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Browser Features: Navigation

Click to zoom in.

Click to zoom out.
Click to show options.

I : 1 Click to scroll.
chr7:27028639-27537662 L ECCREE NN I

ideogram.

o0 == Coordinate ruler.

Drag on
4 rulerto p
zoom in.

— Chromosome
ideogram of region.

4 Dragontrack )
to scroll

chr7:27053397-27373765 I et i
Go | | Clear | |

" |coordinate

Find SNP |
Zoom into ajchromosomne
Enter coordinates to jump to a region. Enter a gene name to jump to a gene.
Coordinate string can be one of: Multiple gene models may be shown for

a gene. Choose one gene model to

1. chr9:1234-5678 a region. jump to its location.
2. chr9:123456 a single base.
3. chr9 a chromosome to jump coordinate HOXA1  Go | Clear
to the middle of that - - =
chromosome.
4. 1234-5678 coordinates chi7  lz7iszevs 27136677
without a chromosome name refGene m—————{EEI AR 27132613-27135625
to jump to this region on the re;G\i?: * g;g;gﬁg;]g:?;g
gencode [ (KR <<< ] g
current chromosome. gencodeV17  e—§-<{&W 27132931-27135615
xenoRefGene =% IR 27133902-27135546
Enter the reference SNP cluster ID  — . rercene - EREIA 27134058-27135531

(rsID) to jump to a specific SNP.

At fine resolution, the
chromosome ideogram is

replaced by the DNA sequence.



Browser Features: Tracks e

A browser track is a visualization of a dataset along a genome. Examples of browser
tracks include gene model annotation tracks and RNA-seq expression tracks.

Click to find browser tracks.

v
D Apps &

Click the box labeled with total track count
to access all available experimental assay
tracks from the interactive facet table.

‘ 2737-::,T;L/11 sHOWN |

CLICK FOR TRACK TABLE

[track name || Fina | 2 -

PusLIC track hubs

— ANNOTATION tracks

CuUsTOM tracks

Search for tracks by —_—
keywords. Join multiple
keywords with “AND".

— Access annotation tracks such

as genes.
. 4
SeilEs RefSeq genes
EepealMa:sker non-human RefSeq genes
onservation
GIC related GENCODE V17 genes

Population variation
Genome comparison
Miscellaneous

— Click a button to submit a custom track.
. 4

=

bedGraph
quantitative data

Datahub
by URL link

Datahub
by upload

Click “Reference human epigenomes from
Roadmap Epigenomics Consortium” and
then the “Load” button to load the Roadmap
Epigenomics dataset.

|
Row T column [

5 =
§ g
3
= o |25
g 5 |23z
% = g’ 2 g
i a (86 |F
R
l0/1225 0/80| | | |® Adult Cells/Tissues
0/a | | | |=cancercels
| | |mESliPscels
lors23 /67 || | | | Fetal Tissues
o1a o8 || | | |=Placenta

Remove all

The numbers indicate the tracks
available for each sample+assay
combination (green) and the tracks that
are currently shown in the browser (red).
Click a table cell to show a list of
available tracks for a sample+assay
combination.

—— Show available public track hubs to
load tracks from projects including
Roadmap Epigenomics Project and
ENCODE.

. 4

Public track hubs 5

Reference human epigenomes from Roadmap Epigenomics Consortium 2 fubs

The NIH Roadmap Epigenomics Mapping Consortium was launched with the goal of producing a public
resource of human epigenomic data to calalyze basic biology and disease-oriented research. The
Consortium leverages experimental pipelines built around next-generation sequencing tachnologies to
map DNA methylation, histone medifications, chromatin accessibility and small RNA transcripts in stem
cells and primary ex vivo lissues selecied to represent the normal counterparts of lissues and ergan
systems frequently involved in human disease (quoted from Roadmap website).

Roadmap Epigenomics Consortium
This collection has following hubs:

Roadmap Data from GEQ 2737 iracks Load |

o

methyICRF tracks from Roadmap 16 fracks




© Browser Features: Apps

A browser app is a self-contained program for executing a specific task. Examples of
browser apps include uploading files and taking screenshots.

Click to find browser apps.

