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ZENBU Introduction

Welcome to ZENBU ™

ZENBU ( fantom.gsc.riken.jp/zenbu [ ) is a data integration, data processing, and visualization system based
around three main web interfaces : an expression data enhanced genome browser interface, a secured user system
for data upload and secured data sharing, and a data explorer interface to find and manipulate data across the

many supported experimental data types and to find shared user configurations

One of the key differences is that ZENBU allows for novel data exploration through data integration and
"on-demand"' data processing within the system. This means that more raw or unprocessed data can be loaded into
the ZENBU system, and then ZENBU can perform many of the basic data manipulations that previously required
bioinformatics experts with knowledge of the unix command line and a collection of bioinformatics tools. In
ZENBU, the data is not a static picture, but instead it is a living melting pot where scientists and can explore and
discover. Have a look at our case studies to see powerful examples of the ZENBU data processing and visualization
capabilities.

Another key concept in ZENBU is that of data-pooling from multiple data sources into a single merged Track. It is
becoming much easier to do many experiments within a study. The simple process of managing different
experimental combinations into different visualization tracks is becoming unmanagable. Data-pooling allows one to
easily compare experimental expression within a series of related experiments that would previously require
bioinformaticians to externally process each group analysis and upload each as different precalculated visualization
tracks. With ZENBU, the data can be loaded independently and the system can perform the pooling and group
analysis. Because the system performs the pooling/group operations, the data can be interactively explored via
region selection within a pooled track or through filtering of experiments within the pool. These realtime
interactions within a pooled data track are immediately reflected in both the expression profile visualization and in

the "experimental expression bar graph".

ZENBU also provides a platform for scientific data social-networking through a secured user environment for data
upload and controlled data sharing within user managed collaborations. Collaborations and data sharing are
managed in a facebook style of "friend requests" providing users with the flexibility to create and manage their own
collaborations without needing central adminstrators. ZENBU also provides guest access to view published, public
data and without any data upload functions. User profiles are available to anyone and are managed through OpenID

[2] [5]

cooperation with major sites like google [3], yahoo [4], mixi ", genomespace.org 61 and many others.

ZENBU is divided into 3 main interface sections

gLyphs Genome Browser Data Explorer (DEX) User and Collaboration systems
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* glLyphs Genome Browser interface : a highly user configurable and expression data enhanced genome browser
with built in "on demand data processing". It is built on the concept of Tracks which consist of pooled data
source, Data Processing, and visualization. It allows for various on-demand data manipulation and visualization
of both raw mapping data or analyzed annotations uploaded from BAM, BED, GTF, and OSCtable files. It also
provides interfaces for data downloading and interfaces for sharing through a flexible user defined
configurations system for Tracks, Views and Scripts.

* Data Explorer interface to search the data which have been loaded into data sources of the system. This interface
also allows for searching the user configurations of Tracks, Views and data processing scripts and to launch

Views into the genome browser.
* User system for secure and controlled data sharing of user uploaded data with collaborations of other users.

Please have a look at the table of contents to see an overview of this documentation.
The entire wiki is also available in the form of PDF guides.

ZENBU is also available for distribution and local installation
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ZENBU Genome Browser (gLyphs)

ZENBU gLyphs genome browser

The ZENBU genome browser [gLyphs] is designed to provide an advanced tool for not only visualizing genomics
data, but also for interactively processing the data. While most genome browsers provide static visualization images,
data in the ZENBU system is dynamically manipulatable by the users of the system.
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Views are collections of tracks

The ZENBU genome browser is launched with a previously saved view configuration. A view is simply a collection
of tracks with a title and description. This can be considered like an interactive figure of a paper. Any user who is
loggged into the system can save and share views with other users. This is done through the save view ' 32V&view

button at the top of the genome browser.

Users can manipulate the order of tracks in their views through "click and drag" of the side-bar or title-bar.

Each view receives a unique URL for sharing with your collaborators via email or for bookmarking. For example this
URL links to the ZENBU genome browser view shown above

http:/ / fantom. gsc. riken. jp/ zenbu/ gLyphs/ #config=l_D-jGt1IlehEahizVAMeB;loc=hg19::chr8:128746973. .
128755020
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ZENBU glLyphs genome browser

The system will also automatically save temporary views as the user makes changes. This autosave enables the use
of the web browser "back arrow" to undo changes. Although these temporary views are in the system with unique
URLSs, they are not permanent and will be deleted after a period of time. To ensure your view is permanent and can

be re-accessed in the future, users should login and explicitly save the view.

Multiple views on the same data

Unlike other genome browsers, ZENBU does not need to link the track visualization to specific upload file formats.
This means with ZENBU, the user can upload their data once and then manipulate it in ZENBU to create many
views with the same data. Where other genome browsers like UCSC or IGV require many different visualization
file formats to support each different visualization track style, ZENBU can focus on a few common data
interchange file formats (BAM, BED, GTF/GFF, OSCTable). This makes ZENBU more like a bioinformatics
processing tool rather than just a visualization tool (genome browser).

Because the data is loaded once and visualization/processing is performed by ZENBU, the data content of all tracks
is guaranteed to be synchronized and one can see exactly how each track was made by looking at the ZENBU data

processing scripting in each track. This makes the tracks of ZENBU "data transparent"

In this example 47 RNAseq experiments were loaded once from 47 BAM files and then dynamically pooled and
processed by ZENBU to create 7 different visualization tracks: 1) RNAseq expression collated into Gencode genes,
2) RNAseq exonic-only expression signal strength 3) alignments processed into "observed intron" evidence 4) intron
evidence processed into splice acceptor sites 5) intron evidence processed into splice donor sites 6) RNAseq exonic
signal as a single spectrum 7) RNAseq exonic signal as experiment-heatmap showing both genome position and
experimental differential expression.
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For many more examples of how ZENBU can process and visualize the same uploaded data into many different

visualizations, please check out both the data processing sections and the experimental case studies sections of the

documentation.
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ZENBU glLyphs genome browser

Tracks for data visualization and processing

The main aspect of the ZENBU genome browser is the concept of a track. The tracks in ZENBU are completely user
definable and encapsulate the concepts of

1. dynamic data source pooling to create a track virtual DataSource by choosing a collection (one or more) of
primary data sources
2. data processing

3. data visualization

Data pooling

The ZENBU system allows for the dynamic creation of merged data sets referred to as data stream pools. This
provides for a great deal of flexibility when configuring tracks. It no longer is necessary to pre-merge your datasets
prior to upload. Data can be loaded in an atomic, singular manner and then ZENBU can perform the

mix-and-matching of data sources when users configure their tracks.

A Data Stream Pool can also be though of as the virtual DataSource for a ZENBU track configuration

Dynamic track based data processing

One of unique features of the ZENBU system is the ability to apply data processing and analysis on-demand at query
time and as part of the visualization process. This means that raw or unprocessed data can be loaded into the ZENBU
system which translates it into the internal Data Model, and then ZENBU can perform many of the data
manipulations and analysis that previously required bioinformatics experts with knowledge of the unix command
line and a collection of bioinformatics tools.

The data processing system is applied on a track level at query time. This means that no intermediary result needs to
be stored in a database or on disk. This allows the user to modify processing parameters and immediately see the
effect of the change in the visualization. It also makes the system very fast since data is processed in memory and

there is no overhead of reading and writing to slow disks.

Because data processing is applied on each track, and tracks are loaded independently, there is a level of parallelism
inherent in the design of the system. The processed data result generated by ZENBU on-demand can also be

downloaded into data files for further analysis by external systems like R, BioConductor, or BioPython.

Data processing is controlled through a Scripting system based on chaining Processing modules together in a manner

similar to digital signal processing [1]

Visualization
The Tracks in the ZENBU gLyphs genome browser fall into three main categories of visualization styles

* Annotation tracks: where the data sources only contain genomic information and no expression
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» Expression tracks: where expression level is displayed without feature boundaries in a style similar to the UCSC

genome browser 'wiggle' but in an user interactive tool.
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ZENBU glLyphs genome browser

* Hybrid tracks: ZENBU enhanced visualization which allow for processed data to contain both genomic features

and multi-experiment expression data

O Gencode gene V10 - ENCODE Iong RNAseq whole cell collated expression :: tagcount_rpkm LIRSES -]
ENSTOOOD0RL2E14. 20
[N O —-— ENSTO000D37580. 10——-——q1
ENSTOO0D03SE001. 1 I = ENSTO0000544890. 1 ———————— ——1
ENSTOO0D0248551.3) —
NSTOO0D04 24588 2 0o e )
ENSTOO000262629. 20— ]
'O ENCODE long RMAseq whole call - intron support :: tagsount F k@
—
'O ENCODE long RNAseq whole call - spectrum :: tagcount F k@
w1 '
'O ENCODE long RMAseq whole cell - heatmap :: tagoount +

For details on all the different visualization styles and configuration options, please refer to the Track Visualization

Styles section of the documentation.

Downloading processed track data

Since tracks contain dynamic pooling of data and data processing, the data output of a ZENBU track may be useful
for bioinformaticians to utilize as part of external data analysis. To enable this each track has the ability to export its

processed data into local files via the download data control 5%

For details please refer to the Data Download section of the documentation.

Experiment expression data graph

The "Experiment expression data graph" is a track-linked display form ZENBU expression and hybrid tracks which
shows the differential expression between experiments. It works in coordination with the "selected track". Clicking
on the title bar or inside a track will select it. ZENBU tracks can be thought of as three-dimension data with
experiments, genomic-coordinates and expression values. The track compresses the experiment dimension and the

Experiment-expression-graph compresses the spatial dimension.

Visible region collation

By default the experiment-graph selects the entire visible region for compressing spatial information to calculate the
expression value for each experiment. The calculation across spatial region is by default a summation, but can be

min or max depending on how the track was configured.
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ZENBU glLyphs genome browser
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Selected region collation
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It is also possible for the user to select specific regions within the track and only show the experiment expression
under the selection. Selecting a region in a track is performed with simple click-and-drag like selecting text. This

interaction with the view and data can be very useful for focusing on specific regions of interest. The

experiment-graph updates as the user selects so there is instant feedback for the user.
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Hybrid feature selection

For hybrid tracks with genomics-features which have collated expression, selection of an individual feature show the

experiment-expression of only that feature.
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O Gencode gene V10 - ENCODE long RNAseq whole cell collated expression :: fagcount_rpkm
S— i

EMSTO0000454617.

TOOG00S2401 3. 1 I —

ENS
ENSEUUUUU&??Q?U 2) ENST00000454617.3 gene : UCSC_gencodeV10_hglS 20120101 [ <]

NS TOO000520751. | —— J
ENSTOOD00S17287.1 —1
ENSTOOD00258523 BT

ENST00000454617.3 [30 exps]

experiment name
OwgEncodeCshlLongRnaSegAS42CelPapAinRep].bam [tageount_rpkm]
OwgEncodeCshlLongRr gAS48CelPapAinRep2.bam [tagcount_rpkm]
OwgEncodeCshlLongRnaSegAgle450CelPapAinRep!.bam [tagcount_rpkm]
©OwgEncodeCshiLongRr qAg ellPapAlnRep2.bam [tagcount_rpkm]
OwgEncodeCshlLongRnaSeqBjCellPapAinRep1.bam [tagcount_rpkm]
OwgEncodeCshlLongRr JiCelPapAinRep2.tam [tagoount_rpkm]
OwgEncodeCshlLongRnaSeqGm12878CelPapAinRep.bam [tagcount_rpkm]
OwgEncodeCshlLongRnaSeqGm1287BCelPapAinRep2.bam [tagoount_rpkm]
OwgEncodeCshlLongRnaSegH1hescCelPapAlnRep!.bam [tagcount_rpkm]
OwgEncodeCshlLongRnaSegH1hescCelPapAlnRep2.bam [tagoount_rpkm]
OwgEncodeCshlLongRnaSeqHelas3CellPapAinRep1.bam [tagcount_rpkm]
OwgEncodeCshlLongRnaSegHelas 3CellPapAinRep2.bam [tagoount_rpkm]
OwgEncodeCshlLongRnaSeqHepg2CelPapAlinRep!.bam [tagcount_rpkm]
OwgEncodeCshlLongRnaSeqHepg2CelPapAlinRep2.bam [tagcount_rpkm]
OwgEncodeCshlLongRnaSegHmecCellPapAlnRep!.bam [tagcount_rpkm]
OwgEncodeCshlLongRnaSegHsmmCelPapAlnRep!.bam [tagcount_rpkm]
OwgEncodeCshiLongRnaSegHsmmCelPapAlnRep2. bam [tagcount_rpkm]
OwgEncodeCshlLongRnaSegHuvecCelPapAlinRep!.bam [tagcount_rpkm]
OwgEncodeCshlLongRnaSegHuvecCelPapAlinRep2.bam [tagoount_rpkm]
OwgEncodeCshlLongRnaSeqK582CelPapAinRep1.bam [tageount_rpkm]
OwgEncodeCshlLongRnaSeqK562CelPapAinRep2.bam [tageount_rpkm]
OwgEncodeCshlLongRnaSegMefTCelPapAinRep1.bam [tagcount_rpkm]
OwgEncodeCshlLongRnaSegMefTCelPapAinRep2.bam [tagcount_rpkm]
OwgEncodeCshiLongRnaSegMhekCellPapAlinRep1.bam [tagocount_rpkm]
OwgEncodeCshlLongRnaSegNhekCellPapAlnRep2.bam [tagoount_rpkm]
OwgEncodeCshlLongRnaSegNhekCellPapAlnRepS.bam [tagoount_rpkm]
OwgEncodeCshlLongRnaSegNhifCellPapAlnRep1.bam [tagcount_rpkm]
OwgEncodeCshlLongRnaSegNhifCellPapAlnRep2.bam [tageount_rpkm]
OwgEncodeCshlLongRnaSeqSknshraCellPapAinRep1.bam [tagoount_rpkm]
OwgEncodeCshlLongRnaSeqSknshraCellPapAinRep2.bam [tagcount_rpkm]

Panel controls
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The Experiment-expression graph can moved to a different location in the screen by click-and-dragging on its
title-bar. To reset it back to its dock at the bottom of the view, click the "reattach view" widget Ej)_@ & .

The data currently displayed in panel can be exported into a tab-table with the "export data" widget A#) & . This
will pop up a panel with the data which the user can copy-and-paste into excel or another application.

The Experiment-expression graph panel has several configuration options which can be accessed by clicking the

"configure" widget | -~ 2®

The panel allows for altering the

sort-order of the experiments in the EKP-EI"I-H‘EHt sort order

o

view. (*) name () expression {+ strand)
* name : sort based on experiment C] series/time i

name. Can also activated by click in paint D expression (- strand)

the title "experiment name" in the ;

- expression (both
view () series set Oexp (
: strands)

* expression + strand : sort based on

+strand expression from most Ehide deactivated experiments

expressed to least expressed. Also :: reconfigure with active experiments ::

activated by clicking title "forward

strand ->" in the panel Experiment filter: (" search )

e expression - strand : sort based on

r . L - -
(_apply filter ) ( clear filter )

+strand expression. Also activated by
click title "<- reverse stand" in the

panel.

» expression both strands : sort based on combined expression on both strands. Also activated by click title "< >"

in the panel.

» series/time point : if the experiment is loaded with metadata of tag "eedb:series_name" and "eedb:series_point"

this will sort first by time_point and then by series_name within that time point. This can be very useful for

time-course datasets like was collected in FANTOM4.

 series set : if the experiment is loaded with metadata of tag "eedb:series_name" this will sort first by series_name

grouping related series together. If "eedb:series_point" is present it will then do a secondary sort on time-point.



http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Experiment-graph_widget-reattach.png
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Experiment-graph_widget-exportdata.png
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Experiment-graph_widget-config.png
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File%3AExperiment-graph_configpanel.png
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This config panel also allows for activating/deactivating individual experiments. This cause the linked expression
track to recalculate its experiment summed expression value. For expression signal tracks, the shape of signal will
change. This can be considered "soft filtering" of the data-source pool of the track. This accomplished by clicking

the activate/deactivate widget next to the experiment name.
OwgEncodeCshiLongRra3egHepg2CellPapAlnRep1.bam [tagoount_rpkm]
—wgEncodeCshiLongRnaSegHepg2CelPapAinRepZ bam [tagcount_rpkml | If the panel option "hide deactived experiments” is

selected, then the deactivated experiments are not displayed in the Experiment-graph panel.

Sometimes it is useful to create a deep data-pooled track and then interactively filter it for experiments based on the
experiments metadata after loading. This can be useful when doing exploratory work on new datasets. The
Experiment filter search allows for searching experiments and deactivating any experiment which does not match
the search.

* search : perform the metadata search to preview which experiments will remain.
« apply filter : applies the metadata search logic to select active experiments. all experiments not matching the
search will be deactivated.

* clear filter : removes the filter and activates all experiments.

Selecting regions in tracks

All tracks in the genome browser allow for selecting regions. For expression and hybrid tracks this has immediate

effects on the Experiment-graph.

In this example we have zoomed out to a Imegabase region of genome and found some highly expressed "introns"

SO we selected the region around them
'O ENCODE long RMAseq whale cell - infron support - tageount @, 50 FoEkR
-

This selection also enables several options via widgets at the top of the selection.

. @‘““' : magnify zooms region into selected region

. : genome sequence returns the genome sequence under the selection. This is only available for genomes
which have had their sequence loaded into ZENBU. This will pop-up a panel with the sequence and the user and
select and copy-paste the sequence into another a program.



http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Experiment-graph_activate.png
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Experiment-graph_activate.png
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Track_selection.png
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Track_selection.png
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Track_selection-widgets-magnify.png
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Track_selection-widgets-sequence.png
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Adding tracks to the view

Creating new tracks

New tracks can be added to views through the configure new track control

this "configure new track" interface

configure new track: glyphTrack111

which brings up

Data sources (¥ restrict search to current species/assembly

data source type: | all data sources 4 pleemivepriect i al

Search data sources: wold raseq !splice
47 data sources selected Select all

search clear )(_refresh

source

source name description [
i type 0
Iymphoblastoid, International HapMap Project - CEPH/Utah - European C ion, Eostein-Barr Virus. ing analysis
g AnaSeqGm12878R 1 x75dAlignsRep V2 bam of RNA ion. Waold - California Institute of Technalogy. Whole cell. TopHat v1.0.14. Single 75 nt directed reads. Experiment
Poly(&)+ RNA longer than 200 nt. Shows individual reads mapped to the genome and indicates where bases may mismatch
Iympheblastoid, International HapMap Project - CEPH/Utah - European Caucasion, Epstein-Barr Yirus. Sequencing analysis
g waEncodeCaltechRnaSeqGm12878R 1x75dAlignsRep2V2 bam of RNA expression. Wold - California Institute of Technology. Whole cell. TopHat vi.0.14. Single 75 nt directed reads. Experiment
Poly{A)}+ RNA longer than 200 nt. Shows individual reads mapped to the genome and indicates where bases may mismatch
Iympheblastoid, International HapMap Project - CEPH/Utah - European Caucasion, Epstein-Barr Virus. Sequencing analysis
= EnoodeCallachRnaSaaGmia78R2x751200AkmnaRant V5 ba of RNA expression. insert length of 200nt. Wold - California Institute of Technology. Whole call. TopHat v1.0.14. Paired 75 nt Ex :
X waEncodeslechinatealm ISR SR o A ONSREnt VAN aads. Poly{A)+ RNA longer than 200 nt. Shows individual reads mapped to the genome and indicates whare bases may sl
migmatch.
Iymphoblastoid. International HapMap Project - CEPH/Utah - European Caucasion. Epstein-Barr Virus. Sequencing analysis
= E jeOaltechRnaSeqGmi 2E7ER2XTSIZI0AL Reo2V2 ba of RNA expression. insert length of 200nt. Weold - California Institute of Technology. Whole cell. TopHat v1.0.14. Paired 75 nt Ex "
¥ waEncodeCaltechAneSealm 1287BR275I200AIgneReodVabam . oo\ iaj- RNA langer than 200 nt. Shows individual reads mapped to the genome and indicates whare bases may ER
mismatch. "
lymphoblastoid, Intarnational HapMap Project - CEPH/Utah - European ion, Epstein-Barr Virus. ing analysis v
fasture mode: [ skip_metadata % | expression datatype: [ tageount % |
Stream Py ing script
select processing mode: | predefined script =
name: Strandless Experiment heatmap.10 edit script
description: This script performs the gridded genomic histogram binning for strandless expression data with subfeature structure for use with the experiment- ("ol )

heatmap visualization option. Primarily used with RNAseq, longRNA, shortRNA data.

seript uuid:

Visualization

title: ENCODE caltech Wold-lab RMNAseq - heatmap

+ |V color expression [ hide empty experiments

e
color options [ fire3 [

background color: | black

s A 3
cancel accept config

For details on Creating new tracks, please see the Configuring Tracks section of the documentation



http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Create-new-track.jpg
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Adding Predefined Tracks Into the View

Previous saved and shared tracks can be added into a view of the genome browser through the add predefined

tracks control . Tracks are one of the types of configurations which can be saved and shared
among users. This interface allows these previously saved and shared tracks to be added into ones view. Clicking the

"add predefined tracks" button brings uo this control panel

Add predefined tracks to view (]
Search tracks: encode collaborative project: | all

add track name description create date

| ENCODE caltech Woald-lab RNAseg - the ENCODE Wold-lab RNAseq dalasel visualkzed in expression healmap siyle. all 04 RMAseq jessica severin-mixi

— heatmap axparimants Mon Apr23 18:37:03 2012

(7] ENCODE caltoch Wold-lab RNAseq - : ; : Jossica sovorin-max

) heat madification for zdx lesting with a foed width of 10bp Fri Jun 8 17:25:43 2012

| ENCODE caltech Wold-lab RNAseq - jessica severin-mixi

O test heatmap track save/load FriMay 11 17:18:54 2012

) ENCODE RNAseq - callech Wold-lab ENCODE RMAseq from Callech Wold-lab. This RNAseq prolocol is sirandless. but loaded BAM jessica severin-mixi

"~ -exonic sgnal alignments are stranded. Processed inlo simple strandless, exonic signal visualization. Thu Apr12 15:01:42 2012

o Geoncode gengs V10 - ENCODE all 444 ENCODE RNAseq experments are used to collate gene expression inlo the Gencode V10 jessica severin-mad

\¥] RNAseq collated axpression gene madels. RMAseq algnmants loaded from BAN fles. Exprassion recorded with Q20 fitering 5 "5 0 2 'nn 10 07 2042

q20 tpm (444 samplas) and q20_tpm (tags per milion) normakzation. o

- jessica soverin-mi

L E KMDE -l tesi track with stream_stack lo test new code Fridun 15 17:17:07 2012

OE DE -la test of a track with dala sources, reversed siream_gueue and side stream with mullipie madules #n':j:ﬁ?;ﬂ?” 2042

(RPEM] o

) wgEneode Stamalovannopoulous - all 182 DNAse-Seq expenments from ENCODE from Stamatoyannopoulous - Universdy of ncolas al myopend

= UWDMAss-Seg Washinglon Tue Oct 16 01:53:33 2012
( add tracks )

It provides the user with options to search the available tracks, filter based on which collaboration the track was

shared with, and then select one-or-more tracks to add to your view

Saving and Sharing Views

Any user who is logged into the system can save and share view configurations with other users. This is done

save view

through the save view button at the top of the genome browser. This will bring up the "save

configuration panel”

Save glLyphs configuration

jessica.severin-yahoolP
collaborative project: | public sharing - RIKEN FANTOM exte

mnﬂguraﬂon name: | ENCODE Wold-lab RNAseq view.5

description:

test view of the wgEncodeCaltechRnaSeq encode RMAseq data loaded
from BAM. also with the CSHL shorttRNA and longRNA tracks. showing
how the wold-lab RMAseq is a strandless protocol. added splice
donor’aceptor processing tracks forwold-lab data. with new heeatmap
style. ¥31 work in progress switching to new script system.

A

When saving a view, users can enter both a "configuration name" and a description of the view. All text entered will

be searchable with the metadata search system at a later time in the data explorer.

