEGG GENES database. The result contains KO (KEGG Orthology) assignments and automatically

KO Assignment Results
generated KEGG pathways. @*‘-‘

rone
- KAAS Help (5] (BAITE Mevarchies]  (Patbwey map]  (Fhreshud champe] [ Owsbid]
C or Draft Query gene : KO assignment

sesta70413

KAAS works best when a complete set of genes in a genome is known. Prepare query amino acid sequences and use the BBH
(bi-directional best hit) method to assign orthologs.

- KAAS job request (BBH method)
Partial Genome

KAAS can also be used for a limited number of genes. Prepare query amino acid sequences and use the SBH (single-directional
best hit) method to assign orthologs.

- KAAS job request (SBH method)
- KAAS interactive

Metagenomes
When the guery consisits of large numbers of sequences and / or sequences from mixture of species such as those from r — T
metagenome sequencing project, we recommend the GHOSTX search and SBH method. ,ﬁﬁ:_h —
L)
- KAAS job request (SBH method for amino acid sequence query) P —
L
T 1 .



http://www.genome.jp/tools/kaas/
https://www.genome.jp/tools/kaas/
http://www.kegg.jp/blastkoala/
http://www.kegg.jp/ghostkoala/

e AH R 4R 3R

KAAS (https://www.genome.jp/tools/kaas/)
BEFFBLUMEDETE 1$ BLAST, GhostX, GhostZ R—Xd 3D
GhostX 13 BLAST & W EIE2 24" 100 {E2 L
GhostZ I£ GhostX L ) BBEIZL 2 A 2EE W

BETHARNRIA ey h2FBL CELTFEEEHTE (FAMD AR
BlastKOALA, GhostKOALA
ERH B DE+E L BLAST, GhostX R— X

JTY—Hh BT —ER=—INOFAROFELZDE, T—ERX—XHE[EHEL
TWA A KAAS KB

® <sosERETF
FRILECH

—y NAREw
—p WABENZANEY R



http://www.genome.jp/tools/kaas/
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://www.bi.cs.titech.ac.jp/ghostx/
http://www.bi.cs.titech.ac.jp/ghostz/
http://www.kegg.jp/blastkoala/
http://www.kegg.jp/ghostkoala/

BlastKOALAR {7/ XXz (A~ BT

KEGG Mapper — Assign KO
(https://www.kegg.jp/kegg/mapper/assign_ko.html)

Example: @ sequencetxt # I —&R—X b, H L EX7A—FL
T7 74 I)L%ZER

Family/Genus h&Z v 2o U v
> 7 LA Buchnera oA 0T, KEGG @ Buchnera 7 — X %#1{£ 5
- W=7 « > K¢, Buchnera ## L. Taxonomy&zx=s%27 1) v 7

Erwini - Erwinia amylovora
- i rwinia
KEGG Mapper - Assign KO Erwinia billingiae

Erwinia sp. Ejp617

KEGG2 About Reconstruct Search Color Join ConvertIDl Assign KO [Taxonomy Equnia gerundensis

Assign KO tool Buchnera 32199 Bl.]chnera aphidicola
The Assign KO tool is an interface to the BlastKOALA server in the interactive mode. BlastKOALA assigns KO identifiers | W|gg|esworthla 51 228 ngglesworthla g|055inidia

numbers) to a given set of sequence data for subsequent analysis with the Reconstruct tool. This tool may also be used
converting users' sequence IDs to K numbers for use in the Seach and Color tools.

—

Pantoea ananatis

Pantoea vagans
Upload query amino acid sequences in FASTA format

Enter FASTA sequences Query data: sequence.txt Dantnas en At-Oh
YLINFFYKTLKIKGTPIQIQFKDNENPYVKNKN Select Buchnera (32199)

>Icl|NZ_ACFK01000001.1_prot_ WP_009874555.1_575 [gene=C55_RS0103170]
[protein=/inference=EXISTENCE: similar to AA sequence:SwissProt:P57663.1]
[protein_id=WP_009874555.1] [location=complement(641210..641791)]
MLNISKKNIIFFILFFLIISLILFNWKYFSLVNKENLESLKYEKIIKKINKKKSKNLYEVENFIVQ
NTSI

YGTLTALSLAKKYVECNNLDKALLOLNNSLKYTKEENLKNLLKINIAKIOIOKNENNKAMNIL
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BlastKOALA

Job Request

Request accepted

Your job ID is 196cfba9f578d1b20d2aael54e896c678f5d9866
Started at Tue Nov 3 12:54:38 15T 2020
This page reloads automatically every 5 seconds