A\

Tracks m

[
|app name ” Find | All apps

find ortholog
| validate hub & refresh cache

File upload
Upl data ext files

Find apps by name.
Apps will appear as you type.

—— Show all apps.

Recently used apps.

Gene & reglon set

ate and manage sets of genes/regions

Genome snapshol
View track at whole-genome scale

Scatter plot

ompare two tracks over a gene set — Frequently used apps.

Split panel

Create a secondary browser panel

Session

Save and share contents

Screenshot

Make publication-quality image

©060600600 6

Apps usually appear as transparent panels on top of the
browser and are used in the context of browser visualization.
You never have to leave the browser to use an app.

Drag the app name ) )
banner to move the panel. Close this app.  Get help on this app.

Gene & region set / ” ﬂ

You don't have any gene sets yet.

+ Add new set BIaEGERT R RER



Browser Features: Metadata

B8 Track type
B Genome

¥ B8 Sample

B8 Adult Cells/Tissues

@8 Cancer Cells

8 ESI/iPS Cells
&8 Derived Cells
8 Embryonic Stem Cells

8 HUES Cells
HUES

HUES48

To load metadata vocabularies
available for the human genome,
load the public datahub for the
Roadmap Epigenomics Project. The
metadata annotation for a track can
be viewed by right-clicking a track
and selecting “Information.”

To view loaded metadata vocabularies,
right-click on the metadata heatmap

Metadata are vocabularies for
annotating tracks with experimental and
sample information. Terms in a
vocabulary are organized in a
hierarchical structure. The same
vocabulary can be used across
datasets to facilitate data integration.

Metadata annotation

[ bedgraph f ng19 J ivRoo | H3kames JuCSD |

fetal lung fibroblast (IMR90)
H3K4me3

chip_protocol_bead_type
chio antibodv

(@ Track type Internal
O @ Genome metadata
@ ® Sample

(CJ B Human donor

header, then select “Add metadata terms”.

(5

Metadata __ |
vocabularies.

@B Assay

[ @8 Institution

Once a metadata vocabulary has been
loaded, its terms can be searched by
keyword. Results include the term id for
each found term. The term id can be
used to annotate tracks in a datahub.

h3k4 Search

following terms are from this shared vocabulary
hitp:/ivizhub.wustl edu/metadata/Experimental assays

id: 22008 [RELCLA use »
RPN H3Kdme3 | use »
ic: 22010 [ECC use »

Learn more about how to define metadata vocabularies and annotate
tracks at http://wiki.wubrowse.org/Metadata.



http://wiki.wubrowse.org/Metadata

(5 ) Browser Features: Metadata Heatmap

A metadata heatmap with two
metadata terms.

Sample
Assay

27180000

- . e Tracks 1, 2, and 3 share the

same “sample” attribute

Track 1 HSMmea‘“’“"“ ol (IMR9O cells) and thus share
f W rimethyiation of lysine 4 of histone H3 the same color.

parent: H3K4

Tracks 1, 2, and 3 are each

Track 2 H3K4mel _ annotated by a different “assay”
:;orfel:f:::i:non of lysine 4 of histone H3 attnbute (H3K4me3’ H3K4me1 ,
1 H3K27me3) and thus are
Y o .

Track 3 H3KOme3 colored differently.
trimethylation of lysine 9 of histone H3
parent: H3K9
48 HOXAGH HOXAIK) HOXALLE
[OXA-AS3B->—>—>—>m MIR196B!
HOXASH) HOXA-AS4B4
Track 4 HOXA-AS3E—=HEE HOXALOE—<4
HOXA7E} HOXA10%)
I HOXAL10-HOXAIEH<<<<4
HOXA11-ASEA .
I T A Chromosome ideogram.

chr7

Track 5 is below the
Track 5 chromosome ideogram and
- thus is not shown in the

metadata heatmap.

Track 4 is not annotated by
“sample” or “assay” attributes
so is shown in gray.

To add or remove a track from the metadata heatmap, drag the track name above or
below the chromosome ideogram.

1]
5§z
To search for new terms to be added to the & E
metadata heatmap, right-click the term name and 1 .
then open the Metadata term finder app by Flip _
clicking “Add metadata terms."

