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A mai eléadas

> Uj-generaciés szekvenalas
> Az SRA adatbazis

> Rendszerbiologia — az eredmeények
ertelmezese

> Biologiai halozatok
> Kapcsolddo alkalmazasok
> Nyitott kerdeések

Bioinformatika és genomanalizis az orvostudomanyban - 12 2



Semmelweis Eqyetem / Elettani Intézet / Budapest

NGS - uj generacios szekvenalas 2

> Nagy igeny olcso es gyors szekvenalasra
> Ket ut:
> Egyre hosszabb szekvenciakat olvasunk le egyre
gyorsabban
> Vagy:
> Rovid szekvenciakat olvasunk

> Nem nagyon gyosan
> De nagyon sokat egyszerre

> Az NGS a masodik utat valositja meg
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/O = X F
A lehetosegek ’ﬁ‘?}

Tobb gyarto is kinal megoldast
Mindegyik kulcseleme a bioinformatika
Az eljarasok alapegysege a “read”
EzekbOl all 0ssze a szekvencia

vV V VYV V V

A leolvasott szakaszok hossza néhany
tucattol nehany szaz bazisig valtozik

> BEgyszerre tobb szazezer leolvasast vegeznek
a berendezéesek
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A jellemzOk

> A modszerek DNS-t szekvenalnak
> Az RNS-t el0szor at kell irni — RT lepes

> Probléma: az mRNS nagy része a “haztartasi
génekbol” szarmazik

> A geének 5%-a adja az RNS 75%-t

> Hasonlo kérdesekre ad valaszt, mint a gén-
chip technologia

> Pontosabb, de sokkal dragabb
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A modszerek

? <
* 1769 *

454 Sequencing " lNlumina " soLip |
Sequencing Chemistry | Pyrosequencing Folymerase-based sequence-by-synthesis| Ligation-based sequencing
Amplification approach |Emulsion PCR Bridge amplification Emulsion PCR
Paired end separation |3 kb 200 bp 3 kb
Mb per run 100 Mb 300,000 Mb 3.000 Mb

Time per paired end run| 7 hours 7—14 days 5 days

Read length (update) 250 bp (400 bp) 100 bp (50-100 bp) 35 bp (35-50 bp)
Cost per run $ 8,438 3 11,750 USD 517,447 USD
Cost per Mb 9 £1.00 USD %581 USD
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Method

Read length

Accuracy

Reads per run

Time per run

Cost per 1
million bases
(in US%)

Advantages

Disadvantages

Comparison of next-generation sequencing methods ===

Single-

lon
molecule

semiconductor

real-time
sequencing
(Pacific Bio)

(lon Torrent
sequencing)

2900 bp
EVEFEQE'EB'

200 bp

87% (read length
mode), 99%
(accuracy mode)

35-75 thousand

up to 5 million

30 minutes to 2
[40) 2 hours
hours *

Longest read
length. Fast.
Detects 4mC,
EmC, 6mA [

Less expensive

Low yield at high
accuracy.
Equipment can
be very
expensive.

Homopolymer
errors.

equipment. Fast.

Pyrosequencing

(454)

24 hours

Long read size.

Fast.

Runs are
eXpensive.
Homopolymer
errors.

Sequencing by
synthesis
(Numina)

50 to 250 bp

up to 3 billion

1to 10 days,
depending upon
sequencer and
specified read
length!

$0.05 to 50.15

Potential for high
sequence yield,
depending upon
sequencer model
and desired
application.

Equipment can be
VEry eXpensive.

Sequencing by
ligation
(SOLID

sequencing)

termination
(Sanger
sequencing)

Zg+35 or 50+50 400 to 900 bp

1.2 to 1.4 billion

20 minutes to 3

1to 2 weeks
hours

Long individual
reads. Useful for
many
applications.

Low cost per
base.

More expensive
and impractical
for larger
sequencing
projects.

Slower than
other methods.




Semmelweis Eqyetem / Elettani Intézet / Budapest

A bioinformatikai kihivas !@

> Kapunk néhany 10 milli6 fragmenst
eredmenyul

> Talaljuk ki az eredeti szekvenciat
> A fragmenseket “szavakra” tagoljuk

» Az azonos k-mer-eket tartalmazo
fragmenseket egyesitjik

> “De Bruijn graph”

Bioinformatika és genomanalizis az orvostudomanyban - 12 8



Semmelweis Eqyetem / Elettani Intézet / Budapest

Mire kell vigyazni?

> “lefedettseg” — minden szakasz fedjen at
tObbszorosen

Van-e referencia szekvencia?
“repetitiv” szekvenciak
Pontmutaciok

Szekvenalasi hibak

Pontatlan referencia

v VvV VY V V V

Exon/intron szerkezet kovetkezmenyei

5\'\‘,-\8 By D
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NGS eredmenyek kezelese 8 S/8

> Integrative Genomics Viewer
> Ingyenesen elerheto

> Win, Mac és Linux es Web valtozat is van

> Web:

http://software.broadinstitute.org/software/ig
v/home

> Galaxy genome: https://usegalaxy.org/

> Masik megoldas: http://www.omixon.com/

Bioinformatika és genomanalizis az orvostudomanyban - 12 10
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8 MetaXpress® PowerCore™ Err X g Home | Integrative Genomics X +

&« c @ (O *1 broadinstitute.org N 6D B K

Integrative
Genomic:
Viewer

Integrative
E vomoss Genomics
@ IGV User Guide Viewer

Tutorial Videos

= File Formats
Hosted Genomes
FAQ

FIRelease Notes
Credits

@ Contac

. Overview Citing IGV
Search website
The Integrative Genomics Viewer (IGV) is a Ta cite your use of IGV in your publication, please reference
high-performance visualization tool for interactive  one or more of:
Wi

m= exploration of large, integrated genomic . ) )
datasets It supports a wide variety of data James T. Robinson, Helga Thorvaldsdattir, Wendy Winckler,
©2013-2018 types. including amay-based and next-generation sequence r:v:mﬁhe‘! Guttman, Eric 5. LE‘erler\ Gad _G-Etlz JitP
Broad Institute data, and genomic annotations Enomics .\.'\>:"‘.'>: e
6 (20 (Free PMC article |
ant_l lhe. REQEMS_ nfthe IGV is available in multiple forms, including
University of California Helga Thonvaldsdéttir, James T Robinson, Jill P Mesirov.
omics orm

search .
[RNET B

» the original IGV - a Java desktop application

= IGV-Web - a web application

* igv.js - a JavaScript component that can be embedded
in web pages (for developers)

Ahmet Zehir, Jill P. Mesirov.

This site is focused on the |GV desktop application. See
i omics

https rg_for links to all forms of IGV.

Download IGV
Funding
Development of IGV has been supported by funding from

the I a of the

of th, the Informatic

Note that the IGV-Web application at https://igv.org/app runs of the NCI and the
in a web browser and requires no downloads. Click on the ' -

Help link in the app for more information

Download the IGV desktop application and igvtools

|GV participates in the G tiative. which is
funded by the Ma U Ge e Research

Bioinformatika és genomanalizis az orvostudomanyban - 12




‘(\NVANﬁls Dy

Semmelweis Eqyetem / Elettani Intézet / Budapest s =

8 MetaXpress® PowerCore™ Err X g Downloads | Integrative Genor X +
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Home » Downloads
Integrative
Genomics

Did you know that there is also an IGV web application that runs only in a web browser, does not use Java, and requires
downloads? See https:/ligv.org/app. Click on the Help link in the app for more information about using IGV-Web

Install IGV 2.7.x

See the R = es for what's new in each release

MIGV User Guide
Tutorial Videos IGV Mac App

= File Formats
Hosted Genomes
FAQ

#IRelease Notes MacO$5 Catalina users: YWe sign our Mac App as a trusted Apple developer, but it is not yet
Credits notarized by Apple (a new requirement in Catalina) To run it, right-click on the downloaded IGV/|

Contac app: select "Open” from the menu; and click the "Open” button in the window that pops up.
After that, double-clicking on the app will also work

Download and unzip the Mac App Archive, then double-click the IGV application to run it
You can move the app to the Applications folder, or anywhere else

Search website 1GV for Windows

Download and run the installer.
search An |GV shortcut will be created on the Desktop; double-click it to run the application

© 2013-2018
Broad Institute
ant.l‘the_ '—\:999'“5_ of the Download and unzip the Archive

University of Califoria See the downloaded readme txt for further instructions

IGV for Linux

IGV and igvtools to run on the command line (all platforms)

Download and unzip the Archive. Requires Java 11.
See the downloaded readme.fxt and igvicols_readme. txt for further instructions

Other IGV Versions

Development Snapshot Build. Latest development snapshot; built at least nightly

Archived Versions. Old rel going back to IGV 2.0.1

If you are looking for the IGV-Web application, see

If you are a developer looking for information about the embeddable igv.js component, see htty

Bioinformatika és genomanalizis az orvostudomanyban - 12




S

Semmelweis Eqyetem / Elettani Intézet / Budapest

8] Metakpress® PowerCore™ Err X g IGY User Guide | Integrative Ge: X +
n O & «

< C @ [OR*1 broadinstitute.org

Home » IGV User Guide
Integrative
Genomics

Viewe
This guide describes the Integrative Genomics Viewer (IGV)

* To start IGV, go to the IGV downloads page: http

=|IGV User Guide
5 User Interface
Main Window
Menu Bar
Tool Bar
Pop-up Menus
Preferences
Color Legends
Keyboard
Shortcuts
Navigating the View
Loading a Genome
+ External Control of
I
7 Viewing the
Reference Genome
Loading Data and

ng Alignments
J ng Variants
Multi-Locus A
Regions o
Sample A
Sorting, Grouping,
and Filtering
Saving and Restoring
Sessions
5 Server Configuration
+ igvtools
Motif Finder
BLAT search
Tutorial Videos
= File Formats
Hosted Genomes
FAQ
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) MetaXpress® PowerCore™ Erre X EE Main Window | Integrative Ger X
arc N @ @

< C @ U 4 broadinstitute.org

Home » IGV
Integrative
Genomics

§ Viewer
| The following figure shows data from The Cancer Genome Atlas

ann

User Ints e

Main Window

JI O LU T U O T E LT o

s (not shown) provide

Th provides access to commonly used functions. The

e 100
access to all other functions

The red box on the chromosome ideogram indicates which portion of the chromosome is displayed. When zoomed
out to display the full chromosome, the red box disappears from the ideogram