The user must also select the user collaboration into which the view will be saved and shared with. Views are only
shared into a single collaboration, but can latter be moved to a different collaboration through the editing panel

which can be accessed in the data explorer views section



http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Add-shared-track.jpg
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Add_predef_tracks_panel.png
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=ZENBU_Configurations%23View_configuration
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Save_view_button.jpg
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Saveview_panel.png
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=DEX
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=DEX%23Finding_Views_thru_the_View_tab
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Save glLyphs configuration

user: jessica.severin-yahooldP

ol Select collaborative project

de @prhrate
1 D public sharing - RIKEN FANTOM external

() DOPAMINET
) DKanan'nrl—Kala'granﬁ_ﬂ_al_zﬂn
| ()ZENBU clzss - collzboration example

rd Y
[ |

e e

After saving, top of the genome browser view will display the new "configuration name" and description and a new
unique URL is generated which allows direct access to this view.

T o

ZENBU - glyphs genome browser

| L | » | + © hup://fantom.gsc.riken.jp/zenbu/glyphs/#config=Dadq--BIHhImzeFrv2igHC:loc=hg19::chr8 & | (Q- Coogle

t &3 [ BH Apple Yahoo! GoogleMaps YouTube Wikipedia Mews (2,837)+ Populars COMMON Yokohama Coogle

| jessica.severin-yahooP | Sign out
| RIKEN =

; : test view of the wgEncodeCaltechRnaSeq encode RNAseq data loaded from BAM.
Omics Science Center 5 with the CSHL shortRNA and longRNA tracks. showing how the woid-iab

BN e RNAseq s a strandless protocol. added splice donorfaceptor processing tracks for

wold-lab data. with new heeatmap style. v31 wark in progress switching to new
scri .
Crested by: jessica.severin-yehoolP  Tha Oct 18 13:53:00 2012 GMT

Rl stvme senome broveser 0
Only users who have logged into the system can save and share views with others. Guests will be reminded to login
before trying to save.

Warning: Not Ingg:ad into the ZENBU system (%)

In order to save a view configuration, you must first log into ZENBU.
Please go to the User profile section and either create a profile or login
| with a previous profile. |

Exporting View as SVG Image

ZENBU can export the current view

visualization as a publication-grade Export aLvohs SVG imaage
SVG image. Once you are happy with xp aLyp g
our view, click the "export svg"
Z (oor )  Thi .11; bri y [hide widgets [save to file
utton, lexportSVG ) 1S W1 rlng up Dhlde tI'ECK EIdEbHI‘E
an interface panel which allows for [Ihide title bar
refinement of how the SVG export is (hide experiment/expression graph
generated. P Ty
| cancel } | export swg )

* hide widgets : will not draw the
widgets of the title bar
- Gencode genes ... BE%
* hide track sidebars : will not draw the left side dark gray side bar
* hide title bar : will not draw the title bar colored background, but will still draw the track title
* hide experiment/expression graph : will not export the experiment/expression graph part of the display

* save to file : enable the export into a file
* cancel : will cancel the SVG export



http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Saveview_select_collaboration.png
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Saveview_new_url_title_desc.png
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Saveview_user_login.png
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File%3AExport_svg_panel.png
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Export_svg_button.png
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Track_controls-deactive.png
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Track_control_widgets.jpg
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* export svg: will send the SVG either into another window of your web browser or to a file.

Controls and widgets

Track control widgets

The widgets and controls on each track which enables the user to modify and move the track.

close track ) 4‘@ which will delete the track from the view
* reconfigure track © @' brings up the Reconfigure Track interface which allows users to reconfigure

how the track is built.

Track snared vrack: -

€5 ENCODE caitech Woid-ab RMAseq - heaimap

Data sources: Ono saching
cata sources: expenments(a7]

foature mode:(_ckip_motadeta )  xpression dataiype: [_fagoount %)
Stream Processing script
selact processing mode: |_predefined script :

name:  Strandiess Experiment heatmap 10

description:This seript performs the gridded genamic histogram binning for strandless.
d P i replace

visualizalion option. Primarily used with RNAseg, longRNA, shortRNA dala.

‘script uuid:

Visualization:
select glyph style:|_experiment-heatmap + | (¥ colorbyscore [ hide empty expariments
e :
display datalype: [ lagoount & | background solor:  black
track already shared ) ( save script
e copy track @3‘ ¥ which will duplicate a track in the view. This is very useful when used in combination

with track-reconfiguration. It is sometimes easier to take an existing track and modify it to get your desired
track-configuration, and this copy tool enables this.

* download data @ %% brings up the Download Track data interface. This enables users to download
their processing results into several different file formats for use in external systems or for additional analysis.

This panel also provides interfacing for user control of the TrackCache building system

* activate/deactivate track I§>¢n°‘ changes the active state of a track. I§>°n°‘ means the track is in an
active/expanded state and clicking on the blue-circle will cause the track to deactivate and not draw its content.

Bencod means the track is in a deactivated/compacted state and clicking on the red-bar will cause the track to

become active.

navigation controls
There are several ways the user can change the genomic location of the Genome Browser

* navigation buttons to alter location and zoom level

HG1B::chr5:137828123-137B33858 [len 5.736kb ] track:137832894 (‘) @ (p ﬂ = ; g e & display width:

» searching for genes or annotations to refocus the view. This is part of the Metadata searching system which

allows for complex multi-keyword queries with logic in order to find lists of potential gene targets.

ZENBU | glyphs genome browser

iy Y I Y
eqrl [ search ) [ clear )

illl | LyPhs genome browser (user | wnd |
. . . ra Y iy %
leucine immunoglobulin | search | [ clear )

* direct entry of region location



http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Track_controls-closetrack.jpg
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Track_controls-reconfigure_track.jpg
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Reconfigure-wold-heatmap.png
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Track_controls-copytrack.jpg
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Track_controls-download.jpg
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Track_controls-contract.jpg
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Track_controls-contract.jpg
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Track_controls-expand.jpg
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Track_controls-expand.jpg
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=Region_Location%23navigation_with_buttons
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Glyphs_navigation_buttons.png
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=Region_Location%23searching_for_genomic_annotation_with_keywords
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Glyphs_feature-search-egr1.png
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Glyphs_gene-search-metadata.png
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FENEL . | oL .l gLypIugenmm: browser

HG18::chr5:137828123-137833858 [ search | [ clear )

For details please refer to the Region Location section of the documentation.

Track visualization styles

The Tracks in the ZENBU gLyphs genome browser fall into three main categories of visualization styles

* Annotation tracks: where the data sources only contain genomic information and no expression

O UCSC_hg18_knownGene Mok
———S——ic002p0q.2 usdlZpoz _———-———m—-+
ue  — - — - -
ucQ10eha. | — - — — — —
ue 1 e
| I— ——
2 — — —
2 — — — |
— — — —

» Expression tracks: where expression level is displayed without feature boundaries in a style similar to the UCSC
genome browser 'wiggle' but in an user interactive tool.

© ENCODE long RNAseq whole call - econic signal [min:-1928 max:815 scale:-54..64] tagoount sum height ke

e

* Hybrid tracks: ZENBU enhanced visualization which allow for processed data to contain both genomic features

and multi-experiment expression data

O Gencode gane V10 - ENCODE lang RNAseq whals call collated expression :: lageount_mkm BT ER
ENSTO00003626 1. o
: ENSITo000246551 3 g -
ENS; FIT Ty E—
L —
© ENCODE long RNAssq whole call - intron support = tagoount [EIESR- 3 ‘8
O ENCODE long RNAseq whole cell - spectrum :: lageount % »
e x
0 ENCODE long RNAseq whale cell - heatmap :: tageount ®kd

Annotation Tracks

Annotation tracks are for the visualization of genomic positional data within the ZENBU genome browser.

O UCSC_hg19_knownGene HE%e
—— —— 002000 2 D02poz. | I m
00200, | I = I uc 4.

uc00Zgot. 1 — -

uch0end. | Ele—

uc 020y 1 —

— — -
ucO0ZpDv. 2 — — - — |
ucD0Znw. 2 pa— — — — -
wcO10ene. | —

The visualization style of visualization can be changed in the track configuration interface panel's Visualization
section.

Visualization:

visualization style: | transcript D colkor exXpresson E hide empty experments

background color:

Different visualization styles vary in the amount of information displayed and the amount of vertical screen space
used. For dense data tracks, more compact visualization my be better depending on how one will use the
visualization. The strand of the annotation is color coded where green is on the forward(+)strand and purple is on the
reverse(-) strand.



http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Gylyphs_direct_coordinate_entry.png
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=GenomeBrowser
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=Track_visualization_styles%23Annotation_Tracks
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:Annotation-track-transcript.png
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[ww T R arrow style: a colored arrow is drawn on the 5' end of the annotation pointing toward the 3'

end.

thick arrow style: a colored rectangle with arrow head is drawn from the start to the end of the
annotation data. The name of the annotation feature is also displayed. The arrow head is drawn

on the 3' end of the annotation data.

medium arrow style: a colored rectangle with arrow head is drawn from the start to the end of

the annotation data. The arrow head is drawn on the 3' end of the annotation data.

centroid style: like the /ine visualization but with a colored arrow drawn in the center of the

annotation feature.

S transcript style: a complete annotation visualization of the exonic, intronic and UTR regions of

it

a transcript. The UTR regions are displayed as an an outline box, exons are displayed as colored
boxs, and a gray line spans the entire length of the transcript. The name of the annotation
feature is also displayed. If this style in used with annotation data without exon/intron/UTR

data, the visualization displays the same as the line style.

Ee=—== - thick transcript style: similar to the transcript style but in a more compact vertical format and
without the name of the annotation feature.
T T T T thin transcript style: similar to the thick transcript style but without UTR visualization , and

€ven more COIIlp'dCt.

box style: a colored rectangle is drawn from the start to the end of the annotation feature. The

name of the annotation feature is also displayed.

line style: a gray line is drawn from the start to the end of the annotation feature. The name of

the annotation feature is also displayed. No color is employed to indicate strand.

exon style: a thick colored rectangle is drawn from the start to the end of the annotation feature.

medium-exon style: a medium sized colored rectangle is drawn from the start to the end of the

annotation feature.

| ez thin-exon style: a thin colored rectangle is drawn from the start to the end of the annotation

feature.

R—

UTR style: an outline box is drawn around the full length of the annotation feature.

[ - thin style: a compact thin colored rectangle is drawn from the start to the end of the annotation

feature. a compact style to use very little vertical screen space.

Expression Tracks

Expression tracks are for the visualization of numerical expression data from Experiment Data Sources in the

ZENBU genome browser on a segmented genomic grid similar to the UCSC genome browser wiggle visualization.

Express signal visualization

In the express visualization, expression is visualized as a signal-height graph along genomic coordinate space.

ZENBU can visualize both strandless and stranded expression signal.

Here is an example of FANTOM4 CAGE signal which is stranded in nature

O FANTOM4 CAGE TSS [L1] and THP1 PMA expression timecourse [min:-118 max:314 scale:-314..314] norm sum Send + R

vy

Here is an example of FANTOM4 ChipCHiP signal which is strandless in nature

O FANTOM4 ChIP-chip [ h3k8 | [min:-395 max:395 scale:-395..395] raw sum area
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Here is an example of ENCODE strandless-protocol RNAseq signal configured to only display expression signal in

areas of sequence alignment (skipping gaps of alignments)
O ENCODE caltech Wold-lab RNAseq - exonic signal [min:-0.00 max:48884 scale:-1040..1040] tageount sum Send ) ]

/ fantom. gsc. riken. jp/ zenbu/ gLyphs/ #config=l_D-jGtlIlehEahizVAMeB;loc=hg19::chr8:128746973. .
128755020

Here is an example of ENCODE stranded-protocol RNAseq exonic expression signal
'O ENCODE long RMAseq whole cell - econic signal [min:-1929 max:815 scale:-54..64] tagoount sum height

In order to create this style of visualization the primary expression data must be processed using either the graphical

[«

P

R T
-

interface expression binning script GUI processing modules or with a custom data processing script to create the

dynamic genomic segmented grid.

Stream Processing script
selact processing mode: | expression binning script (gui) =

1
A

overlap mode: | area under curee 5 | expression binning:] sum 7 |

S
Epmms& gnaring strand Enverlap via subfeatures fxed bin sza:
Visualization:
visualzation style: | express ¥ _: Dmhraxprassi:-n E hide emply expenments

display datatype: | tagc-uu"t g background color:

track peeal height: 53 express scale: auto Dlr.-g =cale E&tmndl&s&

The expression binning processing GUI parameters are as follows :

* overlap mode : since ZENBU can work directly with sequence alignment data (often uploaded from BAM files)

it is necessary to modify the alignments to be properly visualized. The options here are::

* area under the curve: the expression is spread evenly along the length of the alignment so that the
area-of-the-curve represents the level of expression.
This only effects alignments which overlap more than one of the genomic segmentation bins. If all alignments
are shorter than the genomic segmentation then area and height modes generate the same visualization.

* height: the expression is collated so that the height of curve represents the level of expression at the genomic
segment.
This only effects alignments which overlap more than one of the genomic segmentation bins. If all alignments
are shorter than the genomic segmentation then area and height modes generate the same visualization.

» 5'end: the expression signal is concentrated at the 5'end of the sequence alignment prior to being collated into
the genomic segmentation binning.
This is primary used for CAGE-based sequencing experiments

* 3'end: the expression is concentrated on the 3'end of the sequence alignment prior to being collated into the
genomic segmentation binning.
Currently there are few RNA sequencing technologies which can utilize this mode of processing but is included

for new technology development.

» expression binning: the mathematical operation used when multiple expression from the same experiment collate

into the same genomic segmentation bin. Each Experiment is kept distint and this math is applied across different
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expression features within the same Experiment. The options are:

* sum : sum the different expression values within each experiment

* min : calculate the minimum value of the different expression values of each experiment

* max : calculate the maximum value of the different expression values of each experiment

* mean : calculate the mean average of different expression values of each experiment

* count : simply report the count of different expression values within each experiment that collate into the

genomic segmentation bin.

fixed bin size: by default the processing script creates dynamic bin sizes based on the zoom level of the genomic
view and the width of the display in order that each segmentation bin maps approximately to a single pixel width
on the screen. This ensures that a fine enough visualization resolution is preserved without creating unneeded

sub-pixel resolution. But if a finer or courser segmentation binning is desire it can be entered here. For example
the track above using a 100base pair fixed binning size.
O ENCODE caltech Wold-lab RNAseq - exonic signal [min:-0.00 max:B2731 scale:-1760..1750] tagcount sum height

e i Jdil

[+

kP

process ignoring strand: if the primary expression experiments are using a strandless protocol or one wishes to
process stranded expression in a strandless manner , check this and a strandless genomic segmenation binnning
grid will used and strand of the primary data will be ignored. It the data is processed as strandless it is best to also
select the strandless option within the visualization options.

overlap via subfeatures: sometimes RNA sequencing experiments generate gapped sequence alignments when
an RNA molecule spans an intronic splicing junction. This information is contained in BAM files and is preserved
durring ZENBU uploading. To get an accurate visualization of true RNA exonic signal these intronic gaps should
not be collated into the genomic segmentation bins. The example above of the ENCODE Wold lab RNAseq
experiments contain such gapped alignments. Here is this BAM sequence alignment data processed without this

option enabled and both RNA exon and intron signal is collated into the expression visalization.

O ENCODE caltech Wold-lab RNAsaq - exonic signal [min:-0.00 max:48884 scale:-1040..1040] tagcount sum haight HEEES

Additional visualization options available for expression Experiment tracks (visualization style of express)

hide empty experiment: this parameter effects the track-linked Experiment Expression panel. If selected, only
those Experiments with a non-zero expression value are displayed.

color expression: currently has no effect when the track is in express’ mode

display datatype: depending on how the track was configured and processed there may be more than one
datatype available for visualization. If more than one is available, please select.

background color: the option of altering the background color to help visually group related tracks in very large
views. color can be specified using any of the html web color syntaxes (named colors, #FFFFFF style or
rgh(255,255,255) style).

track pixel height: adjusts the screen height of the track. this can also be adjusted with the resize widget on the
left side of the track W.ith click-drag.

© ENCODE caltech Wald-lab RI

T _‘
B9 ENCODE caltech Wold—labl RI

express scale: adjusts the numerical scale which the expression values are displayed. by default this is auto

meaning that the expression track is visually rescaled to fit into the height of the track. If one desires to use a
fixed scaling among several tracks, this can be set here. Tracks with more expression than this scale limit are
clipped.

log scale: for visualization the expression can be dynamically compressed onto a log scale. If the expression has

huge dynamic range, this can be helpful to expand the low background signal and compress the higher peaks. For

17
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example here is the FANTOM4 CAGE expression track from above visualized on a log scale.
O FANTOM4 CAGE TSS [L1] and THP1 PMA expression timecourse [min:-5 max:§ scale:-0..0 log] norm sum Send

'+ " | IR L o ' |u|l"| -lquru’l 1

» strandless: this visualization option should be set in coordination with data processing which is also strandless.

Expression spectrum visualization

The same expression-binning data processing can be also displayed in the spectrum visualization style. This is a
visualization style for expression data but can also be applied to non-overlapping hybrid data. It draw the expression
on a single layer of a track using only the false-color-spectrum to visualize expression differences. It can be used in
combination with normal "expression binning" processing or with more advanced scripts. The spectrum visualization
does not display strand information so processing should be done in a strandless or separated-strand manner using

custom scripting.

Visualization:
wisualization style:| spectrum

color options | bluel - _: B |

display datatype: . tagoount ?.' background color:
L ——

= ] v color expression D hide empty expariments

o

This example RNAseq data is processed to display only exonic signal (no gaps/introns) and displayed with the
"bluel" false-color-spectrum. This style of visualization gives a very compact track which allows people to use it in
situations where they might need many separate expression tracks.

ll:l EMCODE long RMAsaq whale call - spectrum :: tagoount Ho%k@
| 1 nEEm En o Ew IEmm T EEE

Hybrid Tracks

ZENBU advanced visualization tracks which combine genomic annotation and expression Experiments, often in
combination with ZENBU data processing to create novel visualizations. There are several different types of

visualizations which can be categorized as hybrid tracks.

Expression false coloring of genomic features

In this style of hybrid visualization, genomic annotation Features have expression collated onto them. This can either
be generated inside ZENBU by a data processing script or by utilizing the BED file with score-as-expression loading
options or with OSCtable files with combined annotation and expression. This visualization is enabled by selecting

one of the annotation visualization styles, checking the color expression box and selecting a false color spectrum.

Visualization:

visualization style: | transcript = Emhraxpms&hn D hide empty experiments

|
K|

color options | firel ;_: B

display datatype: tagcuu*t r-|:-kﬂn T" background colon:

For example here is a track which uses ZENBU data processing of the ENCODE wold-lab RNAseq expression
(which was loaded via BAM files) collated into Gencode Gene models to give gene expression. This data processing
is then visualized as a hybrid track with the transcript visualization stlye and the color expression option with the

firel false-color-spectrum.
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O GencodeV10 - collated expression ENCODE caltech Wold-lab RNAseq (RPKM) :: tagcount_rpkm # P
EMETOO0! 617.3 | =
El\STUUUUUSHQ(U.Eh
ENSTOO00051T201. 1€ —
ENSTO0000253523 68 ] (=]
'O ENCODE caltech Wold-lab RNAszeq - exonic signal [min:-0.00 max:48884 scale:-1040..1040] tagcount sum Send 2 P
0 GencodeV10 {UCSC January 1st 2012) CEET )
ENSTOOOO02ESE23. & =
ENSTOOOD0S17201.
ENS =
— ——
- The

top track is the hybrid track showing the processed gene expression, and the two tracks below are the RNAseq
expression signal track which was then collated into the Gencode gene models which are shown in the third track.
For  details on  how to  create  tracks like  this, please see the case study

RNAseq_expression_collated_onto_gene_models
Here is a variation on the previous collated-expression situation, but here we use advanced scripting to dynamically

generate new genomic-features from the primary data and then use false-color-spectrum to show their abundance.

'O ENCODE caltech Wold-lab RMAseq - intron support :: tagoount

[+

kW

In this track RNAseq alignment gaps are extracted by ZENBU processing into new genomic-features and then
"uniqued" and counted. In gapped RNAseq, long gaps mainly occur because of RNA spanning introns and these
gaps represent evidence for introns. These "intron evidence" features are then filtered for length and minimum

abundance before being displayed using "medium-exon" and a "firel" spectrum.

Experiment Heatmap visualization

This is a visualization style for datasource pooled tracks with many experiments and expression. In this style of
visualization each experiment is given a unique horizontal layer in the image, vertical slices represent genomic
segments, and the false-color-spectrum is applied to the expression value at the intersection of genomic-position and
experiment. This style of visualization simultaneously shows spatial variation in expression and differential

expression between experiments.

In this example the RNAseq is processed for exonic signal and binned into a genomic-segmentation grid and
experiments are sorted based on most expression value.

'O ENCODE caltech Wold-lab RNAseq - heatmap :: tagcount

[#

kB

Hovering over elements in the heatmap reveals the name of the experiment, the location and the expression value
collated into that genomic segment.

'O ENCODE caltech Wold-lab RNAseq - heatmap :: tagoount ¥ k@

L= =

wygEncodeCaltechRnaSeqgHelas3R1x75dAlignsRep1V2. bam
1481

The order of experiments matches the order in the linked Experiment-expression graph and resorting in that panel,

changes the sort-order of experiments in the heatmap. Here the sort order is changed to be by sample cell-type name.
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O ENCODE caltech Wold-lab RNAseq - heatmap :: tagcount

[+

kB

Another example showing more dramatic differential expression and spatial difference between RNAseq exonic
signal among different ENCODE samples.

k@
kB

'O ENCODE long RNAseq whole cell - spectrum :: tagoount
w1 ' mr 1

[« [«

'O ENCODE long RNAseq whaole cell - heatmap :: tagoount

Configuring Tracks

. . + configure new track
New tracks can be created in the ZENBU system either through the genome browser e

control or through the Data explorer interfaces.

In all cases the interfaces are similar and are based around the same concept of

1. choosing a collection (one or more) primary data sources to be the dynamically pooled virtual DataSource of the
track

2. configuring the optional data processing for the track

3. configuring the visualization options

Here is the new track configuration interface panel from the genome browser and the reconfigure track interface
panel. The main difference is that new-track-configuration panel allows for the configuration of the track data

sources.

configure new track: glyphTrack111

Data sources [Vrestrict search to current species/assembly  data source type: | all data sources 4 JRE S mERta iR Pz e all
Search data sources: wold raseq !splice (_search ){ clear )} refresh )
47 data sources selected  Select all
source name description e ]
type
Iymphoblastoid, International HapMap Project - CEPH/ULah - European Caucasion, Epstein-Barr Virus. Sequencing analysis
™ waEs altec Se0Gm12878R 1 x75dAligneRep V2 bam of RMA expression. Wald - California Institute of Technalogy. Whaole csll. TopHat v1.0.14. Single 75 nt directed reads. Experiment
Poly{A)+ RMA longer than 200 nt. Shows individual reads mapped to the genome and indicates where bases may mismatch.
lymphoblastod, International HapMap Project - CEPH/Utah - European Caucasion. Epstein-Barr Virus. Sequencing analysis
z 2altechRnaSeqGm12878R 1x75dAlignsRep2V2 bam of RNA expression. Wold - California Institute of Technology. Whole cell. TopHat v1.0.14. Single 75 nt directed reads. Experiment
PolyiA)+ RMNA longer than 200 nt. Shows individual reads mapped to the genome and indicates where bases may mismatch.
Ilympheoblastoid, International HapMap Project - CEPH/Utah - European Caucasion, Epstein-Barr Virus. Sequencing analysis
[ p of RMA, expression. insert length of 200nt. Wold - California Insfitute of Technology. Whole call. TopHat v1.0.14. Paired 75 nt s
"V wak < lkachBnaSeaGmi 2, TEI 1y
“ ! m12876R2,:75I200AknReptV2bam . ). (Al RNA longar than 200 ni. Shows individual rsads mapped to the genome and indicates whers bases may ~ —Ponment
mismatch.
Iymphoblasteid, International HapMap Project - CEPH/Utah - European Caucasion, Epstein-Barr Virus. Sequencing analysis
= = . hEinaSeqGmd 2878R2x TSI200AIgnsRen2\VE b of RNA expression. insert length of 200nt. Wold - California Institute of Technology. Whole call. TopHat v1.0.14. Paired 75 nt Expmedment
x = A ANSHEpEVEBAM  oads. Poly(A)+ RNA langer than 200 nt. Shows individual reads mapped to the genome and indicates where bases may it
mismatch. i
lymphoblastoid, International HapMap Project - CEPH/Utah - European Caucasion, Epstein-Barr Virus. Sequencing analysis v
feature mode: | skip_metadata = expression datatype: | tagoount =
Stream Processing script )
select processing mode: | predefined script v !
name: Strandless Experiment heatmap.10 ("edit script )
description:This script performs the gridded genomic histogram binning for strandless expression data with subfeature structure for use with the experiment- (" rapjace )
heatmap visualization option. Primarily used with RNAseq, longRNA, shortRNA data. .
script uuid:
Visualization

title: ENCODE caltech Wold-lab RNAseq - heatmap
visualization style: | experiment-heatmap % | V color expression Z hide empty experiments
color options | fire3 HE 20 e

background color:  black

(_cancel | | accept config )
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Track information: ehared track:

title:| enCODE caltech Woid-lab RNAseq - heatmap

description:

e

Data sources: [Jno caching
data sources: expenments[47]

feature mode: | skip_metadata % |  expression datatype: [ tagecount il
Stream Processing script e '
select processing mede: | predefined script = _:

namae: Strandless Experiment heatmap.10 [ edit script b

description:This scripi performs the gridded genomic histogram binning for strandless

expression data with subfeature structure for use with the experment-heatmap . replace v
visualization opticn. Primarnily used with RNAsaq, longRNA, shordRNA data.

script uuid:
Visualization:
salect glyph Ell'yla experlment— heatmap ¥ _: E color by score D hide empty experiments
colar options | fire3 - I
display datatype: héc_x-:uunt__:'l background color: | black

' 3 ? ; a T ; ' ;

cancel track already shared save script accept config )

In the Data Explorer interface, data sources are selected first prior to launching the Configure Track interface panel.