X Remove

“h3k4 ‘ Search ‘

following terms are from this shared vocabulary
http://vizhub.wustl.edu/metadata/Experimental_assays

id: 22008 use »
id: 22009 use »
id: 22010 use »
id: 22011 Click to show this term in the heatmap.

The source metadata vocabulary. o



Browser Tracks: Genes

UTR. Exon. Intron. Arrows indicate direction of transcription.
I —
‘_m:; ) m, A A Y Transcription
start site.
HOXA3 HoxA4EHE HoxasE-g HOXATE
HOY
Gene symbol. HOXA3 NM_030661 -} Link to NCBI

Nucleotide database.
chr7:27145808-27159214 « 13.4Kb

Gene body coordinates,
orientation, and length.

Homo sapiens homeobox A3 (HOXA3),

Gene name. transcript variant 1, mRNA.

5 segments:

45808 - 27147533

Coordinates of

47533
exons and UTRs. 3

27148339
27150259

The human RefSeq gene track for HOXA3 is shown above. The tooltip bubble
displays information on the HOXA3 gene.

Multiple gene tracks are usually available
for a genome. To find other gene tracks,
go to “Tracks” > “Annotation tracks”
>“Genes” or search by keyword “gene” in

Genes non-human RefSeq genes
varmliof GENCODE V17 genes
RepeatMasker ==

GIC related Eer genes

Sequence conservation

(13 n
Tracks. Mappability (ENCODE)

GHEEHHOXA3 HOXA-AS3E-3-
HOXASEHR HOxA7E)

HOXA3

HOXAEER
HOXA

When a gene is partially visible in the
browser, click this gene to display the
entire gene model in the tooltip bubble.
The visible section is marked by a yellow
box.

chr7:27145808-27166639 <« 20.8 Kb

Homo sapiens homeobox A3 (HOXA3),
transcript variant 2, mRNA.

Right-click on the Display modes. ——— Thin Density
gene track (and any
other tracks) forthe  Configure rendering style. ——— % configure
configuration
menu. View only genes. ——— “= jyxtapose
Show metadata. —— 1 |nformation
X Remove

I— Link to Wiki.

The gene track is based on the “hammock” track format, which can be
displayed as a custom track.
Learn more at http://wiki.wubrowse.org/Hammock.



http://wiki.wubrowse.org/Hammock

(7 ] Browser Tracks: Repetitive Elements

The RepeatMasker and RepeatMasker slim tracks show all repetitive elements in the
genome. Repetitive elements and transposons are predicted by the RepeatMasker
software (http://www.repeatmasker.org/).

Genes

To add the RepeatMasker track, go to “Tracks” > RepeaiMasker| Al Repeas | RepeatMasker
“Annotation tracks” > “RepeatMasker” > Conservation | L1ansosable| | pepeatiasker slim
“RepeatMasker®. The track is also available as g/c T“:}'ed DNA class
RepeatMasker slim, a simplified version of the i LTR class
RepeatMasker track. Genome LINE dlass
comparison SINE class
) . 903)1 : ) ) )
oV, VIR v OGNS DTS Y JRvew voeey oo O T TGRS peNeee NN poveee. Teoen Jamen vy e PN
RepeatMasker BALSz HERVL-int] B D Linvat > Y Ausoll Auyll MRl vl MER94| D
'“ﬂxo‘ [ | (<< LIPAS << << <] (<] ot AluYel AT rich| N A i Lipats) nl
i AN nLT2A28 ) Auscell Aol Al AT renl Al 1 (TC
MLT2A2E usl 2 1 ViRl MLT1A0 AluSa wiB4l
KA?J‘\EcII Ausq-:\qul : AUVQ::;L
AT _ricn|
AuJesll
Full mode Elements are shown as boxes, transparency reflects the 1-divergence% score of

each element. More transparent elements have greater divergence.

’ 903&
sl | [ IO T TR
1-dvergenca®e L1 Bb O (el uiva) o D IR N R IE R RILLEN RN R > [ RE I > svAD |
Bar plot mode Elements are packed tightly into a single row with bars on
top indicating 1-divergence% scores.