Your result will be displayed in the following page

https://www.kegg.jp/kegg-bin/blastkoala_result?
id=196cfha9f578d1b20d2aael154e896c678f5d9866Apasswd=cMFA3ARmMode=mapper

[ BlastKOALA | KEGG | Kanehisa Labs ]
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Reconstruct Pathway "o EBEFHAY Y EY 7 ENz/NX T <
1N RH5ZENTES

- . BlastKOALA
| | Result
Your BlastKOALA job Help

Query dataset: 575 entries

KEGG database searched: 32199.pep

Job submitted: Thu Aug 18 15:55:10 JST 2022
Job completed: Thu Aug 18 15:55:34 1ST 2022

Annotation data View | Download
Summary 547 entries (95.1%) annotated

|| Genetic Information Processing
|| Protein families: genetic information proces:
[7] Amino acid metabolism
[l Energy metabolism
\ [l Carbohydrate metabolism
| [T Cellular Processes
| [ Metabolism of cofactors and vitamins
B Nucleotide metabolism
Unclassified: metabolism
Environmental Information Processing
|| Protein families: signaling and cellular proce

Functional
category

—

See color codes

KEGG Mapper [ Reconstruct Pathway ]

[ Assign KO | KEGG | Kanehisa Labs ]
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KEGG Mapper Reconstruction Result

Pathway (144) Brite (32) Brite Table (5)
Show matched objects

Metabolism

lobal and overview maps
01100 Metabolic pathways (207)
i i etabolites (105)
01120 Microbial metabolism in diverse environments (52)
01200 Carbon metabolism (30)
01210 2-Oxocarboxylic acid metabolism (10)
01212 Fatty acid metabolism (5)
01230 Biosynthesis of amino acids (62)
Carbohydrate metabolism
00010 Glycolysis / Gluconeogenesis (14)
00020 Citrate cycle (TCA cycle) (5)
00030 Pentose phosphate pathway (12)
00040 Pentose and glucuronate interconversions (1)
00051 Fructose and mannose metabolism (5)
00052 Galactose metabolism (1)
00500 Starch and sucrose metabolism (2)
00520 Amino sugar and nuclectide sugar metabolism (8)
00620 Pyruvate metabelism (6)
00630 Glyoxylate and dicarboxylate metabolism (2)
00640 Propancate metabolism (3}
00650 Butanoate metabolism (2)
00660 C5-Branched dibasic acid metabolism (2)
00562 Inositol phosphate metabolism (2)
Energy metabolism
00190 Oxidative phosphorylation (27)
00195 Photosynthesis (8)
00710 Carbon fixation in photosynthetic organisms (7)
00720 Carbon fixation pathways in prokaryotes (4)
00680 Methane metabolism (B)
00920 Sulfur metabolism (9)
Lipid metabolism
00061 Fatty acid biosynthesis (5)
00564 Glycerophospholipid metabolism (1)
01040 Biosynthesis of unsaturated fatty acids (1)
Nucleotide metabolism
00230 Purine metabolism (18)
00240 Pyrimidine metabolism (18)
Amino acid metabolism

Kbc Metabolic pathways - Reference pathway

[ Pathway menu | Pathway entry | Image (png) file | Help ]
M Q Change pathway type

¥ Option <

Scale: ==
Link:  Normal B

30%

¥ Search

Go || Clear
¥ Module
Complete only B

~| Pathway modules
| Carbohydrate metabolism
| Central carbohydrate metab
~1M00002 Glycolysis, core nf
~1 M00307 Pyruvate oxidatio|
~1M00004 Pentose phosphat
~1M00006 Pentose phosphat
~1 M00007 Pentose phosphat
~1 M00005 PRPP biosynthesig
Other carbohydrate metabol
"~ Energy metabolism
"~ Carbon fixation
1 M00579 Phosphate acetyl
Methane metabolism
Nitrogen metabolism
1 Sulfur metabolism
1 M00176 Assimilatory sulfa
" Lipid metabolism
| Fatty acid metabolism
~1 M00083 Fatty acid biosynt
Sterol biosynthesis
Lipid metabolism
"I Nucleotide metabolism
| Purine metabolism
~1M00049 Adenine ribonucle
~ Pyrimidine metabolism
~1 M00051 Uridine monophoy
~I Amino acid metabolism
| Serine and threonine metab,
~1M00018 Threonine biosyn
") Cysteine and methionine me
1 M00021 Cysteine biosynth
Branched-chain amino acid
"I Lysine metabolism
71 M00016 Lysine biosynthes
"~ Arginine and proline metabg
~1M00028 Ornithine biosynt|
"1 M00844 Arginine biosynth|
Polyamine biosynthesis

|
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