Selecting track data sources

When configuring a track, the first step is to select which data you wish to work with. This can be one or more data
sources which forms the track's virtual pooled Data Source. Since ZENBU is a dynamic system with many users
uploading and sharing data, the process of finding data sources is via a google style interface for searching the
metadata of the Data Sources in the system.

Data sources [¥lrestrict search to current species/assembly data source type: | all data sources i P all
. | IR ATV, AT

Search data sources: wold rmaseq !splice (“search ) clear ) refresh )

47 data sources selected  Select all
source

sSOource name description
type F]
Iymphoblastoid, International HapMap Project - CEPH/Utah - European C: ion, Epstein-Barr Virus. Sequencing analysis
g Encod: 12878R1x75dAlignsRep1V2.bam of RNA expression. Wold - California Institute of Technalogy. Whoale call. TopHat vw1.0.14. Single 75 nt directed reads. Experiment

Poly(A)+ RNA longer than 200 nt. Shows individual reads mapped to the genome and indicates where bases may mismatch.
lymphoblastoid, International HapMap Project - CEPH/Utah - European Caucasion, Epstein-Barr Virus. Sequencing analysis

™ Ei deCaltechRr Sm12878R1=x75dAlignsRepV3.bam of RNA expression. Woald - California Institute of Technalogy. Whole call. TopHat vw1.0.14. Single 75 nt directed reads. Experiment
Poly(A)+ RNA longer than 200 nt. Shows individual reads mapped to the genome and indicates where bases may mismatch.

lymphoblastoid, International HapMap Project - CEPH/Utah - European Caucasion, Epstein-Barr Virus. Sequencing analysis
of RMA expression. insert length of 200nt. Wold - California Institute of Technology. Whole call. TopHat v1.0.14. Paired 75 nt
reads. Poly[A)+ RNA longer than 200 nt. Shows individual reads mapped to the genome and indicates where bases may
mismatch.

g Encod. A 12878R2x751200AlignsRep1Va.bam Experiment

lymphoblastoid. International HapMap Project - CEPH/Utah - European Caucasion, Epstein-Barr Virus. Sequencing analysis
" " : p of RNA expression. insert length of 200nt. Wald - California Insfitute of Technaology. Whole cell. TopHat v1.0.14. Paired 75 nt
™ Ei cl 1287BR2x7SI200A; Rep2V2 bai
x e i T raads. Paly{A)+ FNA longer than 200 nt. Shows individual reads mapped to the genome and indicates where bases may
mismatch. '

Experiment

lymph id, International HapMap Project - CEPH/Utah - European C: ion, Epstein-Barr Virus. Sequencing analysis x

S
v

feature mode: | skip_metadata ._:' expression datatype: [ tagoount

To select Data Sources for a new track, simply enter searches, and check the Data Sources you wish to use. There are

several options to help with searching including

* restrict search to current genome/assembly : unless you are planning an advanced scripted data processing
operation, in general only data mapped to the current genome is most useful.
* data source type : by default it searches both annotation FeatureSources and expression Experiments. This

control allows the user to restrict the search only one of the two types of Data Sources.
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collaborative project : selects collaboration based filtering to help narrow the search. Shows only data which has
been shared with selected collaboration.

refresh will clear the search panel of all source which have not been check selected

clear : will clear the search and unselect all sources so that the user can start over

search: perform the keyword logic search

After selecting the Data Source which be pooled into the virtual merged Data Source for the track, the details of the

data stream needs to be configured

feature mode: this defines the level of data extracted out of the ZENBU database systems. The more data
extracted the fatter the features are and the slower the database extraction process. Please select an appropriate
level for performance tuning. If uncertain leave select at full_feature since this will ensure all data of the Features
are available for dataprocessing and visualization. options include

* full_feature : all data associated with the Feature : genomic coordinates, subfeatures, expression and metadata

» simple_feature : only the primary genomic coordinates of the Feature are extracted

* subfeature : primary genomic coordinates and subfeatures. no expression or metadata are extracted for use on
the data stream

* expression : primary genomic coordinates and expression. no subfeatures or metadata are extracted for use on
the data stream

* skip_metadata : primary genomic coordinates, subfeatures, and expression. no metadata is extracted for use on
the data stream

* skip_expression : primary genomic coordinates, subfeatures, and metadata. no expression is extracted for use

on the data stream

expression datatype: all expression data is tagged with a datatype and within an Experiment there can be
multiple different datatypes. This pulldown will display the available datatypes within the pool of selected

DataSources. Please select the appropriate datatype for your track.

Configure data processing

The configuration of track data processing falls into 4 categories

none : no additional data processing is needed and the virtual pooled data stream in left unchanged and simply
streamed into the visualization.

predefined script: allows the user to select a previously saved and shared data processing script made by another
user. This option enables novice users to perform complex data processing with simple push button ease.
expression binning gui: this is a simplified user interface which allows users to manipulate their expression data
into expression signal data. This performs genomic segmentation binning and collation of expression into the
genomic bins to get expression signal at a genome level

custom XML scripting: the most advanced option where users write their own data processing scripts using the
ZENBU data processing XML language by chaining together modules and datastreams.
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Selecting a predefined script

Simply search the existing predefined scripts which have been saved and shared by others users and choose one by
clicking on its script name. Searching utilizes the metadata searching system to help narrow down the options. The

user also has the option to show all and scroll through the list of predefined scripts currently in the system.

Stream Processing script -
select processing mode: | predefined script 9

Search scripts: (“search ) clear ) show all )

script name description

CAGE man(20 fillar ta.ke.a stream of reads, filter out an score {aka map( for bamiread stream) above 20, contract reads to their 5'end, send into dynamic-scale coverage
At mapie] Ter binning

two step script which first filters an expression data stream for coding signal by intersecting with known coding excns. Second step collates filkered

Entrez gene coding exprassion.1 s .
expression under Entrez gene model boundaries.

E ion & 1 This script performs the gridded genomic histogram binning for use with the 'spectrum’ vi: izafion. This vi ization is S0 BXD ion data
Apression um must be processed by ignoring the strand data. Primarily used with RNAseq, longRNA, shorRMA data,
FANTOM3 dencvo clustering. 1 denave CAGE TSS clustering in FANTOMS style approach. CTSS leveli -> simple cutoff filter -> 20bp overlap clustering.

Uses GencodeV10 transcripts as template for expression callation. Only collates expression for primary signal which falls on exons of GencodeV10

GencodeV10 exp: i
Sneace Sxaresson transcript models.

GencodeV10 ion - stranded protocols, RPKM Uses G deV'10 ipts as template for expression collation. Only collates expression for primary signal which falls on exons of GencodeV10
normalized transcript models. RPKM normalized for length.
HeatmapRenameEncodeCellLing Rename ENCODE data with the cell line the data originate from from and set a grid binning of 100bp
hg18 sno-mirRNA based filtering filtter the input stream for overlap with sno and miRMA genes as listed by UCSC on Januray 1st 2012
. i

hg18 rRMA lewvel use the input stream and gather expression levels of sno and mIRNA genes as listed by UCSC on Januray 1st 2012

. R =T, il feanion ST =TT ] PR S T " TR T L

After a script has been selected and loaded into the track, the name and description are displayed along with the

unique UUID of the saved script configuration.

Stream Processing script -
select processing mode: | predefined script =

(edit script )
- | A
replace

name: GencodeV10 expression - stranded protocols, RPKM normalized

description:Uses GencodeV10 transcripts as template for expression collation. Only collates expression for primary signal which falls on exons of GencodeV10
transcript models. RPKM normalized for length.

script uuid:

If the script included some track_defaults those options will also be toggled on the panel to their new default-state
by the script-loading. If one wants to change the predefined script one can push the replace button which brings
back the search interface. If one wants to see the details of the script XML or modify it, one can push the edit script

which will copy the contents of the predefined script into the custom XML scripting editing interface.

Expression binning GUI

In order to utilize the Visualization styles of express or spectrum or experiment-heatmap expression data needs to
be binned-and-collated into a genomic-segmentation-grid. This data processing interface provides a simplified

user-interface to perform this expression-binning.

Stream Processing script o
select processing mode: | expression binning script (qui) 5 |

overlap mode: | 5 end "+ expression binning:[ sum =3

" |process ignoring strand [loverlap via subfeatures fixed bin size:

For details on the options in this panel and how they effect expression visualization, please refer to the Expression

Tracks section of the Track Visualization section of the documentation.
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Custom XML scripting

The most advanced option for configuring of data processing in a track is to directly write in the ZENBU script
XML language. In this example we show the script XML from the "GencodeV10 expression - stranded protocols,
RPKM normalized" predefined script.

Stream Processing script
select processing mode: :_ custom XML script =

L

2overlap_meode=height<ioverlap_mode=
<gkip_empty_templates=falzse</skip_emply_lemplates>
<ExMprassion_mode>sum<iexpressicn_mode’
<ignore_strand>false<fignore_strand=>
<side_siream=>

<spairaam medule="EEDE:SRSkeam:Proxy” name="gancoda"/>
2/side_stream>

For details on how to write ZENBU script XML data processing and all the available processing modules, please

refer to the Data processing user guide section of the documentation.

Configure track visualization

The Tracks in the ZENBU gLyphs genome browser fall into three main categories of visualization styles

e Annotation tracks: where the data sources only contain genomic information and no expression
O UCSC_ha18_knownGene ke
——— — > 002p0g.2
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» Expression tracks: where expression level is displayed without feature boundaries in a style similar to the UCSC

genome browser 'wiggle' but in an user interactive tool.

O ENCODE lang RMAseq whole cell - ecanic signal [min:-1929 max:815 scale:-84..64] tagcount sum height Mok ®
-

ey

* Hybrid tracks: ZENBU enhanced visualization which allow for processed data to contain both genomic features

and multi-experiment expression data
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For details of the different visualization styles and configuration options, please refer to the Track visualization

styles section of the documentation.

Data Download

Data from any Track in the ZENBU system can downloaded into several different output formats. Downloading is
available on any track configuration whether it is a simple single Data Source, a track with a virtual pool of data

sources or a complex track with processing.

To enable fast downloading for the users, Tracks are built in parallel on a computing cluster utilitize the
TrackCaching_System. This provides many benefits. If I user has selected a predefined/shared track, the TrackCache
will already be prebuilt and download is immediately available. If a user configures a new track, but happens to
define it with the same content (same data pool’ and script) as a previous track in the TrackCache, it will use that
TrackCache and its already built segments. Another advantage of the TrackCache system, is that the track is built in
parallel segments so data download becomes immeadiately available as soon as the request region segment is built,

and there is no need to wait for the entire track built.

The interface for track data download is available through the glLyphs genome browser interface and the "track
download widget" Bk

Clicking on this widget will bring up the "download track data" panel.

Download Track Data panel

The Track Data download panel provides both an interface to the Data s &

vy g data sources: expenimenis|444]
Download system and the TrackCache building system. Data download Y STy O
; location: chrB:128746168..128754215

only becomes available once the genome segments for the track have o e e
been built into the TrackCache.

downkoad format: | oscrable 3| [save tofie

. . . subfeatures: (%) none (Jbed12 biocks () zenbu cigar
Once the TrackCache data is available, the user can select the file [ el e

[oscheader metadata {skip for excal)

format for download (download data )

® Download Track data: Q
data sources: expenments[444]

H ; : B
region: @ visiole region \_/ whole genome

— -
\_Jlocation: chr13

¢ region build status: eady for download

e

osc table

Idawnk:-ad formal ¥ bed12 | [save to file
bedb .
bed3 | download data |
| gff
— | zenbu xml —
das xml

LR

Download
file formats include: OSCTable, BED12, BED6, BED3, GFF, zenbu xml, and DAS xml. There is the option to "save

to file" or to see the result in a web browser window.
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The OSCTable file option contains several different additional options controls on how to generate the file. The
OSCTable is a general purpose tabbed-text table file with additional textual elements to help with loading and
parsing. In its most basic form OSCTable is no different from an Excel table with header names. If one chooses
OSCTable and do not export the oscheader metadata nor the experiment metadata then the output file is completely
Excel and R friendly. OSCTable is the preferred method for data export since it ensures that all the data of the track
is exported including multi-experiment-expression on genomic features. For multi-experiment expression, the
different experiments and datatypes are simply appended into additional columns. The genomic-coordinate data for
OSCTable follows the BED6 and BEDI12 formats. So a ZENBU OSCTable export can be considered a
BED6/BEDI12 with additional columns for Feature-metadata or multi-experiment expression which makes it

generally usable by many bioinformatics systems and pipelines.

Track building interfaces

Since the data download system relies on the TrackCache system, the Data download panel also serves as the
interface to help prioritize track building. The TrackCache building system is automated and runs in the background.
As new tracks are created by users they are inserted into the TrackCache system. Anytime a genome browser view
tries to access a track for visualization, it will first try to get the data from the TrackCache. If the TrackCache
segment is not built, the webservice will log an "anonymous build request"” so that this region can be visualized faster

next time a user comes to the region. The long ID in gold the is unique hashkey of the track.

Users can track their download requests

When users are logged into the ZENBU system, they can make personal requests to the track building system which
will not only help prioritize their tracks of interest, but also is logged into their personal Downloads page. Users can

check the progress of their Download building from both this interface and through their personal Downloads page.

For example here is a new track which is still not completely built for chrl3, and the interface offers the user the

option to make a ""build request" which will then be logged into their Downloads page.

Download Track data: (]

da3ia sources: expenments |444]

. ' il T e
region: L_J visiohe region \_/whole genome

E:'- location: chrid

region build status: 6 GRGELEY: (28 B hours)

:,ihuild and email me when download is readv:}

this will log a request to build this region and you will ba notfied via email once it
has completed. All your download build requests are logged and available in
your user profile section. This download-build request will run in the background
50 you do not need to keep this panel open nordo you need to keep the
browser open.

And after the request has been made the user will see this in the track downsloads panel.

Download Track data: (]

daia sources: expenments |444]

L 8. ; e
region: ._/ visibhe region \) whole genome

Glnmljnn: chrid
region build status: 3.715270% (47 .5 hours) build in pragress

you have already requested to downlkoad this region. Please wail for an email,
or check the progress % and wait until it has completed building.

If users go to their User "download tab" they will see the status of their previous download/track-build requests.
Tracks which are currently building will display a percentage complete. Track-build-requests which have completed,

offer a <download> button which will then bring up the "Download Track data" panel
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downloads

id view track location date status
4524 view Gencode genes W10 - ENCODE RNAseq collated expression q20_tpm (444 samples) hgl9 chrlg Tue Oct 16 13:28:54 2012 download ready
4523 view Gencode genes W10 - ENCODE RNAseq collated expression q20_tpm (444 samples) hgl9 chrl? Tue Oct 16 13:28:48 2012 buiding 49.5%
4522 view Gencode genes V10 - ENCODE RNAseq collated expression q20_tpm (444 samples) hgl9 chr@ Tue Oct 16 13:09:20 2012 buiding 57.03%
4521 view Gencode genes V10 - ENCODE RNAseq collated expression q20_tpm (444 samples) whole genome Tue Oct 16 13:07:56 2012 buiding 9.42%
2804 view deepCAGE hippocampus whole genome Fri Oct 5 13:54:53 2012 download ready
2803 view FANTOM3 CAGE in BRAIN tissue whole genome Fri Oct 5 13:54:47 2012 download ready
2B02 view FANTOM3 CAGE in LIVER tissue whole genome Fri Oct 5 13:54:41 2012 download ready
2801 view FANTOM3 CAGE in blood and macrophage whole genome Fri Oct 5 13:54:35 2012 download ready
2B00 view FANTOM3 CAGE in LUNG tissue whole genome Fri Oct 5 13:54:29 2012 download ready
2799 view FANTOM3 CAGE in all tissues and samples whole genome Fri Oct 5 13:54:24 2012 download ready
2792 view FANTOM3 CAGE in all tissues and samples whole genome Fri Oct 5 13:53:33 2012 download ready
2720 view FANTOM4 CAGE expression collated into promoters[L3] : THP1 PMA expression timecourse whole genome Wed Oct 3 09:08:49 2012 download ready
2715 view FANTOM4 ThP1 PMA timecource via gRT-PCR whaole genome Wed Oct 3 08:55:41 2012 download ready
2713 view FANTOM4 siRNA perturbation expression on Illumina hgév2 microarray whaole genome Wed Oct 3 08:55:26 2012 download ready
2712 view FANTOM4 CAGE TSS [L1] and THP1 PMA expression timecourse whole genome Wed Oct 3 08:54:56 2012 download ready
2704 view FANTOMS3 all samples as expression heatmap whole genome Tue Oct 2 20:21:07 2012 download ready
2694 view FANTOM3 CAGE in all tissues and samples whaole genome Tue Oct 2 20:12:19 2012 download ready
2238 view deepCAGE hippacampus whole genome Fri Sep 28 23:03:23 2012 download ready
2237 view FANTOM3 CAGE in BRAIN tissue whole genome Fri Sep 28 23:03:12 2012 download ready
2236 view FANTOM3 CAGE in LIVER tissue whole genome Fri Sep 28 23:03:04 2012 download ready
26 downloads =< previous page | Page: 1 2 | next page ==
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Anonymous TrackCache building requests

If users are not logged into the ZENBU system (guests), they can make anonymous requests to the trackbuilding

system to help prioritize their regions of interest.

| Download Track data: Q

| data sources: expeniments|444]

regian: D visinle regon D whole genome

@ location: chr13

| region buikd status: 5.555555%: (19,7 hours)

ipriur’itize build;."

| thizs will =end an anonymous request to build this region. The background track
| building processes will try to priortize this above other requests. The user wil
| not recieve feedback when it i completed.

| If you would like to recieve a notification email, please login with your user
| profile.

Pleasze come back here and check the progress % and wait until t has
| completed building. You do not need to keep this panel open nor do you need
| to keep the browseropen.

If the TrackCache building system already has workers building on the region, guests will simply see the following

and need to check back periodically if the building has completed
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Download Track data: (%]

daia sources: expenments |444]

L 8. e
region: _/ visibhe region \%) whole genome

GI-:--::aljnn: chr: 128745168, 128754215
region build status: 3 824 732% (35.3 hours) buld in progress

thiz track download region s cumantly building in the background. Download will
become available once the buiding has complated.

It you would like to recieve a notfication email, please login with your usar
profile and make a download-buid request here. Otherwise, please check the
progress % and wait until it has completed buiding. You do not need to keep
this panel open nor do you need to keep the browser open. You can come
back here and check the progresz at anytime.

TrackCaching System

Track Caching system

To enable fast and reliable downloading of processed data and to speed up visualization of processed track we
implemented a TrackCache system based around a new binary file format called ZDX (Zenbu Data

eXchangeformat).

The TrackCache is based on the concept of unique track description. Scripts are parsed such that their sole effective
content (that is regardless of their formatting, the unnecessary declaration of parameters with the default value, ...)
matters. This means that different people starting from scratch building tracks can generate the same "track
description" (similar datasources and processing but different track title, indentation of the script, addition of

comments or annotation with the script) and behind the scenes use the same trackcache

Zenbu Data eXchangeformat binary file

To enable fast and reliable downloading of processed data and to speed up visualization of processed track we
implemented a TrackCache system based around a new binary file format called ZDX (Zenbu Data

eXchangeformat).

The ZDX file is based on the concepts of filesystems with File-allocation-tables and inodes and file-blocks. In ZDX
data is stored into znodes, but unlike filesystems where every file-block on the disk is the same size, znodes have a
flexible size. The ZDX file header allows for many different subsystems of data to be stored in the same ZDX file.

The main purpose of ZDX is (like a filesysstem) to allow not only fast random access, but also to allow
augmentation of data to any of the 'files' contained inside it. This is in contrast to other binary file formats in genome

science.

The design also allows for the file to be always sorted even when it is partially built.

Features with expression and metadata are stored in the ZDX segments as compressed ZENBU xml using the LZ4
compression algorithm. This provides very fast compress and decompress times with still excellent compression
ratios. We do not want to waste too many CPU cycles on compression/decompression. This ensures very fast

read/writing of data into the ZDX segments even though it it compressed.
The main sections of how we use ZDX files in our TrackCache is

* asection dedicated to the DataSources of the track
* apre-segmented genome (TrackCache uses a 100kb non-overlapping segment)

» asorted Feature/Expression array attached to each segment.
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Because the genome is presegmented, it is possible with ZDX to independently build each segment. As a segment is
built, the data is written into a znode and appended onto the end of the ZDX file. Since everything is done with
inode-like znode pointers, the actual location of the znode in the file is irrelevant. When building a TrackCache
segment the TrackCacheBuilder will create a linked-list of znodes where each znode is kept around 200kb. Because
the TrackCacheBuilder builds one-segment at a time and the features come out of the ZENBU streaming in sorted
order, the writing into the segment is in sorted order. Therefore the ZDX file is always in sorted order, there is never
a need to resort the entire file. The ZDX file built with very efficient locking so that 100s of TrackBuilders can be
working on creating the same ZDX file at the same time and are only limited by the disk performance of the system.

ZDX binary files inherently enable Map/Reduce parallelization

Because of the virtual file-system like approach in ZDX, we are able to randomly build different parts of the file at

the same time.

Since TrackCache ZDX has a presegmented genome, it naturally enables MapReduce style building of the complete
genome. And the order of segment building does not matter. The TrackCacheBuilders use the ZENBU API for data
streaming and data processing so generate the same result as the webservices.

eHive based system of autonomous-agent and work-claim design

The TrackCacheBuilders follow an autonomous-agent and work-claim design originally developed in the eHive
system. TrackCacheBuilders do not need to be told what to do, they check a black-board database (like ehive) for
trackcache's which are unbuilt and for user requests for region building. Once they have initialized to a particular
TrackCache, they can either build user-requested segments or randomly pick an unbuilt segment. Like eHive the
autonomous-agent TrackCacheBuilder workers first lock-and-claim a segment (fast no-race condition) and then
proceed to build the segment at whatever pace the dataprocessing allows. This enables 100s-1000s of workers to
simultaneously work on the same ZDX TrackCache without colliding (each segment is built only once). This is very
efficient and completely autonomous. Because the granularity of genome TrackCache building is on the 100kilobase
segment size, the system has very good latency between when a user makes a request for a segment to be built and
when a free TrackCacheBuilder worker can finish it's current segment and pick up the job request to build another

segment.

Just like eHive workers are given a limited lifespan before they "die" and are reborn. This also gives a layer of fault
tollerence to the system (like eHive). If worker dies mid-build the segment is labeled as still mid-build with the
workers process-ID, it is possible to identify the failure and reset the segment so that another worker can build it.
The workers have failure code built-in so many fail-states are caught and the worker can reset the segment before
needing to die. In addition all sorts of building stats are recorded for each segment. number of features, build time,
worker processID, host machine name... Because of the design of the system it is very easy to have a cluster of
computers running 100s of TrackCacheBuilder workers to enable high-degree of parallelization for
TrackCacheBuilding. DataDownload is enabled once the requested segments have been built. This means that
download can be enabled without requiring the track for the whole genome to have been build. This enhances the

user-response experience.
This provides the complete flexibility of the ZENBU data processing and data pooling system.