The elements are colored by class. To view The user can choose which type of score to
the list of classes, right-click the show for the repetitive elements using the
RepeatMasker track and click “Configure.” configuration menu.

B sneE- shoq interspersed nuclear element Apply score

. LINE - long interspersed nuclear element

[ LTR - long terminal repeat element do not use score

[ DN transposon Smith-Waterman score

[ simple repeat, micro-satellite ' SW score normalized by length

[ sateliite repeat ¢ 1-divergence%

[ Low complexity repeat . z

[ RNA repeat |automatic scale ¥ |

[ other repeats

B unknown

Hover over a specific element to display the The user can also choose to show elements

element’s score, class, name, and genomic ~ from a specific class or family in the
position. Annotation tracks menu.
Aludr Genes
0.825 1-diverg Repeatiiaskel Al Repeats ERY
£ x Conservation Transposable ERV1
SINE - short interspersed nuclear elements Elements
S’ c "Ie‘ta_‘e" DNA class ERVK
'opulation
variation BIRiclass ERVL
Genome LINE class ERVL?
comparison SINE class T

The repetitive element track is based on the “hammock” track format.
Learn more at http://wiki.wubrowse.org/Hammock.
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Browser Tracks: Numerical Tracks 0

A numerical track displays a series of quantitative values along the genome as a
highly customizable graph. When the track height is small, the track is shown as a
heatmap, otherwise it is shown as a bar plot.

Bar plot (track height = 20 pixels) Heatmap (track height < 20 pixels)

A A
13.81 H3K4me3 of IMR90
H3K4me3 of IMR90 :| ‘ H3K4me1 of IMR90 ] |
0 PR e
32.0
H3K4me1 of IMR90 ‘
0

563993

Positive and negative values are orimate Phyiop T(Whmd T wulﬁw ‘M’u"w]twl“w‘h

rendered using different colors.
40882498

The default y-axis scale is an automatic
scale which can be changed into a fixed

or percentile scale using the configuration primte Phyip
menu. Bars with values beyond a set -
threshold are indicated with a different

color on the peaks.

Bar plot shape can be smoothed using the configuration menu.
¥l Smooth window _2_
L&.__.A;_LM, } 7-pixel window |+ = } M

A background can be applied to bar plots to distinguish regions with no data from
those with low data values.

No background With background

- ACSLE

[
ACSLE =

Missing values are labelled as “No data” on uﬁ l e = No data

the tooltip for bedGraph format tracks

(not applicable for bigWig format tracks). 13K4me3 of IMRI0
IO 7 2

Learn more about the supported numerical track formats bedGraph
1K1 (http://wiki.wubrowse.org/bedgraph) and bigWig

(http://wiki.wubrowse.org/bigwig).
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O Browser Tracks: Matplots

A matplot (also called a line plot) displays multiple numerical tracks on the same X
and Y axes to easily compare datasets. Data is plotted as curves instead of bar plots.

96.31
matplot wrap

H3K4me1 of IMR90
H3K27me3 of IMR90

0

Matplots can be created while browsing:

Method 1:

1. Hold shift and click on track names
to select multiple numerical tracks.
(Track names will be highlighted in
yellow.)

2. Right-click on the selected tracks
and select “Apply matplot."

Method 2:

Right-click on a colored box in the metadata
heatmap and select “Apply matplot” to
convert a group of tracks sharing the same
metadata attributes into a matplot.

Colors of member tracks in a matplot can be
individually configured using the configuration
menu.

To cancel a matplot, right-click on the track and
select “Cancel matplot." The matplot will be
replaced by individually displayed member
tracks.

Wiki

Matplots can be defined in datahub.
Learn more at http://wiki.wubrowse.org/matplof.