The ruler reflects the visible portion of the chromosome. The tick marks indicate chromosome locations. The span

lists the number of bases currently displayed

Tutorial Videos o
= File Forr IGV display
example shows segmented copy number data

data in horizontal rows called tracks. Typically, each track represents one sample or experiment. This
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Integrative
Genomics
Viewer

V' User Guide
7 User Interface
Mavigating the Vi
Loading a Genome
+ External Control of

Viewing the
Reference Genome
Loading Data and
Attributes
ing Data
Viewing Alignments
Interpreting Color
by Insert Size
Interpreting Color
by Pair Orientation
Interpreting Color
by Bisulfite Mode
Splice Junctions
Sashimi Plot
J ing Variants
Multi-Locus View
Regions of Interest
Sample Attributes
Sorting, Grouping,
and Filtering
Saving and Restoring
Sessions
5 Server Configuration
+ igvtools
Motif Finder
BLAT search
Tutorial Videos
= File Formats
Hosted Genomes
FAQ

Home , IGV User Guide » Viewing Alignments » Interpreting Color by Insert Size

Coloring by insert size is for DNA alignments and is not designed to indicate RNA-Seq paired read mate distances. It is
based on set base pair values or computed from the size distribution of a library against the reference genome as defined in
the ent Preferences Panel

The inferred insert size can be used to detect structural variants, such as

® deletions
® insertions
& inter-chromosomal rearrangements

IGV uses color coding to flag anomalous insert sizes. When you select Color ai

nsert size in the popup menu
the default coloring scheme is

. - for an inferred insert size that is larger than expected (possible evidence of a deletion)
. _ for an inferred insert size that is smaller than expected (possible evidence of an insertion)

[ | [ I N =
« 1 2 3 45 6 7 B 9 1011121314 1516 17 18 13 20 21 22 X Y for paired end reads that are coded
by the chromosome on which their mates can be found

Deletions

In a deletion a section of DNA is absent in the subject genome compared to the reference genome

Reference
genome

Subject
genome

When pairs fram a section of DNA spanning the deletion are aligned to the genome the inferred insert size will be larger than
expected. This is due to the deleted section of the genome, not present in the subject. Schematically this can be visualized
as follows

Reference
genome

T
Inferred insert size

Subject

genome

Expected insert size

Soin the case of a deletion, the inferred insert size is GREATER. THAM the expected insert size. In IGV such an event might
look like the following
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8 Metaipress® PowerCore™ Er

<« ¢ @
Uy mseI S
Interpreting Color
by Pair Orientation
Interpreting Color
by Bisulfite Mode
Splice Junctions
Sashimi Plot
= Viewing Variants
Multi-Locus View
Regions of Interest
Sample Attributes
Sorting, Grouping,
and Filtering
Saving and Restoring
Sessions
7 Server Configuration
F igvtools
Motif Finder
BLAT search
Tutorial Videos
= File Formats
Hosted Genomes
FAQ
HIRelease Notes
Credits

Search website
search

© 2013-2018

Broad Institute

and the Regents of the
University of California

g Interpreting Color by Insert Siz: X +

[ON"1 broadinstitute.org B e e

In a deletion a section of DNA is absent in the subject genome compared to the reference genome

Reference
genome

Subject
genome

When pairs fram a section of DNA spanning the deletion are aligned to the genome the inferred insert size will be larger than
expected. This is due to the deleted section of the genome, not present in the subject. Schematically this can be visualized
as follows

Reference
genome

T
Inferred insert size

Subject
genome

Expected insert size

Soin the case of a deletion, the inferred insert size is GREATER THAM the expected insert size. In IGV such an event might
look like the fallowing

i

Reads that are colored red have larger than expected inferred sizes, and therefore indicate possible deletions

Insertions

In the case of an insertion, a section of DNA is present in the subject genome that is not represented in the reference
genome

Reference
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8 MetaXpress® PowerCore™ Err X g Splice Junctions | Integrative G X +

< c @ O 4

broadinstitute.org

Integrative
Genomics
Viewer

V' User Guide
7 User Interface
Mavigating the Vi
Loading a Genome
+ External Control of

Viewing the
Reference Genome
Loading Data and
Attributes
ing Data
Viewing Alignments
Interpreting Color
by Insert Size
Interpreting Color
by Pair Orientation
Interpreting Color
by Bisulfite Mode
Splice Junctions
Sashimi Plot
J ing Variants
Multi-Locus View
Regions of Interest
Sample Attributes
Sorting, Grouping,
and Filtering
Saving and Restoring
Sessions
5 Server Configuration
+ igvtools
Motif Finder
BLAT search
Tutorial Videos
= File Formats
Hosted Genomes
FAQ

Home , IGV User Guide » Viewing Alignments » Splice Junctions

IGV supplements each alignment track with (1) a coverage track and (2) if selected in the A
default splice junctions track. This page describes the default junctions track as well as independently loaded junctions data
in the standard _bed format. See Sashimi Plot for how to derive and manipulate interactive junction visualizations within IGV.

Before loading data, check Show junction frack in the Alignment Preferences panel. The panel's settings must be adjusted for
your data as default settings are for genomic reads for which splicing is irrelevant

When enabled, IGV dynamically computes the junctions track from alignment data. The junctions track displays arcs
connecting alignment blocks from a single read. For RNA data these connections normally arise from splice junctions, thus
the name Splice Junction Track

Each splice junction is represented by an arc from the beginning to the end of the junction
« When available, IGV uses the "XS" tag provided by the alignment to determine strandedness. If missing. strandeness is
inferred from the read strand. For paired-end data the strand of the alignment marked "first in pair” is used
« Junctions from the + strand are colored red and extend above the center line
 Junctions from the — strand are blue and extend below the center line
s The height of the arc, and its thickness, are proportional to the depth of read coverage up to 50 reads {first image)
o Display a more proportionate representation by selecting Aufoscale from the right-click menu (second image)

Hovering the mouse over or clicking on a junction will display coverage information. The first screenshot shows multiple
coverage detail panels for each three components of two splice junctions on opposite strands

« Read depth for each end of the junction is displayed. For the red junction below, starting flank depth is 109 reads and
ending flank depth is at 6606 reads
s Other details for a given junction's three hover elements are the same
chiv t] [chanvr7a323-780.9% [ I |
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[OR*1 broadinstitute.org

Integrative
Genomics
Viewer

V' User Guide
7 User Interface
Mavigating the Vi
Loading a Genome
+ External Control of

Viewing the
Reference Genome
Loading Data and
Attributes
ing Data
Viewing Alignments
Interpreting Color
by Insert Size
Interpreting Color
by Pair Orientation
Interpreting Color
by Bisulfite Mode
Splice Junctions
Sashimi Plot
J ing Variants
Multi-Locus View
Regions of Interest
Sample Attributes
Sorting, Grouping,
and Filtering
Saving and Restoring
Sessions
5 Server Configuration
+ igvtools
Motif Finder
BLAT search
Tutorial Videos
= File Formats
Hosted Genomes
FAQ

Home » IGV User Guide » Viewing Alignments » Sashimi Plot

Sashimi plots visualize splice junctions for multiple samples fram their alignment data along side genomic coordinates and a
user-specified annotation track. |GV displays the Sashimi plot in a separate window and allows for more manipulations of the
plots than the junctions track

1. To view a Sashimi plot of your alignment data, first zoom out the view to contain the entire region of interest as scrolling
and zooming is limited to this initial region
2. Right click on a junctions track or alignment track to bring up the pop-up menu, and select Sash
3. Select one feature track to serve as the annotation
a. [fthere is only one possible feature track, e g.. the default RefSeq genes track loaded with the reference genome
then it is automatically loaded
b. If you loaded additional feature tracks, |GV presents a dialog for you to select one for the new plot

4_1GV prompts you to select which alignment tracks you would like to view as Sashimi plots. Select any number and press
OK

The Sashimi plot is displayed in a separate window. The coverage for each alignment track is plotted as a bar graph. Arcs
representing splice junctions connect exons. Arcs display the number of reads split across the junction (junction depth)
Genomic coordinates and the gene annotation track are shown below the junction tracks

® Hovering the mouse over each of the exons in the feature annotation track displays additional information in a yellow
tooltip
& Zoom in using the + button at top, and scroll by click-dragging the panel
® To view only those junctions which overlap a particular exon, select that exon by clicking on it
@ Multiple exons can be selected using ctrl + <click> and they will be highlighted as white boxes
> To clear selections, click on a blank area of the annotations section of the panel

Static images of Sashimi plots can also be generated outside |GV with sashimi_plot, a Python tool which is part of the v

package. Read more about sashimi_plot here

e

—__ S —— T Nzrap—ril

S 1 S | —

Popup Menu Options
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broadinstitute.org

Home » Hosted Genomes

Genomics
Viewer

MIGV User Guide
Tutorial Videos

= File Formats
Hosted Genomes
FAQ

FIRelease Notes
Credits

@ Contac

Search website

search

© 2013-2018

Broad Institute

and the Regents of the
University of California

The IGV genome server hosts several genomes. See the section on

Hosted assemblies

As of June 23, 2017. See acknowldegments below

A baumannii str. ATCC
A baumannii str. AYE
A gambia (Pest AgamP3)
4. A nidulans (4.1)
A thaliana (TAIR 10)
A thaliana (TAIR 8)
\. thaliana (TAIR 9)
Aplysia
Autographa californica MNPV
B. pertussis (Tohama | NC_002929.2)
Bacillus Subtilis str. 168
Banana (M. Balbisiana PKWv1)
Banana (Musa acuminata)
C. albicans
alibcans (SC5314 A21)
elegans (W3201)
elegans (WS220)
elegans (ws241)
elegans (W3245)
elegans (ce10)
elegans (ce 1)
elegans (ced)
elegans (ce6)
savignyi (v2.1 reftigs)
C. thermocellum (NC_009012)
Chicken (galGal3)
7. Chicken (galGal4)
Chicken (galGal5)
Chimp (panTro2)
Chimp (panTro3)
Chimp (panTro4)
Cat (felCats)
Cow (bosTau3)
Cow (bosTaud)
5. Cow (bosTauB)
Cow (bosTauT)
7. Cow (bosTauB)
D. discoideum {05-13-2009)
D. melanogaster (5.9)
D. melanogaster (dm2)
D. melanogaster (dm3)
D. melanogaster (dm6)

C
C
c
C
C
c
C
C
c
C

nes for instructions
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Tools

search tools

Get Data

Collection Operations
GENERAL TEXT TOOLS

Text Manipulation

Filter and Sort

Join, Subtract and Group
Datamash

GENOMIC FILE MANIPULATION
FASTA/FASTQ

FASTQ Quality Control
SAM/BAM

BED

VCF/BCF

Nanopore

Convert Formats

Lift-Over

COMMON GENOMICS TOOLS
Operate on Genomic Intervals
Fetch Sequences/Alignments
GENOMICS ANALYSIS
Assembly

Annotation
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usegalaxy.org

Galaxy is an open source, web-based platform for data intensive biomedical

research. If you are new to Galaxy start here or cansult our help resources.