Because the result of processing is stored in the ZDX TrackCache as ZENBU datamodel XML, it is read back out of
the cache fully intact and this able to be reused for further ZENBU data processing and output. This enables the same
track cache to download data into many different export formats (bed, gff, osctable). This allows for the web
interface to provide much flexibility on data download and still use the same TrackCache/ZDX. And the same
TrackCache/ZDX can be used for fast data query for the track visualization system and really enhances the user

experience of using the genome browser.
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Region Location

changing the location of the genomic region can be done through several means.

direct coordinate entry

coordinates can be directly entered into the search box at the top of the genome browser page

SN styohs genome browser i

HG18::chr5:137828123-137833858 ("search ) (clear )

The format of direct coordinate entry is very flexible. The order of asm:: chrom: start end is arbitrary. Chromosomes
are recognized by either starting with chr or ending in a single : suffix. Genome name is recognized by a double ::
suffix. The minimum requirement is that a chromosome name (eg chr3:) is specified. Any numbers in the query are
assumed to be the start and end, order is not important. If only a single number is found then current genome length
is preserved and it is centered on this chromosome positon.

Examples of valid direct chromosome locations

e HG19::chr21:34949407-34965611

e chr21:34949407-34965611

e ¢chr21:34949407..34965611

e ¢chr21:34,949,407-34,965,611 [ UCSC genome browser style |
e ¢chr21:34949407..34965611 HG19::

e chr21 35965611 34949407 HG19::

e chrl3 34231851 35327476

e chrl3 3496500

* hgl9:: chr13 35000000

e 3496500 chr12

searching for genomic annotation with keywords

The annotation tracks loaded into the current view can be searched for specific features via keyword searching. This
can be searching for entrez genes, refseq, ensembl genes, mirBASE, gencode, mRNA or any other annotation track
which has metadata. Entrez genes in the ZENBU system have been loaded with extensive metadata, so one can even
search for terms like hemo, liver, amyloid, or even complex multiple keyword queries. Then simply click the feature

you want to move the view to.
Searching by  known gene symbols will find genes in the Entrez Gene track

FENBL | glyphs genome browser

ril Y ril Ny
egrl [ search | [ clear )
Entrez gene hg19:: (found &, from 651) EGR1 LOCZ86458 NAB1 NABZ FTGERS TOE1

Searching by refseq identifiers will find refseq genes

FENBL | glyphs genome browser

nm_024577 ("search ) ( clear )
UCSC_hg19_refgene:: (found 1, from 35067) NM 024577
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Searching by keywords will search the metadata find related genes in the Entrez Gene track
il streh senome browser | L —
leucine immunoglobulin [ search

Entrez gene hg19:: (found 21, from 651) ISLR |SLRZ LINGOZ LINGO3 LINGO4 LRFNZ LRFM3 LRFN4 LRFMNS LRIG1 LRIGZ LRIG3 LRIT1 LRITZ LRIT3
LERC4AB LRRN1 LERNZ LRRNI MXRAS TFES

navigation with buttons

HG18::chr5:137828123-137B33858 [len 5.736kb ] track:137832894 (‘) @ @ ﬂ = = g e & display width:

Big arrows move the view left or right retaining about 20% of the visible region. The small arrows move the view
retaining about 80% of the visible region.

Plus zooms the view in. Minus zooms the view out.

The large 'recycle' button will reload the region querying data from the server. The small recycle button simply
redraws the display using the data currently cached on the user's computer.

The user can also change the display width of the genome browser to better fit their larger desktop screen monitor or
their smaller smartphone or tablet device.

In addition this section of the interface displays the current genomic location in black, and the current position of the

tracking line in red.

zooming into selection within a track

Any track within the genome browser allows for interactive user selection using a simple click-and-drag motion.

After a selection is made one can zoom into that region by clicking the magnify '®4 button.

For example from this zoomed out region the user has selected a region of several genes

HG1B::chr19:54414837-55180021 [len 765.185kb ] track:54810050 q') @ » (}) ] = g a @ display width:

O HG18 chr1d 54414837..55180021 [len 785.185kb | s
p13.3 S 13 pEEEN p13.11 q13.11 _q_q13 31 EIEEZINg 132
N N N e e e e ]
54500000 54500000 54700000 54800000 54800000 SSUUUUUU 55100000
O Entrez gene hg18 Y ] X ]
SUMO1P4 « CD37» CCDC15S5 mm—- FLTALG mi RCNImmis  PRRGZ2 8 RRAS « PRMTY = TSKS _ FUZ - F'TD\H (L4 — VRK3 -
SLCEATE e DK KL i PTH2 o RPL13A» NOSIP fm— SCAF1 memip CPT1C i A —- KP4 NUPE2 <m—
TEADZ < LOCE4597 SNORD32E PRR1 |RF3 4 LOC38B555 = LUC1 00130333 J\KT'|5'| - ATFE»
SLCATAT s SNORDIS BCL2L12s 5 m— SIGLEC1 -
PIHID1«  RPS11> LOC199800- TBC1DT = SIGLEC16»
ALDHTEAT e FCORT mip
SNOR
SNORD35M
SNORDASE
LOC100128528
O e oL 10 NM_144688 M_0D1459 NI 015363 NM_COSZ70ME NM_1523508+smet NM 1307871 +—srmg NM 0174 HM_153719 N@o s&’fow—
1 i i i i i 1 16371 i
LA ok M 17844 ‘NM Lipzrs hil R 21 NM_021 m'"'?o! N 02512084 M O 00325'4' S Y z0se '
WM 001774 Nu_ozoa&; ' 020 S N1 S8 18 Hum NILOT4203— 1 et T, 001 10 t6ane
W_WS-OHOE NM_01 5&’% N'H 031015& 001571 MM ?3m NM 1 'NM_OE\ZWMS
Rib_ 01441501 NRA_1 NM_ 0206508+ e B W 1,
R N_00TO40658) T I NM_TD10257
NRCO0D019] NI 198315 Ml MM_D24
R 00001 NM'(X)IE&G!}H TNML_1TZ3T: %::&{g—l
"rfn"é’on 11 e - i —"
0041071—4 - NMC153718M—A

and then after clicking the magnify button the view is now zoomed into what was previously the selection

HG18::chr19:54671213-54698033 [len 26.821kb ] track:54680530 (‘) @e @ ] = g e @ display width:

O HG18 chr1d 54571213, 54698033 [len 26.821kb | x
p13.3 _ 3_P1311 L —1311 SN2 q G2 9 13.31 1SS 1t
| [ o o T bbb

545?5000 54580000 54885000 54590000 54505000
O Entrez gene hg18 k@
FLTILG SNORDI2ZA RPE51 1 ee—
RPL13A SNORD3SEs LOC100128525 s

SNORD35A
O UCSC refseq gene hg18 [l T ]
+ MM 001453 NR_00D021m NM_D01015)
-NM'0|2423|—|—0—|—|—|—|—- R_001285m
NR_0000208
RR_000019R
HR_000018
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focusing view by selecting an annotation feature

For example from this zoomed out view

HG1B::chr19:54414837-55180021 [len 765.185kb ] track:54810050 @ @e (-}) ] = g e @ display width:

O HG18 chr1d 54414837..55180021 [len 785.185kb | »
p133 BT o1 3 BN 13,11 q1311 _q_q13 31 —q13’
R T R T T e T s e S e I fooe e
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SLCEATE e DK KL i PTH2 o RPL13, NOSIP — SCAF1 memip CPT1C i A —- KP4 NUPS2 m—
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1 1 1 1 mﬂ 1 1 1 %ﬁ? 153omu 1
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the user could double click the gene named AP2A1 which would select that feature and then zoom into it.

AP2A1 gene : Entrez_gene_hgie [x]
adaptor-related protein complex 2, alpha 1 subunit [Homo sapiens].

alias: ADTAA AP2-ALPHA CLAPA1
EntrezID:160 OMIM:E010286
location: 18913.33 :: HB18::chr19:54051991. 55002180+

%
EX

(export SVG) (save cnnfiguration)

HG18::chr19:54951944-55012227 [len 60.284kb ] track:54993831 (‘) @e @ ] = g e @ display width:

O HGAS chr1d 54051944. 55012227 [len 60.284kb | Y
p13.3 _P _91311 _q‘| 1 TSN o SIS 13.31 GISEEq 13,
T T N A e R R
54960000 54870000 548980000 54900000 55000000 550100

O Entrez gene hg18 ek
— TS K S | FUZ ———

AP2A1

| LOG1 00130892 e

'O UCSC refseq gene h N
4‘1!;.—1&»1 021732 | WM_O251 20 M+ BoEd

NEA_ 130787 a

NMC0142038 ! a

re-centering the view

If a user double clicks in the background of any track, the view will be re-centered on that location, but retains the

same zoom level.
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Data Explorer interface

Data Explorer Interface

The Data Explorer Interface (or DEX) http://fantom. gsc. riken. jp/ zenbu/ dex/is used for searching the data
content of the ZENBU system.

It is divided into 5 tabbed subsections

* View configs

* Track configs

* Experiments datasources
* Annotation sources

* Processing scripts

% guest | Sian in
RIKEN
N . 0 tracks 0 experiments 0 annotation sources
RIKEN OSC Omics Science Center visualize || download || clear |
| == | data explorer h:.‘lﬁil—
Views

Search: | search | | clear | colaborative project: | curated - RIKEN FANTOM extarnal

genome: all assemblies + )

22 filtered 22 total configs << previous page | Page: 12 | nextpage == page size: | 20

row view genome name description create date accessed

Collection of FANTOM4 promoter annotations, CAGE TSS expression signal, ChIP-chip signal, qRT-PCR ThP1 expression
jessica severin-mid

1 view hgl8  FANTOM4 ThP1 human.B timecourse, Jlumina hg6v2 microarray expression experiments including sIRNA knockdowns and THP-1 PMA stimulation = P55 S0, o ) 2059
time course experiments, Mapped onto human hgl8 assembly. B
2 view mmg  FANTOM3 : Mouse Mouse mm9 assembly with FANTOM3 CAGE data, and deepCAGE hippocampus datasets. showing tissue specific promoter jessica severin-mixi 481
—— mm9.5 difference in the gelsolin GSN gene. Frl Oct 5 14:11:14 2012
r test view of the wgEncodeCaltechRnaSeq encode RNAseq data loaded from BAM. also with the CSHL shortRNA and .
3 view hgl9 W longRNA tracks. showing how the wold-lab RNAseq is a strandless protocol. added splice donorfaceptor processing 1?;“3*‘?”," ey A
= tracks for wold-lab data. with new hesatmap style. v31 work in progress switching to new script system. o -
2 Human hg19 basic 2 2 z in-mil
4 view hgig T basic annotation view of human hg19 assembly e e R
N i-| N " »
5 view hgl8 4'@3"—*5‘3"1?’_“6”' ama et 2l g nlemental materials for Kanamori-Katayama et al, 2011 e 7
6 view mmo  IOUSE M basic basic configuration of comman annotation tracks for mouse Mmg i [
7 view hgl9 Cshl ShortRNA with test view of the wgEncodeCshiShortRnaSeq encode shortRNA data loaded from BAM. showing de-novo paraclu clustering jessica severin-mixl a7
e scripting exmaples.2 with different filtering approaches Tue May 15 19:02:17 2012
8 view hgig  Humennaif besic human hg18 assembly with public annatation tracks from UCSC and NCBI Entrez o [
test view of the wgEncodeCaltechRnaSeq encode RNAseq data loaded from BAM showing script which uses Gencode V10
9 view hgl9 Encode Rna_ with gene models as a proxy datasource on a side stream to collate expression using TemplateCluster followed by jf“ff’,seve”.r! m“{', gy 20
gencode script example. 1 e May 15 19:30:42 2012
NormalizeRPKM
Collection of FANTOM4 promoter annotations, CAGE TSS expression signal, ChIP-chip signal, qRT-PCR ThP1 expression . .
10 view hgig ~TANTOMSThPL timecourse, Jlumina hobv2 microarray expression experiments including SIRNA knockdowns and THP-1 PMA stimulation oo o 16
|- time course experiments. Mapped onto human hgl8 assembly. S
Encode RNAseq ) )
11 view hgl9 B e test view ot;tge ngncodeC_a\tec?Rnétaizqat:ncodﬁ R”Aseq d?;cal_loaded fI‘Dr"ﬂ BHAI:I showing script which renames 1?‘??\_@9:]—21@ pam 11
== m_p—p_m % experiments based on experiment my (enc:cell enc:cell_lineage enc:cell_tissue) e May 22 20:41:10 2012
Encode RnaSea

Browsing available Views, Track, Annotations and Experiments

DEX and Metadata searching

Common to all View configs, Track configs, Experiments, Annotation sources and scripts subsection of DEX, any
section of the data explorer can be searching with the metadata search system. In addition it is possible to filter

results based on which specific collaboration the configuration was saved into, or data was shared into.

Lo datn sxplorar hﬁﬂm_

Expression experiments | | |

(“search ) ( clear ) collaborstve project  all

Search: \ I\ J
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http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=DataProcessing
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One of the primary systems in ZENBU is that of metadata and metadata searching.

Search is modeled on the google/yahoo approach of prefix-based multiple-keyword searching. ZENBU also provides
additional logic elements to fine tune one's queries.

* and : by default space separating keywords in a search is interpreted as an and operation. This operates in the
same way as set intersection [1]

* or :is used for combining queries in the same way as set unioning [2]

* not <keyword or ()phrase> : will exclude any items which match the phrase for the results. For example "not
spliced" will return experiments which do not have the keyword spliced.

 !:short hand for not

* () : nesting of parenthesis logic are supported.

It is good practice to always give a good description when saving configurations (view/track/script) or uploading
data. ZENBU performs automatic keyword extraction from all metadata providing a wealth of ways to search the
system.

Here is a complex example searching the Encode hg19 datasets in the Data Explorer experiment interface section.

encode hgl9 (rnaseq hepg2 !spliced) or (chip-seq)

http:/ / fantom. gsc. riken. ip/ zenbu/ dex/
#section=Experiments;search=encode%20hg19%20(rnaseq%20hepg2%?20!spliced)%200r%20(chip-seq)

Other general comments to help users with searching:

e If a search is performed with too many terms, it may fail to return any results. This is the same behavior that
google or yahoo has.

* keywords are generally extracted from free-form metadata like names and descriptions but also controlled
metadata like the genome assembly, controlled vocabulary, and ontology metadata.

» for OSCtable files, keywords are extracted from the ParameterValue and ExperimentMetadata sections.

* any metadata added into the system via the Metadata editing system becomes immediately available for searching

Refining searches by Collaboration

The data loaded in zenbu can be shared in the context of collaborations.
By default all views, tracks and primary datasources shared in collaborations the user is a member of are searched.
A dropdown menu located on the right side of the keyword search box allows further refine searches or, in the

absence of searched keywords, display the entire content related to a specific collaboration.

| see exmoer |

= _views | I sl

search: search | [ clear |(Eotasoratie project: | curated - RIKEN FANTOM external Search: search | [ clear | o
Select collaborative project
genome:|_al assemblies o genome:|_al assemolies =

26 filtered 234 total configs <<previous page | Page: 12 | nextpage>>  pagesize: |20 26 filtered 234 total configs =< previous page |Page: 12 | nextpag (Jat

row view genome name description row view genome name ‘@3
i . Collection of FANTOM4 promoter annotations, CAGE TSS expression signal, ChiP-chip signal, GRT-PCR ThPL expret | yiew hgi8  FANTOM4 ThP1 humen.B Collection of FANTOM4 prom{ (curated - RIKEN FANTOM external
I e s EA o e microarray expression experiments including SIRNA knockdowns and THP-1 PMA stimulation time course experimer — —— MiCrOAITaY expression €XPerin (), s snaring - RIKEN FANTOM extermal
b b Emeremenms g:huese mmg assembly with FANTOM3 CAGE data, and deepCAGE hippocampus datasets. showing tissue specific pr > yiew mmo  FANTOMS : Mouse mmo.5 g:nfe mm assembly with FA
— e —— - = — 3 s st
” test view of the wgEncodeCaltechRnaseq encode RNAseq data loaded from BAM. also with the CSHL shortRNA and ENCODE Wold-lsb RNA test view of the wgEncodeCal —
Wold-lab RNAseq & ENCODE Wold-lah RNAseq i _JDOPAMINET
3 view hg1g  DNCODE Woldda RNA wold-lab RNAseq is 2 strandless protocol. added splice donor/aceptor processing tracks for wold-lsb data. with ney 3 Mew hg19 = EES wold-lab RNAseq is @ strandiel
views switching to new script system, — switching to new script Syste (CJHT RNA profiing of Purkinje dendrites
4 yview hgl9 Human hg19 basic annotation basic annotation view of human hg19 assembly 4 view hgl9 Human hq19 basic annotation  basic annotation view of hury| (_/NH cel project
Kan: Kz etal, Kanamori-Kata, etal | (JZENBU public/guest share
5 view hgls Supplemental materials for Ko -
5 view hglB 2 materials for Y et al, 2011. g 2011.6 PP () Trans-SINE rapamycin Project
6 view mm9  mouse mmd basic annotation basic of common annotation tracks for mouse mmg 6 view mm9  mouse mm9 basic ennotation basic configuration of commq ()Kanamor-Katayame et al 2011
7 view hgl9 Cshl ShortRNA with scriptin: test view of the wgEncodeCshiShortRnaSeq encode shortRNA data loaded from BAM. showing de-novo paraclu clu 7 oy hg19 Cshl ShortRNA with scripting  test view of the wgEncodeCst| ( _JJunichl natural heiper cel project
o4 e exmaples.2 approaches — exmaples.2 approaches
8 view hgl8  Human hal8 basic annotation human hgl8 assembly with public annotation tracks from UCSC and NCBI Entrez 8 view hgl8  Human hgl8 basic annotation human hg18 assembly with public annotation tracks from UCSC and NCBI Entrez

Collection of FANTOM4 promoter annotetions, CAGE TSS expression signal, ChIPchip signal, aRT-PCR ThP1 expre: g
microatray expression experiments including SIRNA knockdawns and THP-1 PMA stimulation time course experimer

DEX is also the interface with which owner of a View, Track or Script can change the View, Track or Script

9 view hgl8  FANTOM ThP1 human.12 view hgl8  FANTOM4 ThP1 human.12

associated collaboration (for example moving it from "private" and sharing it with a collaborartion).

dediiiialll| data explorer hm—

al, QRT-PCR ThP1 expre
n time course experimer
lowing tissue specific pr

the CSHL shortRNA anc
wold-lzb data. with ner

ing de-novo paraclu clu

Collection of FANTOM4 promoter annotations, CAGE TSS expression signal, ChIP-chip signal, qRT-PCR ThPL expre
microarray expression experiments including siRNA knackdowns and THP-1 PMA stimulation time course experimer
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Tab specific refining options

Expression experiment tab

ZENBU can render data obtained from microarray experiments, high-throughput sequencing approaches as different
as ChIP-Seq, RNA-Seq, CAGE, ...

Therefore, to facilitate the exploration, we provide for Expression experiment datasources a drop-down menu which
allows to further refine searches by experimental platforms (i.e. providing a shortcut to filtering the results for
experiment associated with the metadata eedb:platform, please refer to the section commonly used Experiment

metadata for the complete list of metadata).

| ZENBC | data explorer h:.l'-‘ﬂ—

| Expression experiments
Search: search | | clear | collaboratve project | all
genome:[_all assemblies %] experiment platfopfis: ai piatioms. )
4540 filtered 4540 total experiments  select all us e 67889 .. 227 | next page >> page size: |20
row select platform experiment nal Agilent microarray tidsue time point treatment description
CcAGE
1 454CAGE C6 hippocampus 136 CAGE 1.000 C6 hippacampus
CAGESscan
Lb hippocampus 137 8
2 454CAGE C6 hippocampus 137 ChiP-chip 1.000
3 454CAGE C6 hippocampus 138 ChiP-seq 1.000
DNAPET
4 454CAGE C6 hippocampus 139 DNase-DGF 1.000
DNase-seq
5 454CAGE €6 hippocampus 140 FAnean 1.000
6 454CAGE C6 hippocampus 141 lurine microamsy 1.000
Nugieosome
7 454CAGE C6 hippocampus 142 aRT_PCR 1.000
Rogl-seq
8 454CAGE C6 hippocampus 143 RNA-PET 1.000
9 Agilent microarray  Agl-miRNA RIKEN1 PMA 96h g::f‘:msq 96.000 RIKEN1 PMA 96hr  Agilent miRNA microarray RIKEN1_PMA 96hr
10 Agilent microarray  Agl-miRNA RIKEN3 PMA Ohr user_undefined IP-1 0.000 RIKEN3 PMA Ohr Agilent miRNA microarray RIKEN3_PMA Ohr
11 Agilent microarray  Agl-miRNA RIKENS PMA 1hr hg18 TIB-202 THP-1 1.000 RIKEN3 PMA 1hr Agilent miRNA microarray RIKEN3_PMA 1hr

b} Bnilont mirsnaru  AnleiDMA DTVEN? DMA The hnta TTR.9N7 TUD.1 5 nnn DIVEM2 DMA Jhe  Anilont miDAIA misrnareau DIVENT DMA Jhe

The content of this drop-down menu is automatically tailored to only display the subset of platforms relevant to the
searched keywords and selected genome assembly.

Annotation data tab

Similarly annotations types can be many, to facilitate browsing those readily loaded and available to you, the
Annotation data tab search area contains an additional drop-down menu that enables fine-tuning searches for specific
Categories of Annotations.

Just as for the platform filtering within the Expression experiment tab, the content of the drop-down menu is
automatically tailored to only display the subset of Annotation categories relevant to the searched keywords and
selected genome assembly. This annotation category is derived from the metadata eedb:category) associated with

annotations.

[ zEnay | it explorer |

| Annotation data |

Search: refgene search | | clear | collaberative project: | all

genome:| =il assemblies

12 filtered 60 total feature sources selectfa

% | source categories: sl categories ©
<< previof page size: 20
row select cate

1 3utr

genome count description
o lexon
UCSC ha18) 0

2 ke nirer

Finding Views thru the View tab

A View is a ordered collection of Tracks that can be associated with metadata to facilitate its retrieval, shared in
the context of a collaboration, linked to, ... In essence, Views can be considered like interactive figures of a
publication.

Because users can save many views at many locations, there are many views in the system. And since new views can
be constantly added to the system, there is a need to have a dynamic, searchable interface to these views. All the user
adjustable parameters of the gl.yphs genome browser, such as the hidden/shown status of tracks, the width of the
displayed glyph, ...) are also preserved into the View config. Views can also override any of the default visualization
parameters from Tracks it contains.
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This section of the Data Explorer allows users to search for views and to page through the results of those searches.
Once the correct view is found, it can then be launched into the glyphs genome browser by clicking the view button.

nicolas at myopenid | Sign out

RIKEN
>H] - . Otracks O experiments O annotation sources.
RIKEN 0SC Omics Science Center visualize || download || clear |
M G dsta exporer I
Views
Search: [ search | [ clear | cellaboratve project: | all

genome:|_all assemblies |

219 filtered 219 total£bnfigs =< previous page |Page: 123456789 .. 11 | next page >> page size: 20

row view ge name description createdate  accessed
Collection of FANTOM4 promoter annotations, CAGE TSS expression signal,
ChIP-chip signal, gRT-PCR ThP1 expression timecourse, Tilumina hgévz Jessica severin-mixl

1  view hgl8 FANTOM4 ThP1 human.8 2044

microarray expression experiments including SiRNA knockdowns and THP-1 PMA  Tue Sep 25 16:49:49 2012
stimulation time course experiments. Mapped onto human hg18 assembly.

Collection of FANTOM promoter annotations, CAGE TSS expression signal,

ChIP-chip signal, qRT-PCR ThP1 expression timecourse, Tilumina hg6vZ Jessica severin-mixl
microarray expression experiments including SIRNA knockdowns and THP-1 PMA Mo Jun 28 14:55:05 2010
stimulation time course experiments. Mapped onto human hg18 assembly.