5.19 H3K4me1 of IMR90

68.06 H3K27me3 of IMR90
chr7 27228161

2145 165
H3K4mes of IMRID
3 selected

Lic..
G Configure

oL,

151719 %

H3K4me3 of IMRA0 :I Cancel multiple select
ddlis

0
14,7375
H3Kgme3 of IMRIO

1+ X Remove

0,
A Y7

o Configure

| |V Apply matpit

X Remove

B H3K4me1 of IMR90
[ H3k27me3 of IMR90

Y-axis scale [ Automatic scale 4 |

Height | * — + -
) Track background

J Apply to all tracks



http://wiki.wubrowse.org/matplot

Browser Tracks: MethylC Track D

The methylIC track’ is designed to display DNA methylation data from whole-genome
bisulfite sequencing experiments. It distinguishes cytosine methylation levels (as bar
plots) on separate strands and in different sequence contexts and integrates
sequencing read depth (as curves) as a measure of confidence.

W M@\LL% MMM |

H1 ESC mtlnmvm

:nrwml

forward / comb. reverse

The color legend for a methylC track can be viewed cc N -
using its configuration menu. All colors are o [l HE
configurable by clicking on the color boxes. c-l N

read depth [ ]
To filter methylation data by read depth, in the configuration menu, select “Filter by
read depth," enter a threshold, and click “Apply."
No filtering Filtered by read depth value 5

?1 T | T

To combine the forward and reverse strands, in the configuration menu, select
“Combine two strands."

000 13137 Z]H Q0 '_;_J 3000 1‘743[,.; 131 3-5JLJ 13137 [Z"u" ii'_!S.’;'T'f,GD _?iE?-EE-Z][;

=Tl A HHLLMMMMM

RefSeq genes

To scale the methylation level bar plots by read depth, in the configuration menu,
select “Scale bar height by read depth." The y-axis value will now represent the
read depth.

oo 131320000 131330000 131340000 131350000 131360000 131370000 131380000
1 L i I L L

mulu-u. Wit i(u

RefSeq genes — fefeet ettt AR L HACSLE

Learn more about MethylIC tracks at http://wiki.wubrowse.org/MethyIC_track.

Zhou X, et al., Bioinformatics 30, 2206-2207 (2014)



http://wiki.wubrowse.org/MethylC_track

D Browser Tracks: Genome Comparison

The genome comparison track visualizes pairwise alignments of two genomes allowing
for comparison at fine (base pair) or large (megabase) scale. Alignment is unbiased with
gaps in both the query and target genomes.

. Genes Mouse mm9 to hg19 blastz
To adfi the g?nozne comparison tralf:k, zss::m;:ef Mouse mm10 to hg19 blastz
go to “Tracks” > “Annotation tracks” > b Cateal Rat rn4 to hg19 blastz

“* H n
Genome comparison. Population variation |  Rat rn5 to hg19 blastz

. . Genome comparison| | Rhesus macaque rheMac3 to hg19...
Many pre-built genome comparison Miscellaneous

i Guinea pig cavPor3 to hg19 blastz
tracks are available. i 2

Zebrafish danRer7 to hg19 blastz

PuBLIC track hubs

PuBLIC track hubs
ANNOTATION tracks

Annotation tracks for either species can ANNOTATION tracks

now be loaded using the tracks panel. CuSTOM tracks (1)
CUSTOM tracks

Human HOXC10. 3 bp gap on the human genome. Human genome
as target.

54378940 54378950 54378960 I 54378970 54378980 54378990 54379000 54379010 I
|

RefSeq genes HOXC sequence

alignment

STCAGC CTCCGCTGTAGTA
i o P 1 T T T
GTCAGCTCCTCCGCTGTAGTAT

mm3 Refseq genes Hoxc T

Mouse Hoxc10. 2bpgaponthe Mouse genome
mouse genome.  as query.

At 10 bp/pixel resolution, the browser will transition from individual alignment blocks to
a joined alignment block.

ReSeq genes i —] - - B s B B @ R
hglo ful

AN | N | S [ | S A () 01
BV 1S E S B LS IS L
EEIN ENERSERERN H ENIEIEN SEHERSEIE ERR §

Individual alignment blocks.

mm9

7 bp/pixel

4

RefSeq genes PAXA

12bpipixel  Joined alignment block.

i = ohre: 78399265

Joined mm9 region (partially shown)

Complex genome rearrangements can be visualized by observing synteny blocks.