You can install your own Galaxy by following the tutorial and choose from

thousands of tools from the Tool 5

X"

James
P. Taylor
Foundation

Design by Rebekka Paisner

© Want to learn the best practices for the analysis of SARS-CoV-2 data using Galaxy?

James Taylor (1979-2020)
believed that scientific
progress can best be sustained
through the mentoring of
students and junior faculty.

To ensure implementation of this
vision, the Galaxy community has
established a foundation—JXTX: The
James P. Taylor Foundation for Open
Science. The JXTX Foundation's mission
is to (1) assist graduate students to
participate in computational biology
and data science conferences, and (2)
organize and host mentoring sessions
between senior and junior faculty
members at high-profile meetings.

To make this happen we are accepting
contributions. More details can be
found on the @jxtx page in the

Galaxy Hub. Please, help us continue

what James has started.

Donate Now

Wisit the Galaxy SARS-CoV-2 portal at covid19.galaxyproject.org

History
search datasets

Unnamed history

(empty)

O i history is empty. You can load
your own data or get data from
an external source
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Tools

search tools

Get Data

Collection Operations
GENERAL TEXT TOOLS

Text Manipulation

Filter and Sort

Join, Subtract and Group
Datamash

GENOMIC FILE MANIPULATION
FASTA/FASTQ

FASTQ Quality Control
SAM/BAM

BED

VCF/BCF

Nanopore

Convert Formats

Lift-Over

COMMON GENOMICS TOOLS
Operate on Genomic Intervals
Fetch Sequences/Alignments
GENOMICS ANALYSIS
Assembly

Annotation
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usegalaxy.org

O Went to learn the best practices for the analysis of SARS-CoV-2 data using Galaxy?
Wisit the Galaxy SARS-CoV-2 portal at covid19.galaxyproject.org

Wil
'~ PennState W
a JOHNS HOPKINS NG

UNIVERSITY UNIVERSITY

The Galaxy Team is a part of the Center for Comparative Genomics and
Bioinformatics at Penn State, the Department of Biology at Johns Hopkins
University and the Computational Biclogy Program at QOregon Health & Science
University.

& CYVERSE'

TACG

This instance of Galaxy is utilizing infrastructure generously provided by CyVerse at

the Texas Advanced Computing Center, with support from the National Science
Foundation.

The Galaxy Project is supported in part by NSF, NHGRI, The Huck Institutes of the
Life Sciences, The Institute for CyberScience at Penn State, and Johns Hopkins
University.

This is a free, public, internet accessible resource. Data transfer and data storage are not
encrypted. If there are restrictions on the way your research data can be stored and used, please
consult your lecal institutional review beard or the project Pl befere uploading it to any public
site, including this Galax: ver. If you have protected data, large data storage requirements, or
short deadlines you are encouraged to setup your own local Galaxy instance or run Galaxy on the
cloud.

Galaxy version 20,09, commit =f729z283a465F=6212a254a7934e0055708329e8

History
search datasets

Unnamed history

(empty)

O i history is empty. You can load
your own data or get data from
an external source
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° Galaxy Training!

Welcome to Galaxy Training!

Collection of tutorials developed and maintained by the worldwide Galaxy community

Galaxy for Scientists Galaxy Tips & Tricks

Topic Tutorials Topic Tuterials
Introduction to Galaxy Analyses User Interface and Data Manipulation 16

Assembly

Galaxy for Developers and Admins

Climate

Topic Tutorials
Computational chemistry

Galaxy Server administration 35
Ecology

Development in Galaxy 13
Epigenetics

Genome Annotation How to contribute?

Imaging First off, thanks for taking the time to contribute!

Click to run unavailable.
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Get a free Mevo Live Camera ($399 Value) with the purchase of Premium.

Search videos, people, and more

Solutionsv Watchv  Pricing

Login Productv

for transparent, reproducible analyses of viral datasets.

LEEECEN uscoaiaxy (8t usegoiony 18] usegaiaxy ] usegalaxy (o0

ce is to provide publiclv accessible infrastructure and workflows for SARS-CoV-2 data analvses. We currentlv

(i}
AN
[ 154 videos

Galaxy Project

9 PSUH

Galaxy is an open source, web-based
platform for data intensive biomedical
research. Whether on...Read more

Create a free Vimeo Basic account
to view Ga[az};gzgect s contact Confound it! Reproducible biology from "omics" data an...

Galaxy COVID-19: Variation analysis

Activity

Showcases

Followers
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-» Genome Savant

€

omixen.com

At Omixon our mission is empowering clinical labs
with technologies to improve patient outcomes.
OMIXON BLOG

Omixon and TBG form
Partnership for Asia-Pacific

Bioinformatika és genomanalizis az orvostudomanyban - 12




Semmelweis Eqyetem / Elettani Intézet / Budapest

- Genome Savant x

€

omixen.com

Cﬂml‘/é‘ﬂﬁ

0000
2000805680G8008

HOLOTYPE HLA HLA TWIN

Combination Assay and
Software product for HLA
genotyping by NGS for use
on lllumina® sequencers.

Dual-algorithm HLA
genotyping software for
NGS data that delivers the
most accurate HLA
genotyping available.

Omixon - Holistic HLA Genotyping

& HLA Typing | NGS | Next G...

REQUEST HOLOTYPE HLA

MYHOLOTYPE

HLA EXPLORE

Advanced HLA genotyping
software for genetics /
genomics researchers to
interpret any NGS data.
(beta version)

TRAINING

Onsite training, reference
lab training or remote
training options for
Holotype HLA and/or
software.

OMIXON BLOG

Omixon and TBG form

EVENTS

ASH, December 3-6, 2016

Bioinformatika és genomanalizis az orvostudomanyban - 12

<
t 1769 °




KN
.S 3

& ‘Y
S %
< : %
= 2
ol )
77}
= z
=

% | @ Qlucore-TheD.

Semmelweis Eqyetem / Elettani Intézet / Budapest
- X Cytoscape:An...{? ik

WikiPathways - Wik.. % = Reactome Pathway

X

- Genome Savant % A& HLATyping|N.. % & Fileformat guide x KEGG - KegTools

qlucore.com

RNA-SEQ ANALYSIS

As easy as with arrays

~/o lorer is g next- genera

gram that delivers "‘nrvmz.uze
ul S:[A:‘ 1cal

1 to obtain new results faster. TWEETS

Tweets
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Kapcsolodo adatbazis k—;}

“Sequence Read Archive”
NGS kiserletek nyilvanos adatbazisa
Ingyenesen elerheto

Hasonlit a gen-chip adatbazisokhoz
Sokkal nagyobb

Web:
http://www.ncbi.nlm.nih.gov/Traces/sra/

v VvV VYV V V V
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Ilh Sequence Read Archive
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Overview

COVID-19 is an emerging, rapidly evolving situation
Getthe latest public health information from COC: hitps:/iwww.coronavirus. gov .
Get the latest research from NIH: hitps:/hwww nib. govicoronavirus
Find NCBI SARS-CoV-2 literature, sequence, and clinical content: hitps:/www.ncbi.nlm.nih. govisars-cov-2/.

The Sequence Read Archive (SRA) stores raw sequence data from "next-generation”

sequencing technologies including lllumina, 454, lonTorrent, Complete Genomics, PacBio B SRA database growth
and OxfordNanopores. In addition to raw sequence data, SRA now stores alignment 164 %5207

information in the form of read placements on a reference sequence.

SRA is NIH’s primary archive of high-throughput sequencing data and is part of the
international partnership of archives (INSDC) at the NCBI, the European Bioinformatics
Institute and the DNA Database of Japan. Data submitted to any of the three
organizations are shared among them.

Please check SRA Overview for more information.

Submitting to SRA

Making data available to the research community enhances reproducibility and allows for
new discovery by comparing data sets.

» Submission Quick Start

« Frequently Asked Questions and Troubleshooting

» Log in to Submission Portal (for submitting sequence data)

« Log in to SRA (for updating and troubleshooting submissions})

Using SRA Data with SRA Toolkit

Use SRA data to validate experimental results, increase sample sizes, determine variance
and open up new avenues of research 2000 2010

+« SRA Download Guide b

+ SRA Toolkit Usage Guide e ey Faat
« Software Download Save in CSV format
» Get sources code on GitHub (for developers using SRA)

the Help Desk | Privacy Motice | Disclaimer | Accessibility

Center for Biotechnology Information | U.S. National Library of Medicine

Bioinformatika és genomanalizis az orvostudomanyban - 12
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Studies EEWTIEEE Analyses Run Browser Run Selector Provisional SRA
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nih.gov,

@ Search

¥ Galax

COVID-19 is an emerging, rapidly evolving situation
Getthe latest public health information from COC: hitps:/iwww.coronavirus. gov .
Get the latest research from NIH: hitps:/hwww nib. govicoronavirus
Find NCBI SARS-CoV-2 literature, sequence, and clinical content: hitps:/www.ncbi.nlm.nih. govisars-cov-2/.

Search: |

What can be entered in this field?
List of SRA Samples. 8609820 found.