Mouse mm9 assembly with FANTOM3 CAGE data, and deepCAGE hippocampus  jessica severin-mixi

2 view hgl8 FANTOM4 ThP1 human.4 944

3 vew mm9 _— datasets. showing tissue specific promater difference in the gelsolin GSN gene.  Thu May 10 19:03:15 2012 [0
4 aw e S 7o Ropaane, e e b o by et b X do nat T Sep 13 175948201 295
! basic.NChi10010 Wed Sep 07 09 2011 JST 10 59.4 aum-ups:ra iy # ¥ e :

basic configuration of common annotation tracks for multiple species (human )
5 view hgl8  dex template.] hg18, mause mm9, rat m4). Tracks mix across the species, but only PRy 244

Tue Jun 22 10:54:44 2010

species/assembly matching coordinate system returns data.
Jessica severin-mixl L

6 view hgl8 Kanamori-Katayama et al, 2011.2 materials for K: Katay etal, 2011. Man Apr 25 04:58:22 2011 - N 1

Collection of FANTOM4 promoter annotations, CAGE TSS expression signal,

When a View configuration is saved, its Title and Description are searchable in the data explorer via the metadata
searching system.
Metadata associated to view can be obtained by clicking on the view name.

nicolas at myopenid | Sion out

RIKEN

=% . . Otracks O experiments O annotation sources.
RIKEN OSC Omics Science Center visualize || download |[ clear |
D LTI dste explorer e
Views
Search: [search | [ clear | collsboratve project:  all

genome:|_sll sssembles

219 filtered 219 total configs L e |Page: 123456789 .. 11| next page >> page size: |20

row view genome description create date accessed
Collection of FANTOM4 promoter annotations, CAGE TSS expression signal,

| view hgls  FANTOMATRPI humang ChIP-chip signal, qRT-PCR ThP1 expression timecourse, Iilumina hg6v2 Jessica severin-mixl 2084

microarray expression experiments including siRNA knockdowns and THP-1 PMA  Tue Sep. 25 16:49:49 2012
stimulation time course experiments. Mapped onto human hg18 assembly.

Collection of FANTOM4 promoter annotations, CAGE TSS expression signal,

ChIP-chip signal, QRT-PCR ThP1 expression timecourse, Illumina hg6v2 Jjessica severin-mix|

2 view hgls  FANTOMS ThPLhuman.s microarray expression experiments including SRNA knockdowns and THP-1 PMA  Mon Jun 26 14:50:05 2010 344
stimulation time course experiments. Mapped ento human hg18 assembly.
. Mouse mmS assembly with FANTOM3 CAGE data, and deepCAGE hippocampus  jessica severin-mix|
3 view mmd  FANTOM3: Mouse mmd.2 datasets. showing tissue specific promter difference in the gelsolin GSN gene,  Thu Moy 10 14:03:15 2012 420
[ entry point: annotation, NCig10007, NCNI10000, NChi10010 clusters, with SNPs
Sep 7:59:19 2011
4 view m4 basic NChIL0010 Wed Sep 07 09 2011 JST 10 50.4 2NSd RepeatMasker, the gene box Is closed by default because it does not Tue Sep 13 17:59:19 2011 295
pesichEn Ol el sep WP B AL ST 8 =2 auto-update anyway
basic configuration of common annotation tracks for multiple species (human e
5 view hgls  dex template.l hg18, mouse mm9, rat m4). Tracks mix across the species, but only ‘Ecm S R
species/assembly matching coordinate system returns data.
6 view hgl8  Kanamori-Katayama et al, 20112 materials for yama et al, 2011. PR 216

Mon Apr 25 04:56:22 2011

Collection of FANTOM4 promoter annotations, CAGE TSS expression signal,

Creating Views from selected Tracks

Views are ordered collections of Tracks with a Title and Description and every other user adjustable parameters of
the glyphs genome browser. They can be created by selecting among the list of Tracks already avaialble in ZENBU.
Tracks' Title and Description are searchable in the Data Explorer (DEX) via the metadata searching system. DEx
allows for the search to be narrowed by collaborations.

Note that the order in which track will be displayed mirrors the order in which tracks have been selected
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nicolas at myopanid | Sian out

RIKEN

RIKEN 05C Omics Science Center

[ ZENBU | gLyphs genome bre | data explorer uu
|

| Tracks | | |

Search search | | clear | solaborative project: | curated - RIKEN FANTOM external

genome:_all assemalies
22 filtered 63 total tracks

page size: |20

. d
row select name genome description createdate 9% accessed

il Entrez gene mmd mmd  Entrez gene annotations for mouse mm3 pulled from NCBI xml web services | 41

2 Entrez gene hal9 hgl9  Entrez gene annotation track from NCBI on human hg19 Jessca severin-mid 37
3 UCSC hal9 refaene hgl9  refseq gene annotation track from UCSC on human hg19 fesa severn 10
4 all mRNA annotation track from UCSC on human hg19 fesska serei i 10

all 444 ENCODE RNAseq experiments are used to collate gene expression into the Gencode V10 gene models. RNAseq jessca severin-mi 6
alignments loaded from BAM files. Expression recorded with Q20 filtering and g20_tpm (tags per million) normalization.

Entrez gene for Rat m4, downloaded from NCBI T

Jessica severinem

updated Entrez gene track for hg18

6
7
8 UCSC hal9 knownGene hgl9  knownGene annotation track from UCSC an human hg19
9

jessia severin-mi

6

6

jesca s =

UCSC refseq gene ha18 hgi8  updated hg18 refseq gene annotation track from UCSC 5
5

FANTOM3 CAGE in all tissues and
samples

mm3  all FANTOM3 CAGE samples and tissues in a pooled expression track. =

nicoles et myopenid edit .

1 waEncode OpenChrom DNAse-Seq  hg19 il 109 DNAse-Seq experiments from OpenChrom, Crawford - Duke University

Jossica severin-m 2

12 Ensembl gene mm9 (via UCSC) mm9  Ensembl gene annatation track downloaded from UCSC for mouse mm9

Creating Tracks from primary data sources

Tracks are composed of :

* Data sources: a collection of one or more data sources which are pooled together to form a dynamic merged data
source.

* An optional data processing : an optional script of data signal processing modules which manipulates and
analyzes the data. This processing can be for either for data visualization purposes or for data exporting and
offline analysis.

¢ Visualization parameters : a set of default visualization parameters which can be used by visualization systems

like our glyphs genome browser when the track is loaded into a View.

Tracks' Title and Description are searchable in the Data Explorer (DEX) via the metadata searching system. Track
configurations can be saved and shared in a collaboration or kept private. DEx allows for the search to be narrowed

by collaborations.

The ZENBU system allows for the dynamic creation of merged virfual Data Sources referred to as " data stream
pools". This provides for a great deal of flexibility both in terms of data loading and data processing. With data
pooling, there is no need to load new data every time a different "mix" is needed when configuring ZENBU tracks.

One can simply use the data already loaded in the ZENBU system and create a new virfual DataSource mix.

Experiment and Annotation ''shopping-cart selection"

Annotation data tab
The Annotation data tab lists the following useful informtaion about annotations and data available in ZENBU

* row : row numbering is particularly convenient when paging thru large collection of experiments

» select : tick box to select/unselect annotation(s) from the current data collection to be pooled in a single track
* category : the category of the annotation

e name : the name of the annotation. The name is automatically parsed to allow for searches in DEX or gLyphs
* genome : the genome the annotations / data derive from

e count : when available the number of features / objects

* description : a description of the data. Keywords are automatically extracted to allow for searches in DEX or

gLyphs
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row select category name genome count description

1 gene hgl9

2 gene  LUCSC CCDS hgld 20120101 hg19

3 gene UCSC Ensembl hgl9 20120101 hgl9

4 gene UCSC EST hgl9 20120101 hgid

B gene UCSC gencodeV10 hgl9 20120101 hgl9

6 gene UCSC mRNA hgl9 20120101 hgi9

50 0 e i ] ot e et Bt
B gene #?I?ﬁ?;gge hq19 20120101 i

9 gene UCSC tRNAgene hal9 20120101  hgi9

Experiment expression tab

The Experiment expression tab lists the following useful informtaion about experiments and quantitative measures
available

* row : row numbering is particularly convenient when paging thru large collection of experiments

» select : tick box to select/unselect annotation(s) from the current data collection to be pooled in a single track

* platform : the experimental platform used to provide quantitative measures

* experiment name : the name of the experiment. The name is automatically parsed to allow for searches in DEX
or gLyphs

* genome : the genome the experiment / quantitative measures derive from

* cell line / tissue : the cell line or tissue the experiment / quantitative measures derive from when available /
relevant. Keywords are automatically extracted to allow for searches in DEX or gLyphs

* timepoint : the timepoint the experiment / quantitative measures derive from when part of a time serie analysis.
Stored as "eedb:series_name" and "eedb:series_point" metadata on the Experiment.

* treatment : the experimental treatment the cell, cell line or tissue underwent when available / relevant. Keywords
are automatically extracted to allow for searches in DEX or gLyphs

* description : a description of the data. Keywords are automatically extracted to allow for searches in DEX or

gLyphs

. cellline / time o
row select  platform experiment name genome e point treatment description
1 CAGE CAGLRIKENLEMA pg1g 718202 THP-L 0.000  untreated cells THP-1 control (RIKEN cell 1st) LOT-NO:2
2 CAGE CAGERKENLPMA g1 TIB-202 THP-L 1000  cultured 1 hour after PMA THP-1 1hour after PMA (RIKEN cell 1st) LOT-NO:2
3 CAGE w hgi8  TIB-202 THP-l 4.000  cultured 4 hours after PMA THP-1 4 hours after PMA (RIKEN cell 1st) LOT-NO:2

CAGE RIKEN1 PMA .
] CAGE hgl§  TIB-202 THP-L 12.000  cultured 12 hours efter PMA THP-1 12 hours after PMA (RIKEN cell 1st) LOT-NO:2

12hr

Shopping cart control of primary data pooling

In the upper right corner is "shopping cart" style control panel that display the number of currently selected source
being pooled into a track in the making, tracks that have been made and allows to create a view from the collection

of tracks.

Views and Tracks can be generated via sequences of
"select''>""build", "select">"build", ..., "select">"build" >> "view''.

0 tracks 0 experiments 0 annotation sources 0 tracks O experiments 2 annotation sources 1 tracks 0 experiments 0 annotation sources

visualize | download | clear build tracks | download @ clear visualize | download | clear

To create an annotation based track,
1) Simply select to relevant annotation(s).

Until the built track button of the shopping cart is pressed annotation are pooled into the current track in the making.



http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:DEX-anntab.1.png
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=Platform
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:DEX-exptab.1.png
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:DEX-shoppingcart.annsel.0.png
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:DEX-shoppingcart.annsel.1.png
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:DEX-shoppingcart.expsel.2.png

Data Explorer Interface

% RIKEN —_——— ‘
g ) Ew e
RIKEN OSC Dmlcs SCIence center Id tracks download clear —‘J
[“ZERBU™] gty genome browser TR ~cner Vi | —

| | Annotation data

Search: | refgene || search | [ clear | colsboratve project: | all

genome:(_al assemblies source categories:| i categaries.

12 fitered 60 total feature sources select all << previous page | Page:

1| next page > page size: | 20

row select category name genome count description
1 (] 3utr UCSC hqi8 refgene 3utr hg18
2 O 3utr UCSC mm9 _refgene 3utr mmg
3 (@] 3utr UCSC md refgene 3utr md
4 (o] Sutr UCSC_hg18 refgene Sutr hgi8
5 (9] Sutr UCSC mm9 refgene Sutr mmg
6 ] Sutr UCSC 4 refgene Sutr m4
7 (] exon UCSC hqg18 refgene exon hg18
8 ] exon UCSC mm9 refgene exon mm3
9 exon UCSC 4 refgene exon md
10 mrna UCSC hg18 refgene hg18
11 mrna UCSC_mmS9_refgene mm9
B - — e = Otracks 0 experiments 2 annotation sources
12 filtered 60 total feature sources selectall << previous page | Page: 1 | next page >> > build tracks | download | clear |

2) "Building Tracks" opens up a panel that allows to specify how the track will be processed and rendered.

nicolas at myopenid | Sian out
Omics Science Center

RIKEN 0SC build tracks || download | [ clear

N | s el [N
|

| search | | clear | colat

Search: refgene
onfigure new track from data sources
genome:(_all assembles

tive project: | all

12 filtered 142 total fezflre < Data sources
= o~ ‘selected sources: 2 annotations | edit selected sources description
7 g centroid
= Visualization thick-arrow
4 U select glyph style + transcript |
3 (8] i |
4 O tracktile: UCSC,  Cvroband I
= box
5 (8] — arow
p [cancel | [acee e
7 (8] o refgene exon hg18
8 0 hin refgene exon mmg
B ®) probesetioc L —
= seqrag F
10 (] mma hg18
1 (] mma UCSC mm9_refgene mmo
12 o mma UCSC md_refgene m4

12 filtered 142 total feature sources selectall << previous page | Page: 1 | nextpage >>

To create an expression based track,

1) Simply select to relevant experiments(s).
Similarly to creating an annotation based track, once the selection of relevant experiments is done, users can finalize

the collection of primary data to be pull into the track by simply clicking on "build track" from the shopping cart.

% RIKEN
Omics Science Center

RIKEN OSC
[ =y genome sroveer JEEEETEY S i

| Expression experiments

oid | Sign out

Otracks 8 experiments 0 annotation sourtys
build tracks || download || clear

Search: |

genome:| el asse:
4540 4540 total experiments select all

227 | nextpage>>  page size:| 20

fow select platform experiment n: genome cellline / tissue  time point treatment description
1 @  as4cAcE C6 hippocampus 136 mmg 1.000 G5 hippocampus
2 o ascAGE C6 hippocampus 137 mmg 1.000
3 @ 454CAGE C6 hippocampus 138 mm$g 1.000
4 o as4cAGE C6 hippocampus 139 mmg 1.000
5 &  454CAGE €6 hippocampus 140 mmg 1.000
¥ 454CAGE i mm9 1.000
D |= mmg 1.000
8 [ 454CAGE C6 hippocampus 143 mmg 1.000
9 () Aglentmicoarray  Agk-miRNARIKEN1PMAS6hr  hgls  TIB202THP-1 96000 RIKEN1 PMA 96hr  Agilent miRNA microarray RIKEN1_PMA 95hr
10 [ Agilent microarray  Agl-miRNA RIKEN3 PMA Ohr hg18 TIB-202 THP-1 0.000 RIKEN3 PMA Ohr  Agilent mIRNA microarray RIKEN3_PMA Ohr
11 [ Agilent microarray  Agl-miRNA RIKEN3 PMA Lhr hgls  TIB-202THP-1  1.000 RIKEN3 PMA 1hr  Agilent miRNA micraarray RIKEN3_PMA 1hr
122 [ Agilent microarray  Agl-miRNA RIKEN3 PMA 2hr hgls  TIB-202 THP-1 2.000 RIKEN3 PMA 2hr  Agilent miRNA microarray RIKEN3_PMA 2hr Otracks 6 experiments 0 annotation sources
13 (]  Agilent microarray  Agl-miRNA RIKEN3 PMA dhr hgl8 TIB-202 THP-1 4.000 RIKEN3 PMA 4hr  Agilent miRNA microarray RIKEN3_PMA 4hr build tracks | download | clear

2) "Building Tracks" opens up a panel that allows to specify how the track will be processed and rendered.

nicolas at myopenid | Sign out

RIKEN

s Omics Science Center

[l datn exlorer BT MCLEH

| Expression experiments | |

ciear | colaborative proect: | all
ure new track from de;\
genome:|_all assemoblie;
Total exp Data sources
platro, SS6CtE0 S0UICES: 6 experiments | edit selected sources | \ ption

454CAGE Visualization
454cAGE  select glyph style: | express |

imenis 0 annol

build tracks || download || clear

Search:

ight: | 100 region: |

binning:{_sum

(c]

<]

M 454CAGE expression-gatatype: [ multm:
@ asacaGE track pixel

“

5 4SACAGE express scale: | auto min-cutoff: | 0 [ llog scale [ Istrandless

6 454CAGE Z

7 [\ asacace trackiitie: C6 hippocampus 136 /

9 (] Agilentmia AUCHIRA G P o 10 t1o-cuc iy runENL e Tom gt s e ay RIKENL_PMA 96hr
10 O Agilent microarray i RIKEN3 PMA Ohr Agilent mIRNA microarray RIKEN3_PMA Ohr
11 () Agientmicroarray  Aqh-miRNA RIKEN3 PMA 1hr hgls  TIB202THP-L 1000 RIKEN3 PMA 1hr  Agilent miRNA microarray RIKEN3_PMA 1hr
12 ()  Aglentmicroamray  Agh-miRNA RIKEN3 PMA 2hr hg8  TIB202THP-1  2.000 RIKEN3 PMA 2hr  Agilent miRNA microarray RIKEN3_PMA 2hr
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Track configuration tuning via glLyphs

We have kept the DEX track configuration lean, with expression-based tracks always initially drawn as histogram

binned data and annotation-based tracks which can be displayed in a varity of simple visualization styles.

configure new track from data sources configure new track from data sources
Data sources Data sources
selected sources: 2 experiments | edit selected sources selected sources: 1 annotations | edit selected sources
Visualization Visualization
select glyph style: | express ¢ | select gLyph style ¥ centroid
expression-datatype: [ multimap cat = | A E:‘;:c:.g:)w £
track pixel height: ‘100 region: [ S'end :| binning: sum | B2 thin-transcrip
express scale: auto min-cutoff: o (log scale [strandless ——— — cytoband
[cancel | [aces oo
track title: C6 hippocampus 136 arrow
| line
e — exon
| cancel | | accept config utr

Once the view is brought into glyphs, a rich track reconfiguration interface enables the data stream to be rendered in
many way.

Details can be found in the relevant Track visualization and Configuration sections of the manual. In short, track
reconfiguration allows for :

Setting the data processing

* none: no additional data processing is needed and the virtual pooled data stream in left unchanged and simply
streamed into the visualization.

* Predefined script: allows the user to select a previously saved and shared data processing script made by another
user. This option enables novice users to perform complex data processing with simple push button ease.

Stream Processing script
select pracessing mode: | predefined script

name:  GenoadeV1D exp: | edit seript |

late: :
Loy, et modes.
seript uui

[ replace |

* Expression binning GUI: this is a simplified user interface which allows users to manipulate their expression
data into expression signal data. This performs genomic segmentation binning and collation of expression into the

genomic bins to get expression signal at a genome level
Stream Processing script

select processin g made: | expression binning script (gui) _#

averiap made: |

: ] expression binning:| sum + |

[Jprocsss ignoring strand [_loveriap via subfeatures. fixed bin size:

* custom XML scripting: the most advanced option where users write their own data processing scripts using the
ZENBU data processing XML language by chaining together modules and datastreams.

Stream Processing script
mede: _custom XML script

Setting the visualization styles

* Annotation tracks: where the data sources only contain genomic information and no expression

O UCSC_hg19_knownGens &k
—— ——c 002pog. 2 : we002poz. 1
e - — e
uc | — -
uc010ena. 1 E— —
u . p— — — ———
r | — — — ——
ue 2 — — —
uc - — — —
uct 2 — — — -—
uchiDene. 1 - -

» Expression tracks: where expression level is displayed without feature boundaries in a style similar to the UCSC

genome browser 'wiggle' but in an user interactive tool.

© ENCODE long RMAseq whole call - aconic signal [min:-1928 max:815 scale:-54..64] tagcount sum height Bk

TP

¢ Hybrid tracks: ZENBU enhanced visualization which allow for processed data to contain both genomic features

and multi-experiment expression data
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© Gencode gena V10 - ENCODE long RNAseq whole cell collated expression :: tagcount_rpkm [CIESE X ]
ENSTOO0003526 14,
ENST0000034055 ENSTOO000437850,1p ol
ENSTO000038580 ENS] 544680, | 0 ——————————— —1
ENST00000246551 B s,
ENS] FIT Ty E—
ENSTO0000262620 30— —1
© ENCODE long RMAseq whole cell - intron suppor :: tagoount Fdkd
© ENCODE long RNAseq whale cell - spectrum :: lagsount B kS
et x
O ENCODE long RMAseq whole cell - heatmap :: tagcount R

Browsing available Scripts from DEX

DEX also enable browsing thru available scripts.

Script searching can be performed using the search box and/or refined by collaboration

| data explorer h.-_.

| seripts

Search: search | [ clear | #01450ratie projact; | curated - RIKEN FANTON sxtornat
26 fitered 35 total scripts <cprevious page |Page: 12 |nextpsge>>  pagesize: |20
row name description create date accessed

This script performs the gridded genomic histogram binning for strandless expression data with subfesture structure. Primarily used with RNAseq,

1 Strandless Exonic expression sianal  longLong, ShortRNA to only collate expression signal only in non-gapped parts of the alignments. Useful when combined with display stles (express
with strandless), singletrack with coloring, experiment-heatmap with coloring.

two step script which first filters an expression data stream for coding signal by intersecting with known coding exans. Second step collates filtered  jessca severin-mix 35
expression under Entrez gene model boundaries. Sep 7

Jessica severin-mi

2 Entrez gene coding expression.i

niozs 2t myopenid GG,

3 Renamen elline Set name of expermients with its "enc:cell and “encicell_lineage” associated metadeta to facilate data exploration in glyph
I simple script which uses “refseq” and "all mRNA" exons to defined coding regions nd then to mask them out and pass through remaining expression  jesscaseve-mix B
\0n cogjog [l 25 non-coding signal. 8:12:44
short RNA reads clustering ;
5 ShoRNA Paraclu clustering neses 2t myepenk! [0 15
Works from primary mapping results, merge reads based on 10p overiap, clusters with Paraclu (cluster length < 200 and expression level > 30 reads)
—— § Uses GencodeV10 transcripts as template for expression collation. Only collstes expression for primary signal which falls on exons of GencodeVi0  ncoss st myopena et

6 G dev10 expression = 15
Sl et transcript models. o

7 simple script which uses "refseq" and "all MRNA" exons to defined coding regions and then to only allow overlapping expression signal to pass Jessica severin-mixi 15

through.

5 script which works on RiAseq gapped alignment data (usully loeded from BAM files) to calculate splice acceptor signal at Lbp resolution and Jesca severnemd c

visualize. "

o Strendless Experiment heatma; This script performs the gridded genamic histogram binning for strandless expression data with subfeature structure for use with the experiment- ncoas at myopenia 8],
pseudo-l heztmap visualization option. Expression levels are rescaled 2s pseuda-iog10 S
Strandless-protocol RNAseq collated - 2

[ [ e Uses GencodeV10 transcripts as template for expression collation. Only collates expression for primary signal which falls on exons of GencodeVi0 coas s mcpena [

normalized pseudo-log2 [meciptimodds

DEX script tab lists for each script:

* A concise title
* A description, detailing the purpose, thought input and output of the script
* The date it was created date and it's owner

¢ The number of time the script has been sed

Modification of the metadata or collaboration the script belong to can be done via DEX by clicking on the script's

name or the edit button.

Script editing can be done via the richer gLyphs interface, either from scratch or by modifying an existing script.

Stream Processing script
salect p ing mode: | custom XML script

v

...... <track_defaulis g5 olor="fire{" I
<cuiatmern nome="goncodet
<source id="071B7748-1450-4CE2-02CB-TES13AB1 280919 Fealur
</datastream=

<overlap_mode=height</ioverlap_modes
=skip_empty_templates=false</skip_emply_templates>
<expression_mode>sum</expressicn_mode>

<overlap s>true<ioveriap_s
<ignore_strand>false<lignore_strand>
<side_stream>

Stream Processing script
salact processing mode: | predefined script +]

name: GencodeV10 expression

description: Uses GencodeV10 transcripts as template for expression collation. Only
collates exprassion for primary signal which falls on exonzs of GencodeV10
transcript models.

script uuid:

| edit script |
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Data Explorer Interface

Changing collaborations and editing metadata from DEX

Details about how to edit metadata can be found in the metadata editing section.
In short, metadata editing from dex is available either :
By clicking on the name/title of the View, Track, Annotation, Experiment or Script

* Views' metadata look up example
(in this example, edition is not allowed this we are not its creator)

nicolas at myopenid | Sian out

RIKEN 0SC ‘
| ZENBU | _glyphs genome browser [l g I

Views

Search: | search || clear | collaborative project:  all

RIKEN
Omics Science Center

Otracks Oexperiments 0 annotation sources

visualize || download |[ clear ]

genome:| all assemblies
219 filtered 219 total configs e |Page: 123456789.. 11 |nextpage>>  pagesize: 20

row view genome description createdate  accessed
Collection of FANTOM< promoter annotations, CAGE TSS expression signal,
ChIP-chip signal, qRT-PCR ThP1 expression timecourse, Tilumina hgév2 jessica severinmi

R T ) ET R microarmay expression experiments including SiRNA knockdowns and THP-1 PMA  Tue Sep 25 16:49:49 2012 204
stimulation time course experiments. Mapped onto human hg18 assembly.
Collection of FANTOM promoter annotations, CAGE TSS expression signal,
ChIP-chip signal, qRT-PCR ThP1 expression timecourse, Illumina hgévz jessica severin-mix

O e ) E R microarmay expression experiments indluding siRNA knockdowns and THP-1 PMA  Mon Jun 28 14:55:05 2010 344
stimulation time course experiments. Mapped onto human hg18 assembly.

i Mouse mm8 assembly with FANTOM3 CAGE data, and deepCAGE hippocampus  jessica severin-mixi
e g Rt datasets. showing tissue spedific promoter differenca In the gelsolin GSN gene.  Th May 10 14:03:15 2012 20
- entry point: annatation, NCig10007, NCHi10000, NChi10010 clusters, with SNPs

4 vewmd 010 Wed Sen 07 09 2011 JST 10 59,4 2SO Repeatiaser the gene box s closed by default because It does not Toe Sep 13 17:59:15 2011 295
auto-update anyway
basic configuration of common annotation tracks for multiple species (human I

5 view hgl8  dex template.l hg18, mouse mm, rat m4). Tracks mix across the species, but only e oy 244
species/assembly matching coordinate system returns data. - B

6 view hgl8 Kanamori-Katayama et al, 2011.2 materials for Ks i-Katayama et al, 2011. )rff?;gr:rclzr:?‘y; 2011 216

Collection of FANTOM4 pmmoter annmations, CAGE TSS expression sig nal,
Or
Using the dedicated edit button located in the column listing the data ownership & date created/uploaded

Note that only owner of the Views, Tracks, Annotation, Experiments or Script can freely edit its metadata.