104210000 104240000 104270000 104300000 1043 10442000¢ 00 0 104510000 10
I STAB2 GNN C12or73kd GLTBD2 bt eeeedd NFY BB
NTEDC3 M HHe- e HSPOB1HHHRL | TDGE——HH HCFC2HE— - Him
36521

IR 77 L SN LB A 1) =
chr10:86147575.86329592. 182.0 Kb i thr2:124425999-1204 ¢ chri0:32083548-82273466. 189.9 Kb
BE1B10014B01RIK Nt5dc3) Snap23i 1190007107Rik Gitd2b - eeeed Niyb BiHHH
pa0bL Stab2 HeHH-HHEHH 1190007I07Rik Hefczts—is>b-tb-H
BCO30307B—=H—B-H - SnapZ3t 1190007107Rik4
BCO30307H-b-4 Snap23t Tags>-HHHR
BCO30307H—+-H Tdgh-—H-HR
GMARRRE>-HH-

Learn more at http://wiki.wubrowse.org/Genome_alignment.
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Browser Tracks: Long-Range Interactions (12

Long-range chromatin interaction experiments can be accessed through public track hubs'.

Public track hubs

{oxd i

data sets on human cell types.

B 25100000 26300000 26500000 6700000 26300000 7100000 27300000 27500000 27700000 27500000 3100000 28300000 7
MIRL4BA NFE2L3p-H SNX10-——HH  KIAADDBTE CTorf71H HOXALIHOXAL3) HIBADHHHHH ek <+ i
HNRNPAZBLEL  LOCH41204p-55>1 SiARZ-Hce woxaal vl TaX1BP1HiHIH JAZFLASIESH
CBi3

Human HOXA gene cluster.

HOXALLL

Hi-C data from IMR90 cells shown as  ChIA-PET data from K562 cells
a heatmap. shown as arcs

Highlights:
1. Supports pairwise chromatin interaction results from Hi-C, 5C, and ChIA-PET.
2. Multiple display modes: heatmaps, arcs, and joined-boxes (full display).
3. Visualizes interactions from distant regions and different chromosomes.
4 The Circlet view visualizes global interactions.

14970000 144500000 144530000 144560000 144590000 144620000 144650000  1446B0000  144TI0N00 144740000 144770000  144B00O00 144830000 144860000

0OCT28875

PFNIPZE LOCE53513# PDE4DIPHHHH
NBPFIH 4 3o

chr1:149221186-149227163, 106 N

chr4:175055498-175058487 S
chr4:175055498-175058487 Ol
chr1:143193159-145196505, 328

chr1:17229738-17235970 2108

©hr25763593-5771543,51
chr25763593-5771543,51 I
©hr5:9616924-9619445 ol
,chr5:9616924-9619445 5l

Hi-C data from

|
IMRSO0 cells shown | ...
as joined-boxes. s oo

o Configure

B
chel:146553385-146550847,LTHN

1 nformation

X Remove

Learn more at http://wiki.wubrowse.org/Long-range.

Zhou X, et al., Nature Methods 10, 375-376 (2013)
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® Browser Tracks: SNPs and LD

86
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- T —
chr?
[— XA
[ A
HOTAIRM:
HOTAIRM
5602734| rs34725548 rs111909440] rs184204231| rs181876576] | n | | rs5024284| rs5024265]  rs17485330] rs75537562] rs41308923|
15491004] r517449024]  rs112637288| rsi 5768095315]  rs17471387| rob668| 152712239 8706018l rs5024267]  rs182633245] rs15404|
rs17500508] rs3807502| rs17465316] 13149565443 rs111837184] 15187060419 rs10857012| rs6956992|  rsB943358| rs706017|
rs185017308]  rs192278738| rs188769670] rs144577210] rs189603965| rs71525684| r511304953] rs150295655| rs146434875]
oso8| rs141393179| 579198317 rs142151478 rs147608184] rs1008410] r£190215107|
rs189477398| rs17471401| rs186759820] rs151171338]
rs773702771 rsi41171302]
rs71747461]
rs71753453]
rsmmssm\l
185024266]
\Human dbSNP release 137 rs142085737]

EIERPl + —% —1 —5 < > gopeispanstosby | Tracks Apps o

ai | q21.3 PN ICEN BN W 34 I q36.1 [ 36,3

HOXAdmHE HOXA-/ HOXAomk
el gy e HOXATmEY 3 HOTTIP -
HOTAIRM 1833 HOXASMEeeeeedt L RRRARRREE S )
HOTARI 1843

Human HapMap LD
Han Chinese (CHB).