Title
Pathogen: environmental/food/other sample from
Salmonella enterica subsp. enterica serovar
Schwarzengrund

# Accession Organism
1. SRST808787 Salmonella enterica subsp
enterica serovar Schwarzengrund

2. SRS7808784 Salmonella enterica subsp

enterica serovar Schwarzengrund

Pathogen: environmental/food/other sample from
Salmonella enterica subsp. enterica serovar
Schwarzengrund

Salmonella enterica subsp
enterica serovar Enteritidis

Pathogen: environmental/food/other sample from
Salmonella enterica subsp. enterica serovar Enteritidis

Bioinformatika és genomanalizis az orvostudomanyban - 12

Attributes
strain: FS1522029749
collected_by: USDA-FSIS
collection_date: 2020
Isolation_source: raw intact chicken
geo_loc_name: USA:AL
lat_lon: missing
serovar. Salmenella enterica subsp.
enterica serovar Schwarzengrund
sub_species: enterica

strain. F§1§22029750

collected_by: USDA-FSIS
collection_date: 2020
isolation_source: raw intact chicken
geo_loc_name: USA:AL

lat_lon: missing

serovar Salmonella enterica subsp.
enterica serovar Schwarzengrund
sub_species: enterica

strain: F§1§22029751

collected_by: USDA-FSIS
collection_date: 2020

isolation_source: comminuted chicken
geo_loc_name: USAINC

lat_lon: missing

serovar: Salmonella enterica subsp.
enterica serovar Enteritidis

0 Gal
2z v mo@mdPe

25 X

Page /344393 | >

Links
PRJNA242847 [GenomeTrakr Project:

USDA - Food Safety and Inspection
Service]

PRJINAZ242847 [GenomeTrakr Project

USDA - Food Safety and Inspection
Service]

PRJINA242847 [GenomeTrakr Project:

Food Safety and Inspection

==
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NCBI National Center for Biotechnology Information
®
BLAST :: blastn suite

Sign in to NCBI
Home Recent Resul
COVID-19 is an emerging, rapidly evolving situation
Getthe latest public health information from COC: hitps:/iwww.coronavirus. gov .
blastn

Saved Strategies
Enter Query Sequence

Help

Getthe latest research from NIH: hitos:/iwww.nih. gov/coronavirus.
Find NCBI SARS-CoV-2 literature, sequence, and clinical content: hittps /www.ncbi.nlm.nih. gov/sars-cov-2/.

Sequence Read Archive Nucleotide BLAST
Enter accession number(s), gi(s), or FASTA sequence(s) &

BLASTN programs search SRA databases using a nucleotide query.

Query subrange
Or, upload file Browse...
Job Title

- N
| Reset page | | Bookmark )
\ 4\ J
[ ]
Mo file selected )
Enter a descriptive title for
Choose Search Set

SRA Experiment
set [SRX)

our BLAST search

New columns added to the
Description Table
Enter an SRA accession (expe
Program Selection

Click 'Select Columns' or 'Manage Columns'.
Optimize for

ment, study, or submission), itle, the

® Highly similar sequences (megablast)

ientific name or tax id. Only 20 top su

stions will be sho
O More dissimilar sequences (discontiguous megablast)
O Somewhat similar sequences (blastn)
Choose a BLAST algorithm

BLAST
’ N

D Show results in a new window
erithm parameters

Search database SRA using Megablast (Optimize for highly similar sequences)

Note: Parameter values that differ from the default are highlighted in yellow and marked with

sign
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FASTA/FASTQ JRUELEE Analyses Mirroring  References
Getting SRA reads

SRA Toolkit tools directly operate on SRA runs. Toolkit has capacity to find requested runs
at NCBI and download (and cache) only the part you really need. For example quality
scores represent a majority of data volume and you may not need them if you dump fasta
only (versus fastq). Or if you are looking at particular gene you may not need the reads
aligned to other regions or not aligned at all.

If you plan to run data analysis in environment where getting data from NCBI at run time is
unfeasible you can use SRA Toolkit prefetch utility to cache all data in advance Read
more at SRA Knowledge Base on how to download SRA data using command line
utilities.

Please use SRA Run Selector to filter and download list of SRA runs in the scope of
experiment, sample or study.

Y How can | get fastq format? Please use fastg-dump tool from toolkit. You may also
check other tools from SRA Toolkit Documentation

Write to the Help Desk | Privacy Matice | Disclaimer | Accessibility

National Center for Biotechnology Information | U.S. National Library of Medicine

ioinf atika és analizis az orv domanyban -
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- Genome Savant x & HLA Typing | NGS | Next G.. % | & Analyses: Download : Seq...
https:/ftrace.nchi.nlm nih.gov/Traces/sra/sra.cgitview=download_analyses
€ & | htty bi.nlr.nihgow/ T gidvi lownload |
'_.:: NCBI Site map All databases &

Search
ilh Sequence Read Archive

[scaren |
FASTA/FASTQ Reads EUELELD

<
* 1769 *
MiITOI'iI]g References

W SRA Toolkit users: Upgrade now to comply with HTTPS! Read mare.

Download Analyses

Fast Aspera Download

1. Aspera Connect plugin is not installed (or old version installed - before 3.6.6 for
| Collapse tree |

VAS

Name

indows/Mac) or is blocked by browser. Please install or unblock it.
analysis

ByAnalysis
BySample

Total size
ByStudy

Content
106.10 Gb

Last update
2016-11-14
4588 Gb 2016-11-14
10.68 Gb 2016-11-14
40.54 Gb
Write to the Help Desk | Privacy MNotice | Disclaimer | Accessibility

2016-11-14

National Center for Biotechnology Information | U.S. National Library of Medicine
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Ilh Sequence Read Archive

son souse | seen | ooumoa | soomi

pLVGILEL R Toolkit Documentation XML Schema
NCBI SRA Toolkit

Below are the latest releases of various tools and release checksum file.

SRA Toolkit

The SRA Toolkit version 2.10.0 is available in a Linux-only release and is designed to work within cloud compute instances on AWS and GCP. For Windows and OSX today,
please continue to use version 2.9.6-1 below.

Compiled binaries/install scripts of August 19, 2019, version 2.10.0 (Linux only):

* CentOS Linux 64 bit architecture - non-sudo tar archive

o Ubuntu Linux 64 bit architecture - non-sudo tar archive

e Cloud - apt-get install script - for Debian and Ubuntu - requires sudo permissions
* Cloud - yum install script - for for CentOS - requires sudo permissions

+ md5 checksums

Compiled binaries of May 7, 2019, version 2.9.6-1 release:

+ CentOS Linux 64 bit architecture
+ Ubuntu Linux 64 bit architecture

* MacOS 64 bit architecture

* MS Windows 64 bit architecture

Magic-BLAST

Magic-BLAST is a tool for mapping large next-generation RNA or DNA sequencing runs against a whole genome or transcriptome.
« Magic-BLAST executables for LINUX, MacOSX, and Windows as well as the source files are available on the FTP siie
= Read more about Magic BLAST on the FTP site

Third Party Software

Builds of Third Party Software Tools with SRA support ( NGS 2.9.6 release ).

* Genome Analysis Toolkit (GATK) version 3.6-6-ngs.2 .9 2 - including direct support of SRA
* HISAT? version 2.1.0-ngs 2.9 6 - graph-based alignment of next generation sequencing reads to a population of genomes with direct support of SRA, built for Linux 64 bit
architecture

Latest Source Code

» NGS Software Development Kit — August 19, 2019, version 2.10.0 release
« NCBI VDB Software Development Kif — August 19, 2019, version 2.10.0 release
o NCBI SRA Toolkit — August 19, 2019, version 2.10.0 release

Bioinformatika és genomanalizis az orvostudomanyban - 12
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22 The Sequence Read Archive (5 X

¢ o © & htips

i.nlm.nih.gov/sra/docs

SRA |

Advanced

Getting Started Submitting to SRA Search and Download SRA in the Cloud

The Sequence Read Archive (SRA): Getting Started

Introduction

The SRA is NIH's primary archive of high-throughput sequencing data and is part of the International Nuclectide Sequence Database Collaboration (INSDC)
that includes at the NCBI Sequence Read Archive (SRA), the European Bioinformatics Institute (EBI), and the DNA Database of Japan (DDBJ). Data
submitted to any of the three organizations are shared among them.

SRA mission

= Archives raw sequencing data and alignment information fram high-throughput sequencing platfiorms. including Roche 454 GS System®, lllumina
Genome Analyzer®. Applied Biosystems SOLID System®, Helicos Heliscope®, Complete Genomics®. and Pacific Biosciences SMRT®.
= Makes sequence data available to the research community to enhance reproducibility and allow for new discoveries by comparing data sets.

SRA data

SRA accepts data from all kinds of sequencing projects including clinically important studies that involve human subjects or their metagenomes, which

Contact SRA
Contact SRA staff for assistance at sra@ncbi.nlm.nih.gov

In @D B

Submitting to the SRA
= Quick Start

Search and download

= Download Guide

SRA in the Cloud
* SRA in the Cloud

“fou are here: NCBI

FEATURED
Genetic Testing Registry

RESOURCES POPULAR
Chemicalz & Bioassays PubMed
Bookshelf
PubMed Central

GETTING STARTED
NCBI Education

NCBI Help Manual
NCBI Handbook

GenBank
DHA & RNA Reference Sequences
Domains & Structures BLAST

Mucleotide

Training & Tutorials Gene Expression Omnibus

Submit Data Genome Data Viewer

Genes & Expression

Genetics & Medicine Genome Human Genome

Genomes & Maps SNP Mouse Genome
Influenza Virus
Primer-BLAST

Sequence Read Archive

Homology Gene
Literature Protein
Proteins PubChem
Seguence Analysis

Taxonomy

Wariation

Support Center

NCBI INFORMATION
About NCBI

Research at NCBI
MNCBI Mews & Blog
NCBIFTP Site

NCBl on Facebook
NCBI on Twitter

NCBl on vouTube

Privacy Policy

Bioinformatika és genomanalizis az orvostudomanyban - 12
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- Genome Savant x & HLA Typing | NGS | Next G.. * | & File format guide X European Mucleotide Archi.. ®*  +
sifwww.nchinlm.nih.gov/sra/d ubmitformats/
= NCBI Resources ) How To [

SRA
Advanced

Documentation ¥ | Submitting ¥ | Browsing ¥ | SRAToolkit ¥ | SRA-BLAST Use Cases ¥ | Archives ¥

1) SRA Toolkit users: Upgrade now to comply with HTTPS! Read mare.