* Scripts' metadata editing example

(in this example, being the creator of the script allows to edit its metadata)

Ny o e | : —

| | | Scripts

Search: | search | | clear | collaborative project: | private
3 filtered 15 total scripts << previous page | Page: 1 | next page >> page size: |20
row name description create date accessed

nicolas at myopenid |edit

) Lbp-fixed grid histogram binning E : 2
Tue Apr 10 11:45:26 2012
las at id [T edit
5 — nicalas at myopenid e 0
—— Mon May 21 11:28:40 2012

las at dit
3 unique features g &di 5
Tue Apr 10 1L#6%50 2012
3 filtered 15 total scripts << previous page | Page: 1 | next page >>

RIKEN OMICS Science Center (OSC) RIKEN Yokohama Institute: ZENBU 25.1 Copyright © 2003-2011 RIKEN, Japan. All rights reserved.

DEX is also the interface with which owner of a View, Track or Script can alter the associated collaboration (for

example moving it from "private" and sharing it with a collaborartion).

Edit your own copy of a View, Track or Script

It is always possible and very easy, via the gLyphs interface, to make a copy of any Views, Tracks or Scripts.

This copy being under your name it is then simple to freely edit its metadata as you see fit.

References

[1] http://en.wikipedia.org/wiki/Intersection_(set_theory)
[2] http://en.wikipedia.org/wiki/Union_(set_theory)



http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:DEX-view.1.png
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:DEX-view.1.2.png
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:DEX-script.1.png
http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:DEX-script.2.png
http://en.wikipedia.org/wiki/Intersection_(set_theory)
http://en.wikipedia.org/wiki/Union_(set_theory)

Metadata searching

43

Metadata searching

One of the primary systems in ZENBU is that of metadata and metadata searching.

Search is modeled on the google/yahoo approach of prefix-based multiple-keyword searching. ZENBU also provides

additional logic elements to fine tune one's queries.

* and : by default space separating keywords in a search is interpreted as an and operation. This operates in the
same way as set intersection [1]

* or : is used for combining queries in the same way as set unioning [2]

* not <keyword or ()phrase> : will exclude any items which match the phrase for the results. For example "not
spliced" will return experiments which do not have the keyword spliced.

* !:short hand for not

* () : nesting of parenthesis logic are supported.

It is good practice to always give a good description when saving configurations (view/track/script) or uploading
data. ZENBU performs automatic keyword extraction from all metadata providing a wealth of ways to search the

system.

Here is a complex example searching the Encode hg19 datasets in the Data Explorer experiment interface section.

encode hgl9 (rnaseq hepg2 !spliced) or (chip-seq)

http:/ / fantom. gsc. riken. ip/ zenbu/ dex/
#section=Experiments;search=encode%20hg19%20(rnaseq%20hepg2%?20!spliced)%200r%20(chip-seq)

Other general comments to help users with searching:

» If a search is performed with too many terms, it may fail to return any results. This is the same behavior that
google or yahoo has.

* keywords are generally extracted from free-form metadata like names and descriptions but also controlled
metadata like the genome assembly, controlled vocabulary, and ontology metadata.

» for OSCtable files, keywords are extracted from the ParameterValue and ExperimentMetadata sections.

* any metadata added into the system via the Metadata editing system becomes immediately available for searching



http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=DataModel%23Metadata
http://en.wikipedia.org/wiki/Intersection_(set_theory)
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Metadata editing

Metadata editing

The metadata system is available in nearly every panel of the ZENBU interface. When a user mouses-over an item,
the system will give a small info popup panel. If the user then clicks that item, a full metadata panel will appears.
This functionality is available in all panels of the Data explorer interface, the User system my data panel, the

Experiment Expression panel and the new track configuration building panel.

If the currently logged in user is the creator/owner of the configuration (view/track/script) or the person who

uploaded a data source, they are allowed to edit the metadata of that entity.

Here is an example of editing the metadata of a view configuration from the Data Explorer interface.

row view name genome descript
1 VIEW mm Lol toct i il = PR = O [ N S 5 it ) ot DRlE doi 'Ioad
el IMS encode test.4
_ JM ==DB_glyphe_configs config
2 view E uploaded by: https:/fid mixi jp/28666316 load
test view of the wgEncedeCshlShortRnaSeq encode shortRMNA data loaded from BAM. nice region. lnad
3 view g added paraclu clustering and filtering weral
n keyword: ancodex, jmsx, test 4x, testk, addedx, bamx, clusteringx, datax, encodex, filteringx,
: M koadedx, nicex, paraclux, regionx, shortrnax, testx, viewx, wgencodecshishortmasegx
4 view tel eedb:assembly_name: hg19 Inad
= | uuid: cuAFPWBFilSARSHIVhyRH=xB
M configname: JMS ancode test.dx load
5 view > date: Mon Mar 26 19:00:57 2012 wveral
te] Server_Namea: fantom46 gsc riken jpx
Http_Hest: faniom46 gsc.riken. jpx
" IM server Port: 80x
6 view ] =TS load
— 12| Server_Software: Apache/2.2.3 (Red Hatjx
Server_Protocol: HTTP/M Ax ]
) 1M CGI_Rewision: CGIM.1x
7 view te| browser: Opera/9.80 (Macintosh; Intel Mac OS X 10.6.8; U en) Presto/2.10.229 Version/11.61x wveral
~ | REMOTE_ADDR: 134 16084 88
o . s
o 1ty (add'new metadara’)
B wview E load
B filtered 8 to save metadata changes =m!

e ijtems with a red X can be deleted
* items in blue when clicked on can be changed
¢ new metadata items can be added

* to cancel your edits, simply close the panel with the button in the upper right of the panel

row select category name genome count
! ADNP_IRX_SIX ZHX.pl TFBS q— - Regulon mc
e Ly TFBS swissregulon sites alltogether ADNP_IRX_SIX_ZHX.p1 G
1 filtered 4219 total feature sources selectd .pwp iRy six_zHxo!
created by: hitps:/inicolzs-bartin. mycpenid.com/
sourcelD:
RIKEN OMICS Science Center (OSC) RIKEN Yool Ca

Running all SwissRegulon motifs together with MotEvo against mma genama

eedb:assembly_name: mm3
keyword: adnpx. againstx, allx, altogetherx, alltogether_adnp_irx_six_zhx.p1x, genomex. ing.
mmBx, motevex, motifsx, oscx, plx, runningx, sitesx, sixx, swissregulonx, tbsx, togethens, zhxx
eedb:name: TFBS swissregulon sites alltogather ADNP_IRX_SIX_ZHX.p1

filetype: oscx
genome_assembly: 1| add metadata:

| add new merady Tag: ||

Value:

| cancel || add |
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User Collaborations

Secured user profiles

ZENBU provide users with data security so that they can safely upload their data and share their data and
genome browser views with the specific collaborations of users that they trust. Users of the system can also save
and share tracks and processing scripts. It also provides access to their Download requests which they made from

the Track download interface of the Genome browser

User profiles and secured login is provided through cooperation with highly secured social networking sites like
yahoo, google or mixi via the OpenlD protcol [2]. This means that users of ZENBU do not need to remember

another password since ZENBU stores no passwords.

User profile creation

guest | Signin
RIKEN
. . . . Omics Science Center
Profile creation is a simple process of RIKEN 05C
) . ) ] ["ZENBU ™| “about | glyphs genome browser | data explorer (WO
selecting which social networking login
: Welcome to ZENBU : User Login
prOVIder one Wants to use for your ZENBU user login provides additional features not available with guest accounts
O ID f‘l 'd . U 11 b . iic;rggt:ztalgg:rgg ;g‘rm?&emh collaboration projects
pen pro e 1 entlty' sers wi c « private COH?\QUFBUDVEE not published to the general public
1 1 1 To login to ZENBU just click f the buttons below of favorits ider.
directed to that external site for login ¥ou i kb eken s thelogi poge of that prowklr pn hen sent ack 1 ZENBL,
f' t f th t 1 d Alternatively you can type in 2n OpenID from another provider to login.
conlirmation 1 €y are not already
. . COU‘ le YAHOO' YaHoO! 1x1 m enlD
logged in. ZENBU is never aware of it Eég‘e EIDGIAEE || F——— '.’!;“}v%&‘m‘,.m w{ﬁﬁmm
the user's password on that external OpenlID (or email for returning users) ( Continue )
Site After eXternal 10gin the user WIH RIKEN OMICS Science Center (OSC) RIKEN Yokohame Institute ZENBU 2,101 Copyright @ 2009-2011 RIKEN, Japan. All rights reserved.

be asked to confirm that it is OK to
allow ZENBU to use that OpenlD as an external profile. The user is then redirected back to ZENBU and their profile
is automatically created. Please complete the process by entering a nickname and your email address.

logging back into ZENBU

To re-login to the ZENBU system, simply either click the button for the same social networking provider, or enter
your email address into the box at the bottom of the login panel. Advanced users may also directly enter their
OpenID URL into this box for both profile creation and login.

User system interfaces

After logging into the ZENBU system, users have access to several interface panels to enable them to manage their

collaborations and data.



http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=Data_sharing_collaborations%23Sharing_data
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Data sharing collaborations

ZENBU provides for fine level control of who can have access to uploaded data through the concept of a

Collaboration.

While other genome browsers like UCSC and Ensembl provide for user upload of private data, and they may provide
a limited amount of data security, they do not provide any means of sharing that data with a limited group of other
scientists in a secured manner. Since Science is a collaboration process involving many people from PIs, to research
scientists, to technicians, to bioinformaticians, it makes sense to extend that collaboration process into the genome
browser. But of course prior to publication the data and any discoveries in it, must be kept secured.

With the concept of the Collaboration, users of ZENBU can select who they want to have access to which data. In
addition a user can create or be a member of more than one collaboration which reflects the how scientists often are

working on more than one project at the same time.

Creating Collaborations

All users of the system are allowed to create new collaborative projects. Collaborative projects can be useful not only
for sharing data and views with other users in the system, but also for managing your own data and projects like

folders on a desktop.
The process of creating a new collaboration is simple. In the User Profile system, make sure the collaborative
projects sub-menu is selected. At the top of the page one will see a button for creating a new collaboration.

Jessica severin-mixi | Sign out
RIKEN

RIKEN OSC Omics Science Center

collaborative projects

I - - 5\
| create new collaborative project |

_— # shared
row name description Loz members dbs SotUS

BRSO

Once pushed, the user is_ presented with a form to describe the collaboration. In addition the user can select if the
new collaboration will be publicly announced to all users of the system. Publicly announcing a collaboration simply
means that any user of the system can request to join the collaboration. The owner of the collaboration still has the
control to decide who can and who can not join the collaboration. Publicly announcing a collaboration does not mean
the data will be shared with the public.



http://fantom.gsc.riken.jp/zenbu/wiki/index.php?title=File:User-collaboration-create-button.png
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jessica severin-mixi | Sign out
RIKEN

Omics Science Center

RIKEN QSC

collaborative projects

Welcome to ZENBU : collaboration management

create new collaborative project:

] collaboration is publicly announced to all users. Each user request must still be approved by collaboration owner.
If not checked, the collaboration name is hidden and collaboration owner must send invitations to users.

Collzboration name: ¥YYY brain micro-dissection RNA profiling

please enter description of collaboration group

collaberation with XXX and YYY to collect brains samples via micro-dissection
for RWA profiling with next generation seguencers

4
(create new collaborative project:)
RIKEN OMICS Sclence Center {OSC) RIKEN Yokohama Institute ZENBU 2.3.3 Capyright @ 2009-2011 RIKEN, Japan. All rights reserved.

After creation the new collaboration will appear in the user's list of available collaborations. They can now share data

into this collaboration, save view/track/script configurations into this collaboration, and invite other users to join.

jessica.severin-myopenid | Sign out
RIKEN

Omics Science Center

RIKEN OSC

collaborative projects

( create new collaborative project )

# shared

row name description owner b Ao status
public sharing - ) ) ) L ;
collaboration for sharing public data and public views/tracks/scripts on B
E F R the external FANTOM ZENBU server. 3l 2 TEIED
external
— : owner -
L | r‘:;: r&(;“m- collaboration with XXX and YYY to collect brain samples via micro- jessica.severin-myopenid 1 0 private
pmssrflcinng dissection for RNA profiling with next generation sequencers, hitps: [jessica-severin.myopenid .com/ B
users
Molecular Networks of Dopaminergic Neurons in Chordates
i t
This research involves an in-depth study of dopaminergic neurons which . » B to join
Sl Rt are implicated in Parkinson's Disease (PD). hhps:{/Amchyc ney-plasy g T
See http://www.dopaminet.eu/ for mare information..
Ka . request
namori- iy ) i to join
4 ama_et_al_2011 Supplemental Materials for Kanamori-Katayama et al. 2011. hitps:/nicolas-bertin. myopenid .com/ o
ik
. This is an example collaboration for use in the ZENBU class to teach the ) e .
5 islll\lailégtfn example PTOCESS of user login, collaboration and data sharing. All data in the P;Lf;gm"ahm'mjDm"dnw”“dc”“ﬁ‘K"mEhPmusNDﬂn - 0 to join
Ple collaboration will be previously published datasets..
5 filtered 5 total system collaborations =< previous page | Page: 1 | nextpage >>

RIKEN OMICS Sclence Center {OSC) RIKEN Yokahama Institute ZENBU 233 Copyright € 2009-2011 RIKEN, Japan. Al rights reserved,
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Joining Collaborations / Inviting Users

Depending on if the collaboration was publicly announced or not the process of adding users to a collaboration is
different.

For publicly announced collaborations, all users of the system will see the collaboration in their list of collaborative
projects but they are not members which means they can not see the data in the collaboration nor can they share
things with the collaboration. To join a publicly announced collaboration the user clicks the request to join button.
The owner of the collaboration will then see this new user it the list of pending requests for the collaboration and
then decide if they wish to accept or reject that users. The user also has the option of ignoring the collaboration so
that it no longer appears in their collaborative projects list.

For private collaborations, the owner of the collaboration must explicitly invite users to join the collaboration. This
is done by entering the user OpenlID (not their email). If a correct OpenlID has been entered, the invited user will
appear in a list of outstanding invitations. The user who was invited, when they visit their collaborative projects

page, will see the invitation and then decide if they will accept or decline it.

Overall the process is similar to other social networking sites like the facebook 'friend request’ system.

Sharing data

After data has been uploaded it can be shared with specific collaboration projects. This provides a secured means for
only members of that collaboration to see the data. By focusing data sharing at a Collaboration level, it makes it
easier for many people to work together on a particular set of pre-publication data.

Sharing data is provided through the my data interface section. Prior to sharing data, the user must upload it into the

system. After uploading the new data sources will appear in the my data table and become available for sharing.

jessica.severin-myopenid | Sign out

RIKEN
Em i Omics Science Center
.‘: '.ll. glyphs genome bro
row dataset name dat ces g description upload date share delete
1 hgi%9 UCSC gencode W11 1 annotation sources hgig hg19 UCSC gencode V11 Wed May 16 15:37:21 2012 share delete
1 uploaded data sources == previous page | Page: 1 | next page >>
RIKEM OMICS Science Center {OSC) RIKEN Yokohama Institute ZENBU 2.3.3 Copyright © 2009-2011 RIKEN, Japan. All rights reserved.

Select the data source you want to share and click the share button. This will then popup a panel where the user can

select which collaboration(s) they wish to share the data with.

Jessica.severin-myopenid | Sign out

RIKEN
o OMics Science Center
.‘: -_-l. gLyphs genome bro
rowW dataset name datasources genome description upload date share delete
1 hgl9 UCSC gencode V11 1 annotation sources hgl9 hg19 UCSC gencode V11 ‘Wed May 16 15:37:21 2012 share delete
1 uploaded data sources == previous page | Page: 1 | next page ==
Share uploaded database : hg19 UCSC gencode Vi1 [ x]
RIKEN OMICS Sclence Center {( A inti # acti UIKEN, Japan. All rights reserved.
row name escription members 2ction
public sharing - . . . .
collaboration for sharing public data and public . ——
1 RIKENPANTOM  views/tracks/scripts on the external FANTOM ZENBU server. ey
YYY brain micro- collaboration with XXX and YYY to collect brain samples via
2 dissection RNA micro-dissection for RMA profiling with next generation 1 share
profiling seguencers.

After a data source has been shared with a collaboration, the panel will show the sharing
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Share uploaded database : hg19 UCSC gencode V11 o

[ g # -
rowW name description N — action

=

P collaboration for sharing public data and public

T RSN PANTOM  viewstracks/scripts on the external FANTOM ZENBU server. shasing
YYY brain micro-  collaboration with X2 and YYY to collect brain samples via
2 dissection RNA micro-dissection for RNA profiling with next generation 1 ("share |
profiling sequencers.
Public sharing

In addition to all user created collaborations, the ZENBU system provides a special collaboration called public
sharing which all users are automatically members. This collaboration is used for sharing configurations or data
with all users of the system, there by making the data public to the world. The public sharing collaboration is useful

for

 creating new views/tracks/scripts based on already published data
* loading publicly available data from other systems and databases

* sharing your newly published data with the world on the ZENBU system.
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Data Uploading

Data loading

ZENBU supports several files types for uploading primary data into the system. Since ZENBU provides built in data
processing capabilities, it is possible to upload data in a more raw or primary format. When data is loaded into the
system it is first translated into the internal ZENBU Data Model which allows the ZENBU system to manipulate

that data as genomic annotation, expression data, and descriptive metadata.

File formats

Since ZENBU can process data internally to create its visualization, it does not need to support many visualization
file formats, but instead can focus on just a few data interchange file formats which are commonly used for
bioinformatics analysis. The leading tools in bioinformatics these days are bedtools (BED files) and samtools
(BAM/SAM files) which makes BED and BAM the most important data interchange files. It is a benefit of ZENBU
that we only have a few file formats. It means that the bioinformatics pipelines that would feed into ZENBU only

need to worry about a handful for already common file formats.
The file types currently supported by ZENBU upload are:

* BAM & SAM sequence alignment files. These are the primary data files produced by sequence alignment and are
the starting point for next generation sequencing (DNA/RNA) based bioinformatics. ZENBU can work directly
with these files to create many different tracks. Since all information is available via BAM/SAM this is the
recommended format for loading your RNA/DNA sequencing data into ZENBU.

* BED annotation files. This is a general purpose genome annotation format which has become very commonly
used by bioinformaticians for genome coordinate data interchange. ZENBU can also interpret the BED score as
an expression value.

* GFF GFF2 GTF annotation files. This is another common genome annotation file format primarily used by
Ensembl and GBrowse.

* OSCtable. This is highly flexible tabbed-text table format which is compatible with Excel, R and any program
which can parse tabbed tables. OSCTable includes controlled vocabularly for column names and metadata to
allow ZENBU to automatically parse these files into the internal data model. Even most custom bioinformatics
analysis table output can be wrapped with an OSCTable header which can allow it to be loaded into ZENBU.

e Other tab delimited formats such as BED+n fields ( ENCODE BroadPeaks : BED6+3, ENCODE NarrowPeaks
: BED6+4) can easily be uploaded as OSCtable with a custom header to take advantage of the those additional n
fields

The ZENBU track data download system can export data in these file formats

¢ BED annotation files.

* GFF GFF2 GTF annotation files

* OSCtable.

e ZENBU XML. This is the native ZENBU XML data interchange format which contains the full data model
content.

* DAS XML. The XML interchange format used by the DAS system http://www.biodas.org/
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Secured data uploading

ZENBU provides for data loading throught the secured user profile system.
This guarantees that the data is only available to the specific users who should have access to it.
After a user has securely logged into the ZENBU system they can upload data for either private use or for sharing

with specific collaborations.

Jessica severin-mixi | Sign out
RIKEN

RIKEN 0SC Omics Science Center

.‘: ;-l..":'."r. glyphs genome browss

data upload

Welcome to ZENBU : data upload

Discizimer: Note that the data you are uploading might accidentally become avallzble to other users or guest users of this system,
‘We do not guarantes for the security or privacy of your data,

currently ZENBU supports BED (eep3, BEDs, BEDS, BEDL2), GFF/GFF2/GTF, and OSC files for upload.
Texted based files can be gzip (.gz) compressed prior to upload

File to upload: */Volumes/HD-HSU2 /data/ucsc_table_dumps/hgl9_gencode_ge ( Choose... )
file type: BED

[~ BED.score column has expression values

[ single-best-mapping expression

Count each line of file as expression of 1 and with out 'multi-mapping’ location normalization.

genome:| please select genome assembly |

Display name: hgl9 gencode gene
please enter description of data file

hgl9 gencode gene from UCSC

Upload

RIKEN OMICS Sclence Center {OSC) RIKEN Yokohama Institute ZENBU 2.101 Copyright © 2009-2011 RIKEN, Japan. All rights reserved.

Uploading of data with associated experiment/expression

UCSC genome browser or the IGV genome browser tie the data upload format to its visualization. For example in
UCSC, BED 1 files are always display as annotation and wig 2 files are always displayed as "wiggle" tracks. With
UCSC or IGV, all processing must be performed externally to the system prior to creating their visualization files.

In constrast, ZENBU offers greater flexibility : typical annotations containing files (ESTs, gene models, ...) in BED
format can be used to produce wiggle tracks or heatmaps, bam files can be displayed as annotations (so as to see
individual reads), etc...

Experiment expression data can be loaded via different means.
» as BED files

* BED file based data uploading offers the option to use the score column and assign its value to a specific
expression data type by clicking the [BED.score column has expression values] option and selecting the
datatype associated to those expression values.

» If the expression is simply a count of '1' for every feature (for example, used when loading mapped reads), then
one can use BED or GFF style files and simple check the [single-best-mapping expression] option.

* as OSCtable files

* ZENBU OSCtable parser is able to parse both tab-separated and space-separated files.

* OSCtables provide a rich set of control vocabulary to specify multiple experiments within a single file,
experiment metadata and multiple datatypes in multiple columns in the file.

* OSCtable based data uploading allows all possible mapping of data into the internal data model. It is possible
for the ZENBU OSCtable parser to have an extended vocabulary of metadata directives and column name

spaces. Details can be found in the OSCtable specifications page.
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BAM and SAM file support

SAM/BAM files are commonly produced by sequence alignment programs like BWA and TopHat. Most next
generation sequencing systems provide BAM alignments as the final output of their systems. ZENBU provides both
native BAM/SAM file support, and extended column namespace of the OSCtable format to allow 'wrapping' of SAM
files with an OSCtable header.

ZENBU interpretation of BAM alignments

Since BAM is an alignment file format, it is required for ZENBU to interpret these alignments into the ZENBU data
model. The ZENBU data model is composed of data sources (FeatureSource, Experiment), genomic location
information (Features), expression count data (Expression), and descriptive metadata. The BAM alignments are

mapped into the ZENBU system as follows:
e The genomic bounds of the alignment on the genome are mapped to the Feature genome locations.