SNP and LD annotation tracks are available for human genomes. By default, the LD
scoring system is D’. The correlation coefficient (R square) or LOD can be displayed
using the configuration menu.

These tracks can be found in the “Population variation” group of the annotation track
panel. To search for a SNP, type the reference SNP cluster ID (rsID) into the search
bar and click “Find SNP." SNPs are colored by class.

Genes dbSNP release 137 [ single nucleotide variation
RepeatMasker : 4 R N
Cihsatinnn hapmap rel27 MEX Mexican ances... . insertion/deletion
hapmap rel27 ASW African ances... G
G/C related EnEe : [ heterozygous variation
Population variation |  hapmap rel27 CEU Utah resident... i )
Genome comparison | | hapmap rel27 CHB Han Chinese i... . microsatellite
Miscallanacus hapmap rel27 CHD Chinese in Me... [l text name but not sequence
hapmap rel27 GIH Gujarati Indi... [ = cluster of muitiple classes
o2 e ol [ muttiple nuclectide polymarphism
hapmap rel27 LWK Luhya in Webu... . : i
hapmap rel27 MKK Maasai in Kin... S8 _|0n
hapmap rel27 TSI Toscans in Italy . deletion
hapmap rel27 YRI Yoruba in Iba... | Show category id |

The SNP and LD tracks are based on the “hammock” track format.
Learn more at http://wiki.wubrowse.org/Hammock.



http://wiki.wubrowse.org/Hammock

Data Management: File Upload

app name l Find | All apps

Use the File Upload app to upload data
from a text file.

File upload

Upload data from text files

Gene & region set
Create and manage sets of genes/regions

h 4

File upload I ﬂ

Click the “Choose files(s)” button to
select one or more unzipped text files

b o LRSI Only text files are supported at the moment. from the ComPUter for upload .

File upload I ﬂ
Selected files appear as

gappedPeak - 52251 bytes, last modified: 6712014 bOXeS.

vistaEnhancers.txt (textipiain) - 32004 bytes, last modified: 6/7/2014

v
vistaEnhancers.txt (textiplain) - 32004 bytes, last modified: 6/7/2014

Showing first 10 rows from the total of 1340 rows:

chri [3190581 |3191428 ||”
chrl 8130439 |8131887
chri 10593123 10594209 -

PG | B an

Format bedGraph numericaL pata | formar
8 'WIQQ]E NUMERICAL DATA | format
BED anmoTaTion DATA | format

2O

' GFF AnnoTATION DATA | format
' Pairwise interaction fomat

| CUSLOM ANNOTATION DATA
' HammocK format

add as TRACK (oo many rows for & set DELETE

To prepare a file for upload:

Click the “Setup” button.

Inspect the content of the first 10 lines.

Select the appropriate file format.

Click “add as Track” to load this file as a custom track or click
“add as Set” to load this file as a gene set. The gene set option
is limited to 100 items per set.

Eal ol
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Data Management: Datahub

A datahub is a collection of data from multiple sources.

[

An example datahub.

# this hub contains only one track

{

type:"bedgraph",
url:"http://vizhub.wustl.edu/hubSample/hgl9/GSM432686.g9z",
name:"my track",

mode: "show",

colorpositive:"#££33cc",

height:50,

Highlights:

o=

Batch uploading of many tracks at the same time.
Custom track information is preserved in a datahub.
Tracks in a datahub can come from different servers.
Track rendering style can be customized.

Tracks can be annotated with metadata.

A datahub is written in JSON text. The JSON content of a datahub can be
validated by the browser. Search for the “Validate datahub” app to run validation.

Use the datahub app to upload a datahub to the browser.

A datahub file can be either hosted on the Web or saved locally.