File Format Guide Documentation

* SRA Overview
* SRA Fact Sheet ( pdf)

* SRA database growth
* File Format Guide

* Search in SRA

« Introduction

* BAM files

e SFF files

* HOFS files

* FASTQ files

* FASTA with QUAL file pairs e

* CSFASTA with QUAL Files Submitting Data to SRA

¢ Legacy Formats General

¢ Machine Specific Information  Quick Start

. Goto * BioProject & BioSample

Introduction ¢ SRA Metadata Overview
This page reviews the submission file formats currently supported by the Sequence Read Archives (SRA) at NCBI, EBI, and DDBJ, and gives guidance to SRA Submission Portal

submitters about current and future file formats and policies regarding SRA submissions.
* Submitting in SRA SP

Some things to keep in mind: ® File pre-upload in SRA SP

s The SRA is a "raw data” archive, and requires per-base guality scores for all submitted data. Therefore, FASTA and other sequence-only formats are SRA User Interface
nat sufficient for submission! FASTA can, hawever, be submitted as a reference sequence(s) for BAM files or as part of a FASTA/QUAL pair (see  Submitting in SRA Ul
below). « SRA file upload options
* Text formats, such as FASTQ, are supported, but are not the preferred file format for SRA submission. L
* SRA prefers files such as BAM, SFF, and HDF5 formats. Submitting for dbGaP & GEC
* Submitting for dbGaP

Goto * Submitting for GEQ
BAM files FAQs

Binary Alighnment/Map files (BAM) are the preferred SRA submission format. BAM is a compressed version of the Sequence Alignment/Map (SAM) format « Updating SRA data
BAM files can be decompressed to a human-readable text format (SAM) using SAM/BAM-specific utilities and can contain unaligned sequences as well. « Troubleshooting

Binary Alignment/Map files (BAM) are the preferred SRA submission farmat. BAM is a compressed version of the Sequence Alignment/Map (SAM) format .
(see SAMVI (_pdf)). BAM files can be decompressed to a human-readable text format (SAM) using SAM/BAM-specific utilities (e.g. samtools E-') and can Browsing
contain unaligned sequences as well. SRA recommends aligning to an unmodified known reference, if possible, to enable subsequent users to view the

- B . ’ ; - Studi
alignments in the Sequence Viewer or to compare the alignments with other alignments on the same reference. ¢ Sluces

* Samples
SRA accepts CRAM files formatted in accordance with the samtools specifications (see see CRAMv3(.pdf)). Processing these files requires conversion to * Analyses
BAM at SRA, so the same reference sequence requirements apply. * Data for a single RUN

. . . - . - W j
SAM is a tab-delimited format including both the raw read data and information about the alignment of that read to a known reference sequence(s). There e

are two main sections in a SAM file. the header and the alignment (sequence read) sections. each of which are described below Note that this

Bioinformatika és genomanalizis az orvostudomanyban - 12
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Fastq formatum

ID sor

Szekvencia

Example of Fastq file containing single reads:

Elvalasztc

Va aSZ O @read_nams
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAG
+

M AQA Do () )5S+ ) (S%%%) . 1wk 4% 1)
MinOseg

Example of Fastq file containing paired reads:

> Hibas leolvasas aresd nomert

7 Ve 77 Ve GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAA
valoszintuisege :

@read_n

vV V V VY

> -log skalat alkalmaz

> Egészre kerekit
> ASCII kodolas

Bioinformatika és genomanalizis az orvostudomanyban - 12 50
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A kovetkezd 1épés

> Az adatokat
> Kimerjuk kiserletekben
> Letoltjik az adatbazisokbol

> Ertelmezziik az adatokat

> Rendszerbiologia — egymasra épiilo
halozatok halozata

Bioinformatika és genomanalizis az orvostudomanyban - 12 51
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Metabolikus halozat

> A sejtet alkoto
vegyiletek:

> FPelvetele a
kornyezetbdl

> Egymasba alakulasa
> A vegtermekek tritese

Bioinformatika és genomanalizis az orvostudomanyban - 12 52
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[elpélya halézat

> Kilso ingerek
hatasara a sejt
valaszol

> Megvaltozik a
metabolizmusa

> A fehérjek aktivitasa
modosul

> Az ingerek ttja adja a
halozatot

Bioinformatika és genomanalizis az orvostudomanyban - 12 53
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Genregulacios halozat k—;}

> A genek aktivitasa
fligg egymastol

LIFE

A GENE REGULATORY NETWORK

> A genek termekei
kozvetve vagy
kozvetlenul hatnak
mas genekre

> A hatast fehérje es
RNS termek is
kozvetitheti

Bioinformatika és genomanalizis az orvostudomanyban - 12 54
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A kiserletek eredménye k—;}

> Az NGS es gen-chip alapjan gen-listakat
kapunk

> Kikapcsolt es bekapcsolt genek

> Az expresszios szint valtozasanak merteke

> A jelpalya halozat es a metabolikus halozat
egylttes hatasa a genszabalyozo hal6zatra

Bioinformatika és genomanalizis az orvostudomanyban - 12 55
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Halozati adatbazisok

> Nyilt adatbazisok:
> KEGG: http://www.genome.jp/kegg/

> WikiPath: http://www.wikipathways.org/
> Reactome: http://www.reactome.org/

> Cytoscape: http://www.cytoscape.org/

Bioinformatika és genomanalizis az orvostudomanyban - 12 56


http://www.genome.jp/kegg/
http://www.wikipathways.org/
http://www.reactome.org/
http://www.cytoscape.org/

Semmelweis Eqyetem / Elettani Intézet / Budapest

- Genome Savant x A HLA Typing |NGS|... % = Fileformat guide x| Q KEGG: Kyote Encycl.. . WikiPathways - WikiPat.. * | Reactome Pathway Data.. * Cytoscape: An Ope...

wunw.genomedjpkegg/

| search | Help

» Japanese

KEGG Home KEGG: Kyoto Encydopedia of Genes and Genomes
Release notes
Current statistics
Plea from KEGG 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
KEGG Database molecularlevel information, especially large-scale molecular datasets generated
KEGG overview by genome sequencing and other high-throughput experimental technologies.
Searching KEGG See Release notes (December 1, z016) for new and updated features.

KEGG mapping New article
Color codes KEGG: new perspectives on genomes, pathways, diseases and drugs

KEGG Objects
Pathway maps & Main entry point to the KEGG web service

Brite hierarchies KEGG2 KEGG Table of Contents [Update notes]

KEGG Software & Data-oriented entry points
KegTools KEGG PATHWAY  KEGG pathway maps “ Subject-oriented
KEGG APT KEGG BRITE BRITE hierarchies and tables entry points
S5t KEGG MODULE  KEGG modules KEGG Cancer
KEGG FTP KEGG ORTHOLOGY KO functional orthologs KEGG Pathogen
Subscription KEGG GENOME  Genomes [Release history] KEGG Virus
KEGG GENES Genes and proteins KEGG Plant .
GenomeNet KEGG COMPOUND Small malecules KEGG Annotation
KEGG GLYCAN Glycans KEGG RModule
KEGG REACTION  Biochemical reactions
Feedback KEGG ENZYME Enzyme nomendlature
KEGG DISEASE Human diseases
Kanehisa Labs KEGG DRUG Drugs

DBGET/LinkDB

KEGG MEDICUS Health information resource [Drug labels search]
Organism-specific entry points
KEGG Organisms  grier org code(s) | o | hsa hsaeco

Analysis tools

KEGG Mapper KEGG PATHWAY/BRITE/MODULE mapping tools
BlastKOALA Genome annotation and KEGG mapping
GhostKOALA Metagenome annotation and KEGG mapping
BLAST/FASTA Sequence similarity search

SIMCOMP Chemical structure similarity search

Copyright 1995-2016 Kanehisa Laboratories

Bioinformatika és genomanalizis az orvostudomanyban - 12
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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
KEGG API
KGML

KEGG FTP
Subscription
GenomeNet
DBGET/LinkDB
Feedback
Copyright request

Kanehisa Labs

X E Hosted Genomes | Ini: X

= Download SRA sequer X

KEGG

kegg.jp/kega/docs/st

- Current Statist X

E|
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WikiPathways - WikiPath. X

o @

KEGG KEGG2 PATHWAY BRITE MEDICUS

Current Statistics

KEGG Database as of 2019/12/3

Systems information
KEGG PATHWAY  Pathway maps, reference (total)
KEGG BRITE Functional hierarchies, reference (total)

KEGG MODULE KEGG modules

Reaction modules
Genomic information
KEGG ORTHOLOGY KEGG Orthology (KO) groups
KEGG GENOME KEGG organisms
(534 eukaryotes, 5416 bacteria, 307
archaea)
KEGG selected viruses
Genes in KEGG organisms and other
categories
(including 4,468 addendum, 369,720 viral)
(see annotation statistics)
Best hit relations within GENES
Bi-directional best hit relations within GENES
Chemical information
KEGG COMPOUND Metabolites and other small molecules
KEGG GLYCAN Glycans
KEGG REACTION  Biochemical reactions
Reaction class
Enzyme nomenclature

KEGG GENES

KEGG S5DB

KEGG ENZYME
Health information
KEGG NETWORK Disease-related network elements
Network variation maps

Human gene variants

Human diseases

Drugs
Drug groups

Crude drugs and health-related substances

KEGG VARIANT
KEGG DISEASE
KEGG DRUG

KEGG ENVIRON

Drug labels
KEGG MEDICUS  Japanese prescription drug labels from JAPIC
Japanese QTC drug labels from JAPIC

FDA prescription drug labels linked to
DailyMed

FDA OTC drug labels linked to DailyMed

KEGG MEDICUS

Search Help

537 (668,549)
202 (233,385)

304
a1

23,147
6,257

340

30,500,596

347,923,363,983
17,002,998,360

18,652
11,041

11,334
3,160

7,672

033
100
395
2,343
11,136
2,248
864

14,289
11,098
29,811
38,130

¥ Home - Reactome P:
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KEGG KEGG2 PATHWAY BRITE MEDICUS

| search | Help

» Japanese

KEGG Home KEGG Overview
Release notes
Current statistics

1. Genomes to Biological System
Plea from KEGG

KEGG Database KEGG is a database resource for understanding high-level functions and utilities of
KEGG overview the b\o_log\cal system, such as the cel!, the organism and the ecosystem, from
Searching KEGG genomic and molecular-level information. It is 2 computer representation of the

biological system, consisting of molecular building blocks of genes and proteins
KEGG mapping (genomic information) and chemical substances (chemical information) that are
Color codes integrated with the knowledge on molecular wiring diagrams of interaction, reaction
. and relation networks (systems information). It also contains disease and drug
KEGG Objects information (health information) as perturbations to the biological system.
Pathway maps

Brite hierarchies

KEGG Software
KegTools
KEGG API
KGML

KEGG FTP
Subscription

GenomeNet
DBGET/LinkDB
Feedback

Kanehisa Labs

The KEGG database has been in development by Kanehisa Laboratories since 1995,
and is now a prominent reference knowledge base for integration and interpretation
of large-scale molecular data sets generated by genome sequencing and other
high-throughput experimental technologies.