* Currently the BAM CIGAR is not interpreted

* Each BAM alignment is given an expression of "1 tagcount". If sequences are aligned to a single location this is
an accurate interpretation. If the alignment program aligns to multi-locations, these sequence tags can be
over-represented.

¢ The BAM map quality (MAPQ) is mapped into both the Feature score and into an expression value of type
"mapquality"

* A single FeatureSource and Experiment are created for each BAM file

* The BAM header is parsed for descriptive metadata which is transferred into the FeatureSource and Experiment.
The following SAM/BAM header tags are parsed into ZENBU metadata

* ReadGroup ID => sam:id

* ReadGroup CN (SequencingCenter) => sam:center

* ReadGroup SM (sample) => sam:sample

* ReadGroup LB (library) => sam:library

* ReadGroup DS (description) => sam:description

* ReadGroup FO (flow order) => sam:flow_order

» ReadGroup PL (platform/technology) => sam:platform

* ReadGroup PI (predicted median insert size) => sam:predicted_insert_size
* ReadGroup PU (platform unit) => sam:platform_unit

* ReadGroup KS (key sequence) => sam:key_sequence

* ReadGroup DT (date of production) => sam:production_date
* ReadGroup PG (processing program) => sam:program
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Future extensions

In the future we hope to extend the ZENBU interpretation of the BAM alignments. These future extension will not
require reloading of data since the BAM files are retained in their original form and interpretation is performed

on-demand at query time.

SAM as OSCtable header

Since SAM files are tab-separated text files, it is possible to represent them with an OSCtable column header line
using the ZENBU extended column namespace and load them directly into the ZENBU system.

eedb:name eedb:sam_flag eedb:chrom eedb:start.lbase
eedb:score eedb:sam_cigar sam:mrnm sam:mpos

sam:isize eedb:seqgread sam:qual eedb:sam_opt

SAM specification

The official SAM/BAM specification is available here http://samtools.sourceforge.net/SAM1.pdf

BED file support

BED files are a common interchange format for genomic annotations. BED lines have three required fields and nine
additional optional fields. The number of fields per line must be consistent throughout any single set of data in an
annotation track. The order of the optional fields is binding: lower-numbered fields must always be populated if
higher-numbered fields are used.

The 12 BED columns are labeled as follows:

1. chrom - The name of the chromosome (e.g. chr3, chrY, chr2_random) or scaffold (e.g. scaffold10671).
2. chromStart - The starting position of the feature in the chromosome or scaffold. The first base in a chromosome
is numbered 0.

3. chromEnd - The ending position of the feature in the chromosome or scaffold. The chromEnd base is not
included in the display of the feature. For example, the first 100 bases of a chromosome are defined as
chromStart=0, chromEnd=100, and span the bases numbered 0-99.

. name - Defines the name of the BED line.

. score - A score between 0 and 1000.

. strand - Defines the strand - either '+' or '-'.

~N O B

. thickStart - The starting position at which the feature is drawn thickly (for example, the start codon in gene
displays).

8. thickEnd - The ending position at which the feature is drawn thickly (for example, the stop codon in gene
displays).

9. itemRgb - An RGB value of the form R,G,B (e.g. 255,0,0). If the track line itemRgb attribute is set to "On", this
RBG value will determine the display color of the data contained in this BED line.

10. blockCount - The number of blocks (exons) in the BED line.

11. blockSizes - A comma-separated list of the block sizes. The number of items in this list should correspond to
blockCount.

12. blockStarts - A comma-separated list of block starts. All of the blockStart positions should be calculated relative

to chromStart. The number of items in this list should correspond to blockCount.
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ZENBU interpretation of BED files
The BED file format easily maps into the ZENBU data model.

* chrom, chromStart, chromEnd, strand are directly interpreted as genomic coordinates. It should be noted that
BED files are in a zero-exclusive coordinate space, while ZENBU uses a 1-based-inclusive coordinate space.
ZENBU automatically handles the conversion between coordinate spaces.

* name is stored in the ZENBU Feature name

* score is stored in the Feature significance. On data uploading there is an option to copy the score into an
Expression value of a specified DataType.

¢ the three columns blockCount, blockSizes, blockStarts work together and are interpreted into SubFeatures on the
primary Feature. Each of these SubFeatures are created with a FeatureSource category of block. If these
columns generate SubFeatures then ZENBU can also interpret the thickStart and thickEnd columns as follows

* if thickStart is not equal to chromStart then the region from chromStart to thickStart is interpreted into a
SubFeature of category Sutr
* if thickEnd is not equal to chromEnd then the region from thickEnd to chromEnd is interpreted into a
SubFeature of category 3utr
* itemRGB allow manual coloring of features in tracks (loaded from bed12 or bed9 files). If the itemRgb column is
empty it is not inserted into the metadata of the features. To visualize the itemRGB metadata-stored color, make

sure the metadata is present and make sure "full_feature" is enabled for source outmode.

for example this BED line

chrb 137801180 137805004 NM_001964 0.00 s
137801451 137803770 0 2 576,2558 0,1265

is interpreted into the ZENBU data model (here displayed in a ZENBU XML export/interchange format)

<feature name="NM_001964" start="137801181" end="137805004"
strand="+" >
<chrom chr="chr5" asm="hgl9" ucsc_sm="hgl9" ncbi_asm="GRCh37"
taxon_1id="9606" length="180915260"/>
<featuresource category="refgene" name="UCSC_hgl9_refgene"
feature_count="35067"/>
<subfeatures count="4">
<feature category="5utr" start="137801181" end="137801451"
strand="+"/>
<feature category="block" start="137801181" end="137801757"
strand="+"/>
<feature category="block" start="137802446" end="137805004"
strand="+"/>
<feature category="3utr" start="137803770" end="137805004"
strand="+"/>
</subfeatures>

</feature>
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BED as OSCtable header

BED files can easily be represented with an OSCtable column header line using the ZENBU extended column

namespace.

eedb:chrom eedb:start.0Obase eedb:end eedb:name
eedb:score eedb:strand eedb:bed_thickstart
eedb:bed_thickend bed:itemRgb eedb:bed_block_count
eedb:bed_block_sizes eedb:bed_block_starts

BED specification

The official BED specification is available here http://genome.ucsc.edu/FAQ/FAQformat.html#format1

GFF and GTF file support

The GFF (General Feature Format) format consists of one line per feature, each containing 9 columns of data, plus

optional track definition lines. The following documentation is based on the Version 2 specifications.
The GTF (General Transfer Format) is identical to GFF version 2.

ZENBU currently provides support for parsing GFF, GFF2 and GTF files. GFF3 support will be provided in the

future.

Fields

Fields must be tab-separated. Also, all but the final field in each feature line must contain a value; "empty" columns
should be denoted with a "'

seqname - name of the chromosome or scaffold; chromosome names can be given with or without the 'chr' prefix.
source - name of the program that generated this feature, or the data source (database or project name)

feature - feature type name, e.g. Gene, Variation, Similarity

start - Start position of the feature, with sequence numbering starting at 1.

end - End position of the feature, with sequence numbering starting at 1.

score - A floating point value.

strand - defined as + (forward) or - (reverse).

frame - One of '0', '1' or '2'. '0" indicates that the first base of the feature is the first base of a codon, '1' that the

® NN kW

second base is the first base of a codon, and so on..
9. attribute - A semicolon-separated list of tag-value pairs, providing additional information about each feature.

Format is tag=value or tag <space> value.

Sample GFF output from Ensembl export:

X Ensembl Repeat 2419108 2419128 42 5 5 hid=trf; hstart=1; hend=21

X Ensembl Repeat 2419108 2419410 2502 = . hid=AluSx; hstart=1; hend=303

X Ensembl Repeat 2419108 2419128 0 . . hid=dust; hstart=2419108; hend=2419128
X Ensembl Pred.trans. 2416676 2418760 450.19 = 2 genscan=GENSCAN00000019335
X Ensembl Variation 2413425 2413425 ° +

X Ensembl Variation 2413805 2413805 o A
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ZENBU interpretation of GFF / GTF files

The GFF/GTF file format easily maps into the ZENBU data model. Both ZENBU and GFF use a 1base-exclusive

coordinate system so there is adjust between coordinate spaces.

* segname : is mapped to Feature chromosome

* source : is not interpreted but simply stored as metadata on the Feature with the tag gff:source

* feature is interpreted as a FeatureSources category multiplexer. This allows a complex GFF file with many
different feature / category types to be organized into separate ZENBU FeatureSources after loading.

» start : is Feature chrom_start 1base-exclusive coordinate system

e end : is Feature chrom_end

* score is stored in the Feature significance. On data uploading there is an option to copy the score into an
Expression value of a specified DataType.

* strand : is Feature strand

* frame : is not interpreted but simply stored as metadata on the Feature

* attributes : is parsed into Metadata attached to the Feature with the exception of a few special tags mostly
derived from the GFF3 [1] format extention

* ID=is used for feature/subfeature linking, not stored into metadata.
* Parent= to used for feature/subfeature linking. not stored into metadata.

¢ Name= is stored as the name of the Feature, not stored into metadata.

GFF as OSCtable header

GFF files can easily be represented with an OSCtable column header line using the ZENBU extended column

namespace.

eedb:chrom gff:source eedb: fsrc_category
eedb:start.lbase eedb:end eedb:score eedb:strand
gff:frame gff:attributes

The gff:attributes column has a complete ZENBU parser attached to it. The parser can interpret this column in
either the older GFF/GTF tag<space>value format or the GFF2/GFF3 style tag=value format. In the future, this
gff-attributes parser will be expanded to parse the special GFF3 specification tags for 'feature names' and the GFF3
style of storing feature/subfeature relationships. Currently all data in the gff:attributes is parsed into metadata of the
Feature.

gff:source and gff:frame are currently not interpreted but simply stored as Metadata.

GFF GTF specifications

For more information about this file format, see the documentation on these external websites.
http://asia.ensembl.org/info/website/upload/gff.html
http://www.sanger.ac.uk/resources/software/gff/spec.html
http://www.sequenceontology.org/gff3.shtml
http://genome.ucsc.edu/FAQ/FAQformat#format4
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OSCtable

OSCtablel.1 specification

Basic structure

* A simple tabdelimited text file.

¢ Column order is flexible

* Lines starting with '#' are comments.

* Lines starting with '##' are attributes or metadata of the table. (See Metadata section below)

¢ The first line after the comments/metadata (see below) is a header line, which indicate column names of the table.

¢ All the comment and attribute lines should appear above the header line

* The first column should describe a 'key' (unique in many cases, but not necessarily) of the data, and the column
name should be 'id'

» If a cell needs to include multiple values, comma(',') is recommended to be used as a separator.

¢ All the columns should be described in Metadata (See 'Metadata' section below)

Metadata ('##' lines)

The basic structure is '##qualifier = value'.
Required metadata: FileFormat, Date, ProtocolREF, ColumnVariable, ContactName, ContactEmail

'genome_assembly' for parameter value is required, when using

##NameSpace=genomic_coordinate

Required (mandatory) metadata

* FileFormat -- describes file format of this file.
##FileFormat = OSCtablel.1

* Date -- describes the date when the data file is generated
##Date = 20090602

* ProtocolREF -- describes the protocol used to generate the data file.
##ProtocolREF = CAGEmappingv1.0

* ColumnVariable -- describes ALL the columns used in the data file

##ColumnVariable[start] = this is a start position of the genomic coordinate
##ColumnVariable[end] = this is a stop position of the genomic coordinate
##ColumnVariable[norm. THP10h] = this is TPM normalized value with 10h
##ColumnVariable[entrez_gene_id] = Entrez gene ID, which is assigned to the cluster

¢ ContactName -- describes the contact name about the data file.
##ContactName = Hideya Kawaji
¢ ContactEmail -- describes the contact address about the data file

##ContactEmai = kawaji @gsc.riken.jp
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Optional metadata
* InputFile -- describes the file(s) used to generate the data file

##InputFile = lanel .fa
##InputFile = lane2.fa

* ParameterValue -- describes the parameter(s) used to generate the data file in the protocol. The parameter(s)
should be consistent with the protocol description

##ParameterValue[alignment_program] = BWA
##ParameterValue[aligment_program_version] = 1.3.5
##ParameterValue[UCSC_gene_tracks] = RefSeq
##ParameterValue[UCSC_gene_tracks] = ENSEMBL transcript

* NameSpace -- describes the name space for the column names. See below (NameSpace)

##NameSpace=genomic_coordinate
##NameSpace=expression

Column Name Spaces

* A set of column names (and parameters) to be used for a specific purpose or context.
* The same column names with the same name space are recognized as the same (equivalent) meaning.

* Supported name space: genomic_coordinate, expression

genomic_coordinate

e column names are: chrom, start.Obase, start.1base, end, strand

e parameter value: genome_assembly

e chrom: chromosome name used in the genome assembly. For example, chrl, chr2, chr3, ... chrM for the UCSC
hg18 genome assembly.

 start.Obase: start position (bp) on the chromosome in Ostart coordinate system (BED, PSL, BLAT, exonerate,
and nexAlign style)

* start.1base: start position (bp) on the chromosome in 1start coordinate system (conventional coordinate system;
adopted in GFF as well)

* end: end position (bp) on the chromosome

 strand: strand on the chromosome; optional

* Note:

* All of the above columns are not necessarily required. For example, start.0base would not be required if you
have start.1base, and strand would not be required if the annotation do not have strand distinction

¢ 'genome_assembly' for parameter value is required.

expression
e generic expression tags -- column names follow the form : exp.YYY.ZZZ, raw.ZZZ, norm.ZZZ, or mapcount

* exp.YYY.ZZZ is the general form for describing an expression column. YYY labels the DataType of the
expression and should not include any dot (.) characters. ZZZ indicates the name of the Experiment source of
the expression.

e raw.ZZZ is shorthand for exp.raw.ZZZ where raw is a datatype for un-processed values of expression such as
raw_counts and raw signal intensities.

* norm.ZZZ is shorthand for exp.norm.ZZZ where norm is a datatype for normalized value.

* mapcount specifies the number of locations where this element has been mapped onto the genome.
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ZENBU interpretation of OSCtable files

OSCtable is one of the main interchange formats for ZENBU. It allows all possible mapping of data into the ZENBU
data model. Since the OSCtable specification is highly flexible, it was possible for the ZENBU OSCtable parser to
have an extended vocabulary of metadata directives and column name spaces. In addition, the ZENBU OSCtable

parser is able to parse both tab-separated and space-separated files.

Metadata

While the official OSCtable specification include mandatory metadata elements, the ZENBU OSCtable parser
relaxes this requirement. All ## metadata lines are parsed as optional metadata. Even ##ColumnVariable[] directives

are consider as optional metadata. The only requirement for a valid OSCtable for ZENBU is the column header line.
The primary ## Metadata syntax used by ZENBU are the

##ParameterValue[key] = value
##ColumnVariable[col_name] = description

##key = value

Experiment metadata

The original OSCtable specification works very well with single experiment data files, but does not provide enough
fine control of assigning metadata in a multi-experiment data file. To alleviate this, ZENBU added an additional

metadata directive to the OSCtable specification
* #iExperimentMetadata[experiment-name][key] = value

experiment-name is the same as the ZZZ in the expression column header descriptions. By referencing to the

experiment-name it is possible to have the same experiment used in multiple columns with different datatypes.

Example (please note that the text is wrapped below for display)

##ParametervValue[filetype] = osc

##ParameterValue [genome] = mm9

##ColumnVariable[eedb:chrom] = chromosome name
##ColumnVariable[eedb:start.0Obase] = chromosome start in Obase

coordinate system

##ColumnVariable[eedb:end] = chromosome end
##ColumnVariable[eedb:strand] = chromosome strand
##ColumnVariable[eedb:score] = score or significance of the feature

##ColumnVariable [exp.tagcount .Mouse_Embryoid_Body_RNAseq_exonic] =
tagcount Mouse_Embryoid_Body_RNAseq_exonic
##ExperimentMetadata[Mouse_Embryoid_Body_RNAseq _exonic] [eedb:display_name]
= Mouse_Embryoid_Body_RNAseq_exonic
##ExperimentMetadata[Mouse_Embryoid_Body_RNAseq_exonic] [eedb:platform]
= SQRL_RNAseq
##ExperimentMetadata[Mouse_Embryoid_Body_RNAseq_exonic] [description] =
This is the exon junction signal for RNAseqg of Mouse Embryoid body
cells after 4 days of differentiation to the 'primitive streak stage'
(see PMID:17286599 , and should contain expression of brachyury, mixll,
tbx6, and flkl) carried out at the IMB on Applied Biosystems SOLiD

system (PMID: 18516046). Mouse strain: SV129. Mapping: published
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version.
##ExperimentMetadata[Mouse_Embryoid_Body_RNAseq_exonic] [strain] = SV129
##ExperimentMetadata[Mouse_Embryoid_Body_RNAseq_exonic] [tissue] = Mouse

Embryoid body

##ColumnVariable [exp.tagcount .Mouse_Embryonic_Stem_Cell_RNAseq _exonic_signall]

= tagcount Mouse_Embryonic_Stem_Cell RNAseq_exonic_signal
##ExperimentMetadata[Mouse_Embryonic_Stem_Cell_RNAseq exonic_signal] [eedb:display_name]
= Mouse_Embryonic_Stem_Cell_RNAseq exonic_signal
##ExperimentMetadata[Mouse_Embryonic_Stem_Cell_RNAseq exonic_signal] [eedb:platform]
= SORL_RNAseqg
##ExperimentMetadata[Mouse_Embryonic_Stem_Cell_RNAseq exonic_signal] [description]

= Description: This is the exonic signal for RNAseq of Mouse Embryonic

Stem Cells carried out at the IMB on Applied Biosystems SOLiD system

(PMID: 18516046) . Mouse strain: SV129. Mapping: published version
##ExperimentMetadata[Mouse_Embryonic_Stem_Cell_RNAseq exonic_signal] [strain]

= SV129
##ExperimentMetadata[Mouse_Embryonic_Stem_Cell_RNAseq exonic_signal] [tissue]

= Mouse Embryonic Stem Cells
eedb:chrom eedb:start.Obase eedb:end eedb:name
eedb:score eedb:strand
exp.tagcount .Mouse_Embryoid_Body_RNAseq_exonic
exp.tagcount .Mouse_Embryonic_Stem_Cell_ RNAseq_exonic_signal
exp.tpm.Mouse_Embryoid_Body_RNAseqg_exonic

exp.tpm.Mouse_Embryonic_Stem_Cell RNAseqg exonic_signal

chr?7 52253690 52253691 block_chr7:52253691..52253691+
186.00 + 84.00 102.00 8.40 10.20

chr?7 52253691 52253692 block_chr7:52253692..52253692+
184.00 + 83.00 101.00 8.30 10.10

chr?7 52253692 52253693 block_chr7:52253693..52253693+
185.00 + 83.00 102.00 8.30 10.20

chr?7 52253693 52253694 block_chr7:52253694..52253694+
180.00 + 81.00 99.00 8.10 9.90

chr?7 52253694 52253695 block_chr7:52253695..52253695+
174.00 + 77.00 97.00 7.70 9.70

Column name spaces

This section is in reference to the names of columns in the header line. ZENBU does not parse the ##Namespace
metadata directive but instead uses a controlled vocabulary of column names for interpreting the data and mapping it
into the ZENBU DataModel.

official OSCtable column names

The official OSCtable specification has very few predefined column names, but all are understood by ZENBU and

easily mapped onto the Feature

e chrom -- chromosome name

 start.Obase -- chromosome start in a Obase coordinate system
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start.1base -- chromosome start in a 1base coordinate system

end -- chromosome end location

strand -- chromosome strand

ID -- interpreted as the name of the Feature

exp.YYY.ZZ7 -- interpreted as expression value of datatype YYY for experiment named ZZZ
raw.ZZZ -- interpreted as expression value of datatype raw for experiment named ZZZ

norm.ZZZ -- interpreted as expression value of datatype norm for experiment named ZZZ

While ZENBU uses a 1-based-inclusive coordinate space internally, it can automatically handle the conversion

between coordinate spaces at load time and when exporting data out of the system.

ZENBU additional column namespaces

eedb:name -- the name of the Feature

eedb:score -- is stored in the Feature significance.
eedb:bed_block_count -- are taken from the BED file specification.
eedb:bed_block_sizes -- are taken from the BED file specification.
eedb:bed_block_starts -- are taken from the BED file specification.

¢ These three columns work together and are interpreted into SubFeatures on the primary Feature. Each of these
SubFeatures are created with a FeatureSource category of block.

eedb:bed_thickstart

eedb:bed_thickend -- are taken from the BED file specification.

* if eedb:bed_thickstart is not equal to start then the region from start to bed:thickStart is interpreted into a
SubFeature of category Sutr

* if eedb:bed_thickend is not equal to end then the region from bed:thickEnd to end is interpreted into a
SubFeature of category 3utr

bed:itemRgb -- bed file style rgb color stored as Feature Metadata

eedb:genome -- if specified in a column, this allows data from multiple-genomes within the same OSCtable file

eedb:fsrc_category -- causes creation of multiple FeatureSources from a single OSCtable file using the value of

this column as different categories

eedb:sam_flag -- ZENBU parses strand out of the SAM file flag column.

eedb:sam_cigar -- can be parsed into chrom_end and subfeatures

eedb:sam_opt

glf:attributes -- GFF2/GFF3 style tag=value; data with extended support for feature/subfeature linking

eedb:ctg_cigar -- a ZENBU specific extension of the cigar concept allowing multiple overlapping subfeature

layers with different FeatureSource categories.

* example eedb:ctg_cigar -- 3utr:4738N415M,5utr:375M,block:404M1628N769M 1377N977TM

Aliased column names

Several column names have aliases to other column name spaces

name -- same as eedb:name

score -- same as eedb:score
eedb::chrom -- same as chrom
eedb:start.Obase -- same as start.Obase
eedb:start. I base -- same as start. I base
eedb:end -- same as end'

eedb:strand -- same as strand

eedb:mapcount -- same as mapcount
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* eedb:significance -- same as eedb:score

ignoring columns

The OSCtable allows for easy wrapping of any tab-texted file into an OSCtable by simply pre-pending a header with
the appropriate column names. But sometimes these original files contain columns which one might not really need.

To simplify the process of loading, ZENBU added a special column-name
* ignore.xxxx -- ignore this column, where xxxx would be the original column name

If a column is labeled as such, on loading this column will be stripped from the data file and thrown away. This can

]

simplify the process for bioinformatician and avoid un-needed data-scripting to munge data i prior to loading.

feature metadata columns

Any column with an unknown name is mapped into the Metadata of the Feature. The column name becomes the key

of the metadata.

Wrapping external file formats with OSCtable headers

With the extended vocabulary of the ZENBU OSCtable parser, it is possible to wrap external file formats very easily
with an OSCtable header and load them into ZENBU. In fact the ZENBU upload support for BED, GTF and GFF

are done through wrapping predefined OSCtable column headers onto these files.

BED oscheader

Here is the column header line to wrap a BED file

eedb:chrom eedb:start.0Obase eedb:end eedb:name

eedb:score eedb:strand eedb:bed_thickstart

eedb:bed_thickend bed:itemRgb eedb:bed_block_count

eedb:bed_block_sizes eedb:bed_block_starts

GFF oscheader

GFF files can easily be represented with an OSCtable column header line using the ZENBU extended column
namespace.

eedb:chrom gff:source eedb:fsrc_category

eedb:start.lbase eedb:end eedb:score eedb:strand

gff:frame gff:attributes

The gff:attributes column has a complete ZENBU parser attached to it. The parser can interpret this column in
either the older GFF/GTF tag<space>value format or the GFF2/GFF3 style tag=value format. The gff:attributes
column can be used to store feature/subfeature relationships(GFF3 specification), the name of the feature(GFF2 &
GFF3), and all variable metadata of the Feature (original GFF specification)

gff:source and gff:frame are currently not interpreted but simply stored as Metadata.
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SAM oscheader

Here is the column header line to wrap a SAM file

eedb:name eedb:sam_flag eedb:chrom eedb:start.lbase
eedb:score eedb:sam_cigar sam:mrnm sam:mpos
sam:isize eedb:segread sam:qual eedb:sam_opt

ENCODE NarrowPeak oscheader

ENCODE narrowPeak (or Point-Source) format is used to provide called peaks of signal enrichment based on
pooled, normalized (interpreted) data. It is a BED6+4 format.

e chrom - Name of the chromosome (or contig, scaffold, etc.).

» chromStart - The starting position of the feature in the chromosome or scaffold. The first base in a chromosome is
numbered 0.