2. The KEGG Database

KEGG is an integrated database resource consisting of sixteen databases shown
below. They are broadly categorized into systems information, genomic information,
chemical information and health information, which are distinguished by color coding
of web pages.

Category Database Content
KEGG PATHWAY KEGG pathway maps

Systems

Bioinformatika és genomanalizis az orvostudomanyban - 12
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of large-scale molecular data sets generated by genome sequencing and other
high-throughput experimental technologies.

2. The KEGG Database

KEGG is an integrated database resource consisting of sixteen databases shown
below. They are broadly categorized into systems information, genomic information,
chemical information and health information, which are distinguished by color coding
of web pages.

Content Color
KEGG pathway maps
BRITE hierarchies and tables
KEGG modules

Database
KEGG PATHWAY
KEGG BRITE
KEGG MODULE

KEGG ORTHOLOGY (KO) Functional orthologs

Category

Systems
information

Kfoe

Moo
KEGG organisms (complete genomes)
Genes and proteins tcg
GEMES sequence similarity
Small molecules
Glycans
Biochemical reactions
Reaction class
Enzyme nomenclature
Human diseases
Drugs

Genomic  \EGG GENOME
information

KEGG GENES
KEGG SSDB
KEGG COMPOUND
KEGG GLYCAN
KEGG REACTION
KEGG RCLASS
KEGG ENZYME
KEGG DISEASE
Health KEGG DRUG
information KEGG DGROUP Drug groups

KEGG ENVIRON Health-related substances

Chemical information category is collectively called KEGG LIGAND
Health information category integrated with drug labels is called KEGG MEDICUS

Chemical
information

Kfee

oo

These database contain various data objects for computer representation of the
biological systems. Thus, the database entry of each database is called the KEGG
object, which is identified by the KEGG object identifier consisting of a database-
dependent prefix and a five-digit number (see: KEGG objects).

Release Database
1995 KEGG PATHWAY

KEGG GENES locus_tag / GenelD

KEGG ENZYME EC number

KEGG COMPOUND  C number

KEGG REACTION R number

KEGG GENOME organism code / T number

KEGG ORTHOLOGY K number

KEGG GLYCAN G number

KEGG RPAIR RP number (Discontinued in 2016)

KEGG BRITE br number

KEGG DRUG D number

KEGG MODULE M number

KEGG DISEASE H number

KEGG ENVIRON E number

KEGG RCLASS RC number

Object Identifier
map number

. WikiPathways - WikiPat...

x

Reactome Pathway Data...
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KEGG PATHWAY Database

Wiring diagrams of molecular interactions, reactions and relations

Menu PATHWAY BRITE MODULE KO GENES LIGAND MNETWORK DISEASE DRUG DBGET

Salact prafix Enter keywords
QOrganism | Go Help

[ New pathway maps | Update history ]

Pathway Maps

KEGG PATHWAY is a collection of manually drawn pathway maps representing our knowledge on the
molecular interaction, reaction and relation netwaorks for:

1.
[overview Carbohydrate Energy Lipid Nucleotide Amino acid Other amino Glycan
fvitamin Terpenoid/PK Other secondary metabolite Xenobiotics Chemical structure
. Genetic Information Processing
. Environmental Information Processing
. Cellular Processes
. Organismal Systems
. Human Diseases
. Drug Development

KEGG PATHWAY is the reference database for pathway mapping in KEGG Mapper.
Pathway Identifiers

Each pathway map is identified by the combination of 2-4 letter prefix code and 5 digit number (see
KEGG Identifier). The prefix has the following meaning:
manually drawn reference pathway
reference pathway highlighting KOs
reference metabolic pathway highlighting EC numbers
reference metabolic pathway highlighting reactions
<org> organism-specific pathway generated by converting KOs to gene identifiers
and the numbers starting with the following:
011 global map (lines linked to KOs)
012 overview map (lines linked to KOs)
010 chemical structure map (no KO expansion)
07 drug structure map ({no KO expansion)
other regular map (boxes linked to KOs)
are used for different types of maps.

1. Metabolism

1.0 Global and overview maps
01100 Metabolic pathways
01110 Bi_osvn_thesis of secon_dar‘_« metabaolites

I8) MetaXpress® Power. X | [ Hosted Genomes [Int X | & Download SRAseque: X | [ KEGG PATHWAY Dats' X | WikiPathways - WikiPath. X

o @

¥ Home - Reactome P:
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Biosynthesis of plant hormones

2. Genetic Information Processing

2.1 Transcription
RMA polymerase
Basal transcription factors
Spliceosome
2.2 Translation
Ribosome
Aminoacyl-tRNA biosynthesis
RMNA transport
mRNA surveillance pathway
Ribosome biogenesis in eukaryotes
2.3 Folding, sorting and degradation
Protein export
Protein processing in endoplasmic reticulum
SNARE interactions in vesicular transport
Ubiquitin mediated protealysis
Sulfur relay system
Proteasome
RNA degradation
2.4 Replication and repair
DNA replication
Base excision repair
MNucleotide excision repair
Mismatch repair
Homaologous recombination
Non-homologous end-joining
Fanconi anemia pathway

3. Environmental Information Processing

3.1 Membrane transport
ABC transporters
Phosphotransferase system (PTS)
Bacterial secretion system

3.2 Signal transduction
Two-component system
Ras signaling pathway
Rap1 signaling pathway
MAPK signaling pathway
MAPK signaling pathway - fly
MAPK signaling pathway - plant v
MAPK signaling pathway - yeast
ErbB signaling pathway
Wnt signaling pathw
MNotch signaling pathway
Hedagehog signaling path
Hedgehog signaling pathway
TGF-beta signaling pathway
Hippo signaling pathway
Hippo signaling pathway - fly
Hippo signaling pathway - multiple species
VEGF signaling pathway
1ak-STAT signaling pathway
NF-kappa B signaling pathway
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Transcription factors
Transcription machinery
Spliceosome

Ribosome

Ribosomal proteins
Ribosome biogeneasis
Transfer RNA biogenesis
Translation factors

Chaperones and folding catalysts
SNAREs

Proteasome

DNA replication proteins
Chromosome

DNA repair and recombination
proteins

Transporters
Secretion system

Two-component system

Signaling modules
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K[cc Ras signaling pathway - Homo sapiens (human)

[ Pathway menu | Organism menu | Pathway entry | Download KGML | Hide description | User data mapping ]

The Ras proteins are GTPases that function as molecular switches for signaling pathways regulating cell proliferation,
survival, growth, migration, differentiation or cytoskeletal dynamism. Ras proteins transduce signals from extracellular
growth factors by cycling between inactive GDP-bound and active GTP-bound states. The exchange of GTP for GDP on RAS
is regulated by guanine nucleotide exchange factors (GEFs) and GTPase-activating proteins (GAPs). Activated RAS

(RAS-GTP) regulates multiple cellular functions through effectors including Raf, phosphatidylinositol 3-kinase (PI3K) and Ral
guanine nucleotide-dissociation stimulator (RALGDS).

Homao sapiens (human) - | Go \ 67%

(Effectars)

oDF aleagm (b ]
tinactive) I
B |y

rg:te7m potentiation )

(Effectoss)

- e exprrssion

-» Exdocyioss

~ > Exdocylosis

o Cell spresing
wad nignatin
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K[ec KEGG Atlas

KEGG Mapper KEGG Atlas

About KEGG Atlas

KEGG Atlas is an advanced graphical interface to explore the KEGG global maps {(map numbers
01100s) and overview maps (map numbers 01200s) with capabilities to examine KEGG modules and
reaction modules. The WebGL viewer is available for the cancer pathway maps (map numbers
05200's)

Launch KEGG Atlas
The following KEGG maps are currently available in KEGG Atlas.

Metabolism
01100 Metabolic pathways
01110 Biosynthesis of secondary metabolites
01120 Microbial metabolism in diverse environments
01200 Carbon metabalism
01210 2-Oxocarboxylic acid metabolism
01212 Fatty acid metabolism
01230 Biosynthesis of amino acids
01220 Degradation of aromatic compounds
Cancer
05200's Cancer pathway maps

Release History

KEGG Atlas v1.4 released April 1, 2014
» An updated version of WebGL viewer (formerly called 3D viewer).
KEGG Atlas v1.3 released October 21, 2013

* New types of overview maps are included.
« Human brain map is discontinued.

KEGG Atlas v1.2 released January 1, 2012
* 3D viewer is included.
KEGG Atlas v1.1 released July 1, 2010

« Layer information is added, such as modules in metabaolic pathways.
» Limited to the global maps.

KEGG Atlas v1.0 released April 1, 2009

. WikiPathways - Wiki... |

spring force

Reactome Pathway ... | Cytoscape: An .. | +

B ¥+ @
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K[ec Metabolic pathways - Reference pathway

EGG Pathway Maps
p<| ko | m | hsa | eco |dit
letabolism

01100 Metabolic pathways

041110 Biosynthesis of secondary metabolites

01120 Microbial metabolism in diverse environmer
01130 Biosynthesis of antibiotics

01200 Carbon metabolism

01210 2-Oxocarboxylic acid metabolism

ayer

3 Module
/ uncheck

ergy metabolism
Zarbon fixation
00165 Reductive pentose phosphate cycle (Ca
00166 Reductive pentose phosphate cycle, riby
MOO0167 Reductive pentose phosphate cycle, gly
00168 CAM (Crassulacean acid metabolism), 1
M00165 CAM (Crassulacean acid metabolism), |
M00172 C4-dicarboxylic acid cycle, NADP - mal
WMO0171 C4-dicarboxylic acid cycle, NAD - malic®
MO0170 CA-dicarboxylic acid cycle, phosphoeno
MO0173 Reductive citrate cycle (Amon-Buchana
00579 Phosphate acetyltransferase-acetate kir
ditrogen metabalism
MO0175 Nitrogen fixation, nitrogen => ammonia
fethane metabolism
IMO00567 Methanogenesis, CO2 =» methane
1100174 Methane oxidation, methanotroph, meth
sulfur metabaolism
IM00176 Assimilatory sulfate reduction, sulfate =
MO0596 Dissimilatory sulfate reduction, suffate =
00595 Thiosulfate oxidation by SOX complex, 1

rhohvdrate and linid mefaholism
m

earch Result
istory
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WIKIPATHWAYS

Pathways for the People

search
I 5

navigation
= Home
= Help

pathway
= Create
= Browse
= Download
= Web service AP|
= WikiPathways RDF

overview
= Recent Changes
= Most Viewed
= lost Edited
= New Pathways
= Statistics

community
= About us
= Contact us
= Report a bug
= How fo cite
= Curation events
= CIRM portal
= Disease portal
= ExRNA portal
= Micrenutrient portal
= Nanomaterials portal
= NetPath portal
® Plants portal
= Reactome portal
= WormBase portal
u Development

toolbox
® What links here
u Related changes
= Upload file

< HLATyping |N.. % 2 Fileformat guide KEGG - KegTools % | WikiPathways - Wik... . Reactome Pathway .. % Cytoscape An... % Qlucore- The D, ®

wBe & & O3
2 Log in/ create account

page discussion view source history
We want your feedback! A quick survey to help us focus development and renew funding. https://www.surveymonkey.com/riwikipathways =

Welcome to WikiPathways BETA Today's Featured Pathway

WikiPathways is an open, public platform dedicated to the curation of biological pathways by Mismatch Repair (Drosophila melanogaster)
and for the scientific community. More about WikiPathways...

Finding Pathways

Search Browse

Brawse Pathways

| Search |

You can search by:
= Pathway name (Apoptosis)
= Gene or protein name (p53) Mismatch Repair

= Any page content (cancer) Browse by species and category News

Contributing New Pathways = Check out the new VWikiPathways paper & published January 2016
in NAR.
- Cr?_ate_ = Suggest = Read about the Reactome pathways on this site in this PLOS
i .mfmm‘ Comput Bio & paper published May 2016.
= And this Resource Description Framework APl is described in this
FLOS Comput Bio & paper published June 2016.

Latest discussions

4 December 2016
o New pathway content (1) by Alexander Pico
16 November 2016
«no subjects (34) by Agustin Gonzalez-Vicente
Sample Pathway Pages more
Forum

Create a new pathway Add a pathway to the wish list
page

Sandbox Check out the following pages:

= Show recent changes Google group wikipathways-discuss &

= Show new pathways Activity
* Show most edited pathways = Check our TissueAnalyzer page to study pathway activity in different

Bioinformatika és genomanalizis az orvostudomanyban - 12
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 BETA
WIKIPATHWAYS
Pathways for the Peaple
search

LY

= Help

= About us

= Contact us
= Report a bug
= How o cite

download
= Download files
= Web service API
= WikiPathways RDF
= Embed code

activity

= Browse pathways
= Recent changes
= New pathways

= Edit pathways

= Create pathway

= Statistics

tools
= PathwayVidget
u Pathway Finder

= Software tools

community
= Qualty control
u Development
= WikiPathways Blog
= AOP portal
= CIRM portal
= CPTAC portal
= Renal Genomics
portal
= Disease portal
= ExRNA portal
u Lipids portal
m Wicronutrient portal

X E Hosted Genomes | Ini: X

@ a tips

project page discussion

wikipathways.org/inde

= Download SRA sequer X = KEGG PATHWAY: Met. X

iew source history

WikiPathways:Statistics

This page contains several statistics

Contribution scores
Last 30 Days (Top 10)

Score Pages [ Changes [
121 107 155
15 7 25
15 " 16
10 16
10 13

and graphs to indicate the status and growth of WikiPathways content and usage.

Username [

Fehrhart (Talk | contribs)
Khanspers (Talk | contribs)
Egonw (Talk | contribs)
AgustinGV (Talk | contribs)
Rik-lahaije (Talk | contribs)
Subbannayya (Talk | contribs)
RGrosmanC (Talk | contribs)
DeSl (Talk | contribs)
Mkutmaon (Talk | contribs)
Prslab (Talk | contribs)

Scores are calculated per user based on the quantity and diversity of edits over time. View all Contribution Scores

Summary statistics

Last update: 2019/11/11
Number of pathways: 2812
Number of active users: 71

Number of edits: 46847
= User edits: 34737
= Automated edits: 12110

Content growth

Pathways per species

8

WikiPathways:Statistics -

-@ @

X ¥ Home - Reactome Pai X Cytoscape: An Open © X

In DO B & @

2 Login/ create account

Contents [hide]
1 Contribution scores
2 Summary statistics
3 Content growth
3.1 Pathways per species
3.2 Pathways per collection
4 Users and activity
4.1 Editing users
4.2 Active users per month
4.3 Cumulative number of edits
4.4 Mumber of edits per month
4.5 Most active users
5 More

The following graph shows the number of pathways over time and gives an indication of the growth of the content. Pathways marked for testing/tutorials are excluded from this graph.
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<« ¢ o © & https wikipathways.org/index.php/WikiPathways:Statistics e g 2 Search [ (A~ I O]
 AOP portal = User edits: 34737
= CIRM portal » Automated edits- 12110
= CPTAC porial
= Renal Genomics Content growth
portal
= Dizease portal
u ExRMNA portal
= Lipids portal
= Micrenutrient portal

= Nanomaterials portal
= NetPath portal Show pathway counts for [ All species <]

Pathways per species

The following graph shows the number of pathways over time and gives an indication of the growth of the content. Pathways marked for testing/tutorials are excluded from this graph.

= Plants portal

= Rare Disease portal
= Reactome portal

= WormBase portal

toolbox
= What links here
® Related changes
= Upload file
= Printable version
= Permanent link

1,400
Jan 2014 Jan 2015 Jan 2016 Jan 2017 Jan 2018 Jan 2019

Pathways per collection

The size of different pathways collections over time.

——— Featured
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WikiPathways:Statistics -

Pathways per collection

The size of different pathways collections over time.

——— Featured
version

—— Approved
version

0

Jan 2014 Jan 2015 Jan 2016 Jan 2017

Jan 2018 Jan 2019

Users and activity

Below are several graphs that provide insight in the size and activity of the WikiPathways community.
Editing users

The number of editing users (who have registered and made at least one edit).
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Jan 2019

Jan 2018

0
Jan 2016 Jan 2017

Jan 2014 Jan 2015

Users and activity
Below are several graphs that provide insight in the size and activity of the WikiPathways community.

Editing users
The number of editing users (who have registered and made at least one edit).

—— Editing users

Jan 2018 Jan 2019

Jan 2015 Jan 2016 Jan 2017

Active users per month
The number of users that were active (at least one edit) in a given month.
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Cumulative number of edits
The cumulative number of edits, divided into three categories:

= User edits: edits done by users, excluding edits to pathways marked as test/tutorial.
= Test/tutorial edits: edits to pathways marked as test/tutorial.
= Bot edits: edits done by bots (automated scripts for maintenance and batch upload).

Bot edits

= Test/tutorial
edits

= User edits

Jan 2015 Jan 2016 Jan 2017 Jan 2018 Jan 2019

Number of edits per month
The number of edits performed in a given month, divided into three categories:

= User edits: edits done by users, excluding edits to pathways marked as test/tutorial.
= Test/tutorial edits: edits to pathways marked as test/tutorial.
= Bot edits: edits done by bots (automated scripts for maintenance and batch upload).
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2 Log in/ create account

special

BETA | Species: Homo sapiens
WIKIPATEHWAYS

Pathways for the People

search
I 5

navigation
= Home

= Help Alzheimers Disease

ACE Inhibitor Pathwa, i i Amyotrophic lateral sclerosis (ALS)
LT Y REEEE RIS AMP-activated Protein Kinase meTe FR

= Create (AMPK) Signaling
= Browse
= Download
fVeb service AP
kiPathways RDF

overview
= Recent Changes
= Most Viewed
= |Most Edited v - - Angiopoietin Like Protein 8
= New Pathways s - Requlatory Pathway
m Statistics — - o Apoptosis

Aryl Hydrocarbon Receptor
'V

community Angiogenesis

= About us Apoptosis Modulation and Signaling
= Contact us s

= Report a bug

= How fo cite

= Curation events

= CIRM portal

= Disease portal

= ExRNA portal

= Wicrenutrient portal o 1 < % _— = = } Cardiac Progeniter Differentiation
= Nanomaterials portal - ! T

= NetPath portal

® Plants portal

= Reactome portal

= WormBase portal ATM Signaling Pathway
»

= Development BDNF-TrkB Signaling Biogenic Amine Synthesis

I

Bone Morphoegenic Protein (BMP)
toolbox Signalling and Regulation

u Upload file
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MAPK Signaling Pathway (Homo sapiens)

Kristina Hanspers, Alexander Pico, Bingo, Martijn van lersel, et al.
WIKIPATHWAYS

Pathways for the Pecple
search

s

navigation
= Home
= Help

pathway

= Create

= Web service AP|

ovenview
= Recent Changes
= Most Viewed
= lost Edited
= New Pathways
= Statistics

community
= About us
= Contact us
= Report a bug
= How fo cite
= Curation events
= CIRM portal Log in to edit pathway
= ExRNA portal
= GenMAPP portal
= Micronutrient portal
= NetPath portal
® Plants portal

working? NEWT Edit in PathVisio Download v

Curation Tags

= Reactome portal

= WormBase portal

a Development Curated collection
toolbox Featured pathway
® What links here

= Related changes # This pathway contains unconnected lines
= Upload file o
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2 Log in/ create account

MAPK Signaling Pathway (Homo sapiens)

Kristina Hanspers, Alexander Pico, Bingo, Martijn van lersel, et al.
WIKIPATHWAYS

Pathways for the Pecple

search
s

navigation [ ——— =
* Home - = == = LRRK2-mut o

= Help I ; 3 L e i | GeneFroduct

pathway Sy — e = | = : " Entrez Gene: 120892
= Create 3 e Ensembl: ENSG00000188906
= Browse e 1 [ 2 HGNC: LRRK2
Wish List r ey C I - RefSeq: NM_198578 NP_940980
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The ATP-binding cassette (ABC) superfamily of active transporters involves a large number of functionally diverse transmembrane proteins. They transport a
variety of compounds through membranes against steep concentration gradients at the cost of ATP hydrolysis. These substrates include amino acids, lipids,
inorganic ions, peptides, saccharides, peptides for antigen presentation, metals, drugs. and proteins. The ABC transporters not only move a variety of
substrates into and out of the cell_but are also involved inintracellular compartmental transport. Energy derived from the hydrolysis of ATP is used to transport
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A defined subset of the ABC transporter superfamily, the ABCA transporters, are highly expressed in monocytes and macrophages and are regulated by

cholesterol flux which may indicate their role in in chronic inflammatory diseases (Schmitz and Kaminski 2001, Schmitz et al. 2000). Some D and G members
of the ABC transporter family are also important in lipid transport (Voloshyna & Reiss 2011, Morita & Imanaka 2012, Morita et al. 2011).