* chromEnd - The ending position of the feature in the chromosome or scaffold. The chromEnd base is not included
in the display of the feature. For example, the first 100 bases of a chromosome are defined as chromStart=0,
chromEnd=100, and span the bases numbered 0-99.

* name - Name given to a region (preferably unique). Use "." if no name is assigned.

* score - Indicates how dark the peak will be displayed in the browser (0-1000). If all scores were '0' when the data
were submitted to the DCC, the DCC assigned scores 1-1000 based on signal value. Ideally the average
signalValue per base spread is between 100-1000.

* strand - +/- to denote strand or orientation (whenever applicable). Use "." if no orientation is assigned.

» signalValue - Measurement of overall (usually, average) enrichment for the region.

* pValue - Measurement of statistical significance (-log10). Use -1 if no pValue is assigned.

* gValue - Measurement of statistical significance using false discovery rate (-log10). Use -1 if no qValue is
assigned.

* peak - Point-source called for this peak; 0-based offset from chromStart. Use -1 if no point-source called.

Here is an example of narrowPeak format:

track type=narrowPeak visibility=3 db=hgl9 name="nPk" description="ENCODE narrowPeak Example"
browser position chrl:9356000-9365000

chrl 9356548 9356648 . 0 o 182 5.0945 -1 50
chrl 9358722 9358822 . 0 o 91 4.6052 -1 40
chrl 9361082 9361182 . 0 o 182 9.2103 -1 75

To wrap ENCODE broadPeak (or Regions) file formats very easily with an OSCtable header and load them into
ZENBU, the OSC header should be

##ParameterValue[filetype] = osc
##ParametervValue[display_name] =
<THE-DISAPLY-NAME-TO-BE-EDITED-HERE>
##ExperimentMetadatal[x] [eedb:display_name] =
<THE-DISPLAY-NAME-TO-BE-EDITED-HERE>

##ColumnVariable[eedb:chrom] = chromosome name
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##ColumnVariable[eedb:start.Obase] = chromosome start in Obase

coordinate system

##ColumnVariable[eedb:end] = chromosome end
##ColumnVariable[eedb:strand] = chromosome strand
##ColumnVariable[eedb:score] = score or significance of the feature
##ColumnVariable[exp.signal.x] = measurement of overall (usually,

average) enrichment for the region
##ColumnVariable[exp.gvalue.x] = measurement of statistical
significance using false discovery rate (-loglQO). Use -1 if no gValue

is assigned

##ColumnVariable[exp.pvalue.x] = measurement of statistical
significance (-logl0). Use -1 if no pValue is assigned
##ColumnVariable [point_source] = point-source called for this peak;

O-based offset from chromStart. Use -1 if no point-source called

eedb:chrom eedb:start.0Obase eedb:end eedb:name
eedb:score eedb:strand exp.signal.x exp.pvalue.x
exp.gvalue.x point_source

Upon data loading, leave the ''display name'' textbox empty so has to not overwrite the one available from the

OSCtable (and keep the featureSource name and ExpreimentSource names in sync)

ENCODE BroadPeak oscheader

ENCODE broadPeak (or Regions) format is used to provide called regions of signal enrichment based on pooled,

normalized (interpreted) data. It is a BED 6+3 format.

e chrom - Name of the chromosome (or contig, scaffold, etc.).

» chromStart - The starting position of the feature in the chromosome or scaffold. The first base in a chromosome is
numbered O.

* chromEnd - The ending position of the feature in the chromosome or scaffold. The chromEnd base is not included
in the display of the feature. For example, the first 100 bases of a chromosome are defined as chromStart=0,
chromEnd=100, and span the bases numbered 0-99. If all scores were '0' when the data were submitted to the
DCC, the DCC assigned scores 1-1000 based on signal value. Ideally the average signalValue per base spread is
between 100-1000.

* name - Name given to a region (preferably unique). Use '." if no name is assigned.

* score - Indicates how dark the peak will be displayed in the browser (0-1000).

* strand - +/- to denote strand or orientation (whenever applicable). Use "." if no orientation is assigned.

* signalValue - Measurement of overall (usually, average) enrichment for the region.

* pValue - Measurement of statistical significance (-log10). Use -1 if no pValue is assigned.

* gValue - Measurement of statistical significance using false discovery rate (-log10). Use -1 if no qValue is

assigned.

Here is an example of broadPeak format:

track type=broadPeak visibility=3 db=hgl9 name="bPk" description="ENCODE broadPeak Example"
browser position chrl:798200-800700

chrl 798256 798454 . 116 . 4.89716 3.70716 -1

chrl 799435 799507 . 103 . 2.46426 1.54117 -1

chrl 800141 800596 . 107 . 3.22803 2.12614 -1
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To wrap ENCODE broadPeak (or Regions) file formats very easily with an OSCtable header and load them into
ZENBU, the OSCtable header should be

##ParametervValue[filetype] = osc
##ParameterValue[display_name] =
<THE-DISAPLY-NAME-TO-BE-EDITED-HERE>

##ExperimentMetadata([x] [eedb:display_name] =
<THE-DISPLAY-NAME-TO-BE-EDITED-HERE>

##ColumnVariable [eedb:chrom] = chromosome name
##ColumnVariable[eedb:start.0base] = chromosome start in Obase

coordinate system

##ColumnVariable[eedb:end] = chromosome end

##ColumnVariable [eedb:strand] = chromosome strand
##ColumnVariable[eedb:score] = score or significance of the feature
##ColumnVariable[exp.signal.x] = measurement of overall (usually,

average) enrichment for the region
##ColumnVariable[exp.gvalue.x] = measurement of statistical
significance using false discovery rate (-logl0O). Use -1 if no gValue

is assigned

##ColumnVariable[exp.pvalue.x] = measurement of statistical
significance (-1logl0). Use -1 if no pValue is assigned
eedb:chrom eedb:start.0Obase eedb:end eedb:name
eedb:score eedb:strand exp.signal.x exp.pvalue.x

exp.gvalue.x
Upon data loading, leave the '"display name' textbox empty so has to not overwrite the one available from the

OSCtable (and keep the featureSource name and ExpreimentSource names in sync).

References
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Concepts

ZENBU Configurations

The ZENBU system is designed around the concept of user configurable visualization and processing. This is
accomplished through a configuration saving and sharing system. The configurations in ZENBU are broken down
into three main concepts: Tracks, Views, and Scripts.

Track configuration
Tracks are one of the central concepts in the ZENBU system.
A Track consists of three parts

* Data sources : a collection of one or more data sources which are pooled together to form a dynamic merged data
source.

» Data processing : an optional script of data signal processing modules which manipulates and analyzes the data.
This processing can be for either data visualization purposes or strictly for use in data exporting and offline
analysis.

* Visualization parameters : a set of default visualization parameters which can be used by visualization systems

like our gLyphs genome browser when the track is loaded into a View.

Each Track in the system is internally identified based on its configuration content and a hashkey system. Anytime a
user changes the definition of a Track, its configuration is different and receives a different hashkey. If two users
happen to configure the same track, based on content description, they will be the same and get the same hashkey.
This concept to Tracks-defined by their descriptions (not based on names or saving) is the foundation for the

TrackCache system and enables the same TrackCache to be utilized by different users in different views.

In addition there is a Track Sharing system in place. This allows any user to name and describe their tracks to make
it share with other users of the system. This is done in the track reconfiguration panel with the button labeled <share
track>. This enables every user created Track to be referenced and reused. Although every different track
configuration generates a new hashkey and track configuration within the TrackCache system, only those Tracks

which are explicitly saved, can be searched for in the data explorer and shared as a predefined track.

The Track and its unique content-based hashkey are the foundation on which the Data Download, and TrackCache

systems are built.

View configuration
A View is an ordered collection of Tracks with additional parameters.

These additional parameters include a Title and Description of the view, and every other user adjustable parameter of
the glyphs genome browser. In addition, a View can override any of the default visualization parameters from

predefined Tracks which were loaded into the view.

When a View configuration is saved, its Title and Description are searchable in the data explorer via the metadata

searching system.
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Script configuration
A Script configuration is composed of a data processing script with additional parameters.

These parameters include a Title and Description of the script to allow for searching and sharing, and a set of

recommended visualization parameters.

When a predefined script is loaded into a new or reconfigured Track, it will reset the visualization parameters to its
recommendations. The user then has the option to override these visualization defaults and to even modify the script

modules and parameters.

Saving and Sharing configurations

Every configuration is able to be saved by users of the systems. Saved configurations are appended with both a Title
and a Description which are then searchable via the metadata searching systems in both the data explorer and
gLyphs genome browser interfaces.

Data Sources

The ZENBU system was designed on first principle to be a collaborative OMICS data integration system where
primary data is dynamically uploaded by users of the system. Because of the data processing capabilities designed
into ZENBU, this uploaded data is used as sources for input into data processing scripts where the result of that

processing can then be downloaded or visualized in the ZENBU genome browser.

The primary data which has been uploaded into the system are collectively referred to as Data Sources. When data
is loaded into the system, each data file is translated into the internal ZENBU Data Model and grouped into one or
more annotation data sources and/or Expression experiment data sources depending in the uploaded data file

format and upload parameter options.

Since ZENBU is based on loading data into an abstract data model concept, it is important to be able to find our
data after upload since there is not always a direct one-to-one mapping of data upload file to DataSource. To
accomplish this ZENBU utilized a metadata search system. When data is uploaded, user are asked to provide a name
and description of the file and its data content. By providing good descriptions, it not only allows for easily finding
your data at a latter time, but also makes it easier for your collaborators to understand the content and nature of your
data.

Uploadable data file formats

Before data can become available as a Data Source in ZENBU, it must first be uploaded into the system through one

of the supported file types. The file types currently supported by ZENBU upload are:

* BAM & SAM sequence alignment files.

* BED UCSC style genome annotation files

* GFF GFF2 GTF Ensembl/gbrowse style genome annotation files

* OSCTable open format tab separated tables for genome annotation and multiple experiment expression
(RIKEN/ZENBU format).
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Annotation Data Sources

An annotation data source [also called a FeatureSource] is a collection of genomic features. This corresponds to a
data set like "gene sets" or "promoter sets" or "micro array probe set" or "repeat elements". In the UCSC genome
browser this is what they refer to as a UCSC track (i.e. data track) which was loaded from a BED file. When
uploading data into ZENBU, the data in each file is mapped into a one or more FeatureSources.

BED is the simplest file format where each BED file maps to a single FeatureSource. There is an option when
uploading a BED file to extract expression from it and optionally create an Experiment for the the file. The options

include mapping the score onto expression or to simply count each location with an expression value of 1.

BAM/SAM files since they always contain sequence alignments are always mapped into a single FeatureSource and

single Experiment.

GFF/GTF files can be mapped into one or more FeatureSources depending on the content of the 3rd column of the
file. This 3rd column encapsulates the GFF feature concept which is the same as the ZENBU FeatureSource concept.
Every different GFF/GTF feature type is mapped into a different ZENBU FeatureSource.

OSCTable files are also mapped into one or more FeatureSources depending on how they are configured. The
OSCTable format allows for complete flexibility to control how the data is mapped into FeatureSources upon
loading into ZENBU.

Expression Experiment Data source

An expression experiment data source [also simply called a Experiment] is a collection of expression data. By the
definition of the ZENBU data model, each expression data element is attached to a genomic feature which is also
part of a FeatureSource. Since a genomic Feature can have many Expression data points attached, the Experiment is

critical to describing the Expression.

Expression refers to a single measurement data element with an associated expression DataType (eg: "tagcount”,

non non non

"tpm", "mapquality" "score" "pvalue

non

rle" to name a few). Depending on the data file used, there can be none to
many Experiments associated to each uploaded data file.

BED is primary used only for genomic annotations, but ZENBU allows for optional expression experiments to be
defined. If enabled at upload time, an Experiment can be created and associated with the data file. There are options

to interpret the BED score as expression or to simply count each bed line location with an expression value of 1.

GFF/GTF in the same way as BED files, ZENBU allows the score column to be mapped onto Expression and to

create an optional Experiment associated with each GFF/GTF file.

BAM/SAM files since they always contain sequence alignments are always mapped into a single FeatureSource and

single Experiment.

OSCTable format allows for complete flexibility to control how the data is mapped into Experiments and

Expression. There can be many Experiments defined within a single OSCTable file.
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Types of data which can be loaded

ZENBU was designed with a data model abstraction which allows all types of genomic annotation and expression
data to be uploaded into the ZENBU system. Here are examples of the different types of experimental and analysis

results data which can be loaded by users into ZENBU using the available upload file types.

Genome mapped RNA/DNA sample sequences
This class of data includes RNAseq, shortRNA, CAGE, CHiP-seq. The nature of this data is a sample of DNA or

RNA which is processed by a molecular biology protocol and then sequenced. It is now very common to use next
generation sequencing instruments like Illumina HiSeq2000, Illumina G3, SOLiD, 454 or Heliscope for this
sequencing. This class of instrument produces millions to 100s of millions of short sequences often referred to as
sequence-tags. Because of the short nature of these tags, often the best way to analyze them is to first map them onto

a reference genome assembly with a program like BWA or TopHat.

The ZENBU system can directly load these genome aligned sequences with out need for additional processing. A

common format for these alignments is BAM.

Genome annotations

This class of data is often the result of a bioinformatics analysis pipeline or through manual curation efforts.
Common data file formats for genome annotations include BED and GFF/GTF. Since the nature of this data is
descriptive, it is sometimes very useful to include descriptive metadata along with genomic location information.
The OSCTable format is a highly flexible format which allows for attaching very complex metadata, expression, and

numerical values onto genomic annotation features.

Microarray expression

The ZENBU system provides a means to load micro-array data. Once microarray data is loaded, it can be processed

and visualized as either "expression tracks" or as "annotated-expression hybrid tracks".

Currently the loading of micro-array data is a little complicated, but we hope in the future to make this process easier
for users. ZENBU currently has several micro-array probe-sets from Illumina and Affymetrix mapped onto the
genome. To load micro-array expression, one needs to download one of the probe-sets into OSCTable format and
then to extend the columns of the file to add the raw/normalized microarray expression for each probe. Then upload
the new modified OSCTable file back into ZENBU.

Annotated Expression analysis results

The ZENBU system is able to work with very complex analysis results which can often consist of genomic locations,
descriptive metadata, expression signal from multiple samples, and numerical analysis results. The OSCTable format
allows any complex table of data to be mapped with column names and loaded into ZENBU. Since each analysis
process/result is often unique, the flexibility of OSCTable allows the data to be loaded in its original form, rather

than having to convert it into a standard file format and thereby have to throw away some information.

After loading complex analysis data from OSCTable files, ZENBU can process and manipulate any and all aspects
of the dataset. It can be treated as simply as genomic annotation, or in complex ways with data processing and hybrid

annotated-expression visualization tracks
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Novel genomes

The ZENBU system was designed in the era where many novel genomes are being generated, so we made sure the
system could expand into the range of 1000s of genomes. In ZENBU, genomes are treated as a "namespace" which
means that the process of creating a new genome is as easy as naming it. For example if a data file names genome
"human-bobsmith" chromosome "chr3" it will create it if it does not exist. The reference genome sequence and size
of the chromsome are treated as additional data loaded into that "genome namespace". Once uploaded the ZENBU

system will become aware of the new genome name.

Although currently not available through the web interfaces, novel genome sequences can be loaded by system
administrators through ZENBU command line tools. In a near future upgrade this functionality will be available via

the web interface for user upload .

Virtual DataSources - Track Data pooling

Although the DataSources are defined at data load time, the ZENBU system provides a dynamic flexible data mixing
technology called Data Pooling . This allows for virfual DataSources to be created when configuring ZENBU tracks
by mix-and-match from the uploaded physical DataSources. This provides for a great deal of flexibility both in terms

of data loading and data processing without requiring external data processing and additional data loading.

Data Stream Pool

The ZENBU system allows for the dynamic creation of merged virfual Data Sources referred to as "data stream
pools". This provides for a great deal of flexibility both in terms of data loading and data processing. With data
pooling, there is no need to load new data every time a different "mix" is needed when configuring ZENBU tracks.

One can simply use the data already loaded in the ZENBU system and create a new virfual DataSource mix.

Data pooling can be on a mix of either annotation FeatureSources or a mix of expression Experiment data sources. In

both cases the mixed pool is a union or merging of the data.

The main advantage of data pooling is for data processing and analysis. It becomes possible to pool many
experiments from many samples or across replicates for differential expression visualization and analysis. And with
the data download capabilities these processed data pools can be exported into statistical systems like R and
BioConductor for more advanced analysis. It also is easy to created merged annotation datasets without requiring a
special upload. For example it is possible to create a merged data pool of all gene models (gencode, refseq, ensembl,

ucsc known gene) in a single track.

But data pooling also can help with the data organization and the data loading process. Since ZENBU can merge
data on demand, it becomes possible to organize data prior to upload at a more atomic level. For example we can
keep each sequencing replicate of a sample in separate BAM files and allow ZENBU to created the virfual mix of all
data from the same sample. This provides a high level of flexibility for being able to load the data files as they exist,
rather than requiring pre-processing of the data prior to loading. This also gives the user great flexibility in creating
new groupings of data after the data has been loaded even if the grouping was not in the original experimental

design.
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Examples

To better illustrate the concept of data pooling, we present several examples.

Pooling annotation FeatureSources - different mixes of repeat sets

There are many different classes of repeats in the genome. Sometimes we need to work with specific repeat class,
sometimes we want to work with a broader class of repeats and sometimes we don't care about the class and are only

concerned if any repeat is present. The data pool works very well here.
For example we have loaded the mouse mm9 repeatmasker data from UCSC where each class of repeat is mapped

into a different annotation FeatureSource

http://fantom.gsc.riken. jp/zenbu/dex/#section=Annotation; asm=mm9; search=repeat

In this example we have created three different tracks with different data pooling of the repeat annotation
FeatureSources.

1. repeat track is mix of all RNA-based repeats (RNA, rRNA, scRNA, snRNA, srpRNA, tRNA)

2. repeat track is mix of only LINE or SINE repeats

3. repeat track is mix of all 16 different repeat classes
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link to genome browser view referenced above http:/ / fantom. gsc. riken. jp/ zenbu/ gLyphs/
MHtconfig=EWSpkPEsSLN_uq9B-warpcD;loc=mm9::chr10:20835721..20889803

Pooling expression Experiments - FANTOMS3 differential promoter expression

Differential expression is one of the key aspects when studying RNA. RNA is inherently expressed at different levels
in different tissues and samples. One available RNA expression technique is called CAGE which not only records
the expression level of RNAs but also identifies the RNA's 5' end location on the genome which is interpreted as the
"transcription start site" for the RNA. In the FANTOM3 project, there were 465 different mouse samples which were
analyzed with CAGE and sequenced. In this example we create three different tracks with different mixes of these

465 sample Experiments.
In the following view we have created three different expression tracks with different data pooling of the FANTOM3
CAGE expression Experiments.

1. expression track with virtual mix of all 465 FANTOM3 CAGE expression samples. In the view on the GSN
gelsolin gene we can see two distinct CAGE expression peaks which correspond to different transcription starting

sites and thus expression of different splicing isoforms of the GSN gene.
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2. expression track with only 26 blood related FANTOM3 CAGE samples. In this track we can see that the blood

related samples exclusively expression the left most CAGE transcription start site. By comparing to the known

annotation tracks, we can see there is a long Ensembl transcript/gene (ENSMUSTO00000113016gene) which

aligns perfectly with this CAGE peak. It is thus easy to infer that this splicing form is the one expressed in the

blood.

3. expression track with only 28 lung related FANTOM3 CAGE samples. In this track we can see that the lung

related samples exclusively express the right most CAGE transcription start site and thus the main splicing

isoform of the GSN gene.
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Data Abstraction Model

Although the internal data abstraction model is not obviosuly exposed to the users of the system, understanding the
internal model can help to understand how data is stored and processed by the system. For advanced users of the

script processing system, understanding the data model is important to write your own custom processing scripts.

ZENBU internal data model

The data model is an evolution of the model first described in the FANTOM4 EdgeExpress system [ (Genome Biol.
2009;10(4):R39. Epub 2009 Apr 19 [2}).

The ZENBU data model is composed of

 data sources (FeatureSource, Experiment, EdgeSource)
e genomic location information (Features)

* numerical expression value data (Expression)

* connections between Features (Edges)

* and descriptive metadata.

Features and associated SubFeatures

Features

The Feature is the central element in the data model.
It represents a generic object in the system. A Feature must belong to a FeatureSource. The primary attributes of a
Feature include a name, a significance, and genomic coordinates.

Genomic coordinates are defined as:

* chromosome assigned to a specific species assembly
e chrom_start
e chrom_end

e strand

For Features to be visualized in the ZENBU genome browser, genomic coordinates are mandatory.
ZENBU Feature genomic coordinates are 1base-exclusive which means that chromosomes starts at 1 and features of

length 1bp have the same chrom_start and chrom_end.

In addition a Feature can have Expression and Metadata attached to it.
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SubFeatures

In addition a Feature can have other Features attached under it which are called SubFeatures.

The most common use for SubFeatures is to define exon/intron/UTR spliced gene-model details of the primary
Feature, but any type of category can be defined for the FeatureSources of attached SubFeatures. For example one
could define protein domains SubFeature regions of the primary Feature with different categories in addition to the
exon structure.

SubFeatures are allowed to overlap each other and do not need to be exclusive.

Currently (as of version 2.5) SubFeatures cannot have another layer of SubFeatures under them.

Here is example of very complete Feature with subfeatures and expression (here displayed in a ZENBU XML

export/interchange format)

<feature name="NM_001964" start="137801181" end="137805004"
strand="+" >
<chrom chr="chr5" asm="hgl9" ucsc_sm="hgl9" ncbi_asm="GRCh37"
taxon_1id="9606" length="180915260"/>
<featuresource category="refgene" name="UCSC_hgl9_refgene"
feature_count="35067"/>
<subfeatures count="4">
<feature category="5utr" start="137801181" end="137801451"
strand="+"/>
<feature category="block" start="137801181" end="137801757"
strand="+"/>
<feature category="block" start="137802446" end="137805004"
strand="+"/>
<feature category="3utr" start="137803770" end="137805004"
strand="+"/>
</subfeatures>

</feature>

Expression

Represents a single expression data element. An Expression must be attached to a Feature. In addition to the actual
expression value, each Expression element has a mandatory DataType. The Expression DataType is used to describe

and categorize the values so that expression from many FeatureSources and many Experiments can be pooled

" non non

, "mapquality" "score" "pvalue

together for comparison. Example DataTypes include "tagcount", "tpm' rle" to

name a few.

By definition each Expression data element has one Feature, one Experiment, one FeatureSource, one DataType and

one value (number).
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Edge
A connection between two Features in the system. Currently Edges are rarely used in the ZENBU system, but they

have been retained from the EdgeExpress system for backward compatibility and possible future expansions.

Data Sources

These represent a collection of data of a certain class in the system and are made visible to the users in the data
explorer interface.
Every DataSource has metadata describing the source which also allows for users to search and find data sets so that

the data can be manipulated, and visualized.

FeatureSource

A collection of Features. Each Feature is part of only one FeatureSource.

Often used to represent a collection of annotation like "Human hgl9 Entrez genes". But in addition, every file
uploaded into the system is assigned a primary FeatureSource to represent that file as a collection of data.
FeatureSources can be dynamically generated by processing modules of the system to represent dynamically created

Features.

Experiment

A collection of Expression data, and by connection a collection of Features.

Since a Feature can have many Expression objects attached, the Experiment is critical to describing the Expression.

EdgeSource

A collection of Edges.
This is rarely used by the current ZENBU system, but has been retained for backward compatibility to
EdgeExpressDB and for future expansion capabilities.

Metadata system

Metadata is descriptive text which can be attached to any object in the ZENBU datamodel. Metadata is divided into
two concepts. Metadata and Symbols.

Metadata

Metadata elements are not searchable but represent a blob of text or data.
The ZENBU system provides automatic keyword symbol extraction from Metadata text so that effectively to the
user, the Metadata appears searchable.

In general Metadata is used for descriptive text, but it can also be XML or uuencoded data.
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Symbols

Symbols are small atomic text units which can be searched.

These are often keywords or controlled vocabulary terms. Symbols can be ad-hoc or from controlled Ontologies.

Search system

The ZENBU system provides a complete metadata search system modeled on google/yahoo searching capabilities,

with the addition of rigorous logic control - and, or, not and parenthesis (')
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