Bioinformatika és genomanalizis az orvostudomanyban - 12




Semmelweis Eqyetem / Elettani Intézet / Budapest 3 %

- GenomeSavant % A HLATyping |[N... ® & Fileformat guide KEGG - KegTools ® | MAPK Signaling Pat.. * | PE|ABCAs mediate.. Cytoscape: An... % | © Qlucore- TheD.. %

£ reactome.org ﬁ B ¥+ # O n
-]

ell Cycle

-Cell communication
ellular responses to stress
hromatin organization
ircadian Clock

evelopmental Biology

[\ Replication
acellular matrix organization

ene Expression

etabolism of proteins
fcle contraction

ranal System

nelle biogenesis and maintenance
rogrammed Cell Death

roduction -
ignal Transduction E 1 ‘

‘ransmembrane transport of small molec

ABC-family proteins mediated transport

HCO3- transport through ion channel
1 ABC transporters in lipid homeostasis [+ ABCAs mediate lipid efflux Species: Homo sapiens
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B ABCA12 transports lipids from cytosal to
The exact roles of ABCAZ (Vulevic et al. 2001, Kaminski et al. 2001), ABCAG (Kaminski & Wenzel et al. 2001), ABCAS (Piehler et al. 2002) and ABCA10

P+ ABCAS transports CHOL from lysosoma (Wenzel et al. 2003), candidates for ABC lipid transporter-related activities, need to be elucidated. Even thought cholesterol-responsiveness has been noted in
P ABCAT-ApaA-mediated phospholipid ef = experimental systems, contribution of these proteins in regulation or in active transport is not yet clear.
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Analyse your data
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n example from the right >>

UniProt accession list
Gene name list
Gene NCBI/ Entrez list
Small molecules (ChEBI)
Small molecules (KEGG)
Microarray data

Metabolomics data

Cancer Gene Census (COSMIC)
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18h
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UniProt accession list
Gene name list
Gene NCBI/ Entrez list
Small molecules (ChEBI)
Small molecules (KEGG)
Microarray data
Metabolomics data

Cancer Gene Census (COSMIC)
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Pathway name found Total ratio pValue FDR found total

mRNA Capping 25 29 0.003 1.1E-16 6.66E-16 11
RMNA Pal Il CTD phospharylation and interaction with CE 27 0.003 1.1E-16 6.66E-16 5
RMNA Paol Il CTD phosphorylation and interaction with CE 27 0.003 1.11E-16 6.66E-16 5

iy
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Network Data Integration, Analysis,band Visualization in a Box & . "% o

Introduc{ion

Cytoscape is an open source software platform for visualizing Welcome Letter
complex networks and integrating these with any type of attribute
data. A lot of Apps are available for various kinds of problem domains, Release Notes
including bioinformatics, social network analysis, and semantic web.
Learn more...

Sample Visualizations
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What is Cytoscape?

Cytoscape is an open source software platform for visualizing molecular
interaction networks and biological pathways and integrating these networks
with annotations, gene expression profiles and other state data. Although
Cytoscape was originally designed for biological research, now it is a general
platform for complex network analysis and visualization. Cytoscape core
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Halozatelemzes

> Nyilt alkalmazasok:
» PathVisio: http://www.pathvisio.org/

> SignaLink: http://signalink.org/

> Kereskedelmi:
> NextBio: http://www.nextbio.com/

> IPA: http://www.ingenuity.com/
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PathVisio

Biological pathway creation and curation software

Home Download Documentation Plugins Tutorials FAQ How to cite Contact

PathVisio biological pathway editor

Getting started and tutorial Download Pat i Contact us for help
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File Edit View History Bookmarks Tools Help
GenMAPP - Download Area PathVisio - pathway drawing... | (8 InCroMAP | ﬁ SignaLink 2.0 x |N NextBio I- Home | Ingenuity Systemns

signalink.org B - Metabolic pathway

PR
‘aé‘ X0 X
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. . @® Q0T x0T I 2P (O 2
lqna ln 2_0 A signaling pathway resource with multi-layered regulatory networks
D & 40
Examples: » SMa-3 » Ci » EGFR j_:) 'f}

Species
Caenarhabaitis Drosaphils Homo
elegans melancgaster sapiens

Sqnn,ﬂglz 2.0: An integrated resource to analyze Proteins 1120 1.923 5615
signaling pathway cross-talks, transcription factors, miRNAS 84 30 513
miRNAs and requlatory enzymes Interactions 7.237 10481 275359

Pathways (RTK, Hedgehoq. JAK/STAT, NHR, Notch,

TGF-B. WNT/Wingless)
[more details]

A multi-layered network structure allows the selection of
user-specific details

Manually curated dataset of major signaling pathways » Updated
in 2011

Extends pathways with integrated requlatory resources

Contains pathway-specific transcription factors. miRNA. scaffolds
and post translational modifying enzymes Further interactions
Multi-pathway proteins: proteins can belong to more than one
pathway

Proteins are classified by pathway position {core/non-core) and
section (ligand, receptor, mediator, etc.)

Signaling interactions are directed and labeled with PubMed IDs of Post-transla
experimental evidence

Post-transcriptional regulators
Transcriptional requilators
ed protein-protein inter

Pathway members

Post-translational modificators

» Interactions from: ELM Server
Browse signaling pathways. cross-talks and multi-pathway proteins (Domain-motif interactions)

Select transcriptional, post- transcriptional and post translational » Results: pathway protein modifying
requlators of a signaling pathway enzymes

Download species- and pathway-specific information in several
formats

Design genetic/biochemical experiments to verify predicted
pathway member proteins
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Nyitott kérdések

> Miert van ennyi halozati adatbazis?
> Melyik a jobb?

> Mennyire teljes a kep?

> Hol tart ma a rendszerbiologia?
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Miért van ennyi halozati adatbazis? r- v

Egy szovetben tobb sejttipus van

A genkifejezO0dési mintazat vegyes

A sejttenyeszetek egyseges keépet adnak
Viszont eltérnek a fiziologias allapottol

vV V VYV V V

Sok sejtvonal tumor-eredett — ez sem
fiziologias

> A kiserleteket gyakran genmodositott
sejteken vegzik
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> A kiserleti rendszerek szamos ponton
elternek a “termeszetes” allapottol

> Ezek alapjan eptil az adatbazis

> A modelljeink josagat az adatok josaga szabja
meg

> Tehat a modelljeink valoszintileg rosszak

> Nem tudjuk pontosan milyen mertékben
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A “sotét anyag” esete

» Kiindulunk a fizika A
ismert egyenleteibOl ark
Matter

23%

> Leirjuk a teljes
Univerzumot veliik

> A kapott eredmeényt
osszevetjik a B
megfigyelesekkel

Photons
15%

> Nem azt adja a
modell, amit latunk htoms

13.7 BILLION YEARS AGO
(Universe 380,000 years old)

Bioinformatika és genomanalizis az orvostudomanyban - 12

111



Semmelweis Eqyetem / Elettani Intézet / Budapest

Er\,
A génszabalyozasi halozat esete k—;}

> A feheérjek
szabalyozzak a
geneket

LIFE

A GENE REGULATORY NETWORK

> Ezeket genek
kodoljak

> Es mi szabalyozza a
szabalyozo feherjeket
kodolo geneket?
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A modell L A7)

Prokariotak: Eukariotak:
> A gének operonokba > Szabalyozas
szervezodnek transzkripcios faktorokon
> Egy szabalyoz6 az egész keresztiil
operont iranyitja > Egy gent tobb TF
> Kevés szabalyozo feherje osszehangolt
képes irdnyitani sok gént kolcsonhatasa iranyit
> Ez a modell még akar jo > Kombinatorikai
is lehet génregulacios modell

> Es ez mukodik?
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TATA
TFIB BOX initiator
recognition binds TBP
element

DPE
downsiream core
promoter element

Current Biology
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Nvyelvtani analdgia

Jeloljiik a transzkripcios faktorokat bettukkel
A bettikkombinaciok kodokat adnak
A kodokhoz hozzarendeliink egy-egy esemenyt

vV V V VY

Egy 0j betti megjelenéese a rendszerben sok uj
kod megjelenését eredmenyezi

IIPAPII, IIPEPII, IIPUPII
> IIKAPII, IIKEPII, IIKUPII, + IIPEKII, IIKEKII
> "KAPU”, “KUPA”, “"KUKA”, “KAKUKK” ....

Y
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A kombinatorikai modell kritikaja

> “A géneket kis szamu TF nagy szamu
kombinaciojabol allo komplex iranyitja”
Egyszerre tObb ezer gen aktiv a sejtben

Ez ugyanennyi TF kombinaciot jelent

Miert nincs tobb aktiv kombinacio?

Uj gén bekapcsolasakor megjelenik egy tij TF
kombinacio

> Miert csak egy jelenik meg?
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Akkor hogyan mukodhet? @

> A modell hianyos - tehat rossz
> A feherje/DNS kolcsonhatas nem eleg

> Viszont az RNS kepes genszabalyozasra —
siRNS, miRNS

> A genom nem-kodolo resze is aktiv —
ENCODE project

> Uj modell kell DNS/RNS/fehérje alapon
> John Mattick munkait erdemes figyelni!
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Mit tanultunk ma?

> Rengeteg gen-expresszios adat van

> Az ertelmezestik a biologia egyik
legnehezebb problemaja

> Ez a tertilet nagyon gyorsan fejlodik

> A jelenleg elfogadott modell valoszintleg
TOSSZ
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Jovo hét

> UtolsoO ora
» Indexeket kérek
> Feladatok potlasa
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A SRA adatbazisban talalsz-e a munkadhoz
kozvetlentil kapcsolodo adatsort?
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