If the datahub is hosted on the Web, it can be referenced by the browser through
the URL parameter. In this way, you can bookmark the parameterized browser
link for quick reference or sharing.

http://epigenomegateway.wustl.edu/browser/?genome=hg19&datahub=http://vizh

ub.wustl.edu/hubSample/hg19/hub.json

browser URL  ?genome=

Dissecting the browser URL parameters.

genome

identifier  &datahub= datahub URL

Learn more about datahubs (http://wiki.wubrowse.org/Datahub) and

URL parameters (http://wiki.wubrowse.org/URL_parameter).



http://wiki.wubrowse.org/Datahub
http://wiki.wubrowse.org/URL_parameter
http://epigenomegateway.wustl.edu/browser/?genome=hg19&datahub=http://vizhub.wustl.edu/hubSample/hg19/hub.json
http://epigenomegateway.wustl.edu/browser/?genome=hg19&datahub=http://vizhub.wustl.edu/hubSample/hg19/hub.json
http://epigenomegateway.wustl.edu/browser/?genome=hg19&datahub=http://vizhub.wustl.edu/hubSample/hg19/hub.json

Data Management: Screenshot

Al aops

File upload

Upload data from text files.

Gene & region set
Create and manage sets of genesiregions

Gomome snopshot Use the Screenshot app in the Apps menu to save

Vi rackat Whola-genome scale images of the current genomic view.

Scatter plot
Compare two tracks over & gene set

Split panel

Create a secondary brawser panel

Session
Save and share contents

® show track name

This generates an SVG file that can be printed to PDF format with your web browser

. 4

The “Screenshot” app will convert the browser contents to an SVG file. The SVG
file is a high-quality vector-based graphics file. In addition, a PDF file will also be
created.

To take a screenshot, click the “Take screenshot” button. Links to both the SVG
and PDF files will be displayed.

. 4

Screenshot ¥ <

@ show track name

Take screenshot

This generates an SVG file that can be printed to PDF format with your web browser

. 4
Click either link and the file will be shown on the browser. From either page you
can save the file to your computer.

. 4
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(17 Data Management: Session

app name [ Find | All apps

Soinder s Use the Session app in the Apps menu to save the
current browser status, including tracks, view range,

Gene & region set . . LS

Creatn i ianage 36t of ganeaiegions and customization, for later viewing.

Genome snapshot . . « »

N oS e ble o S To save a session, click the “Save” button. Enter a

R name for this session (optional). A link to the saved

Compare two racks over a gane sat session will appear. Alternatively, the user can

Split panel download the session as a JSON datahub file.

Create a secondary browser pane!

Sessions
Current session ID fﬂm
TEmus8QBNO

Current session 1D !ﬂm | "W [W'MMI' T WW\

make a note enter session ID

14 tracks | Link : . .
T T Multiple session names
e M ERmiEd can be saved under one
14tracks || Download | session ID.

Bookmark or share this link:

-/lepigenomegateway.wustl.edu/browser/?genome=hg198&session=60zr7YMfrs&statusld=2114524927

A link is generated for each session name.

A session can be recovered in three ways:

1. Save the generated link and simply use this link to reload the session.

2. Upload a saved JSON datahub file by clicking the “Upload” button in the “Sessions”
app.

3. Copy the unique session ID and paste this into the “Retrieve” box in the “Sessions”
app.

Sessions and datahubs only record information about tracks; they do not save actual track data.
If the track file has been moved, the browser won’t be able to recover that track from the
session or datahub.



Apps: Gene & Region Set View D

Use the Gene & region set app to show track data over a set of genes or regions. The
“Gene & region set” app enables track data to be displayed over regions that are not
adjacent on a chromosome or even on different chromosomes.

,,m__._.“m RN R PUPUene 77 1 1 SRR ¥ O
B Y . A i .

‘h m Hl\‘l |||| Il ”I‘i \||L_ UH. INIJL hHIIII Lx._ bl ‘I ] ""”h”m W” ” Il i||\| J"IN\.. Il ‘ Nll‘ll_ ‘umu ” Sl in
miz:igg CYPdBlCYPZ } Exgggimcvpsmlﬁ—ﬂiﬂﬂssm— CYPIAIH—(—H—H CVPZ!M CYPZA?M
CYP24A1
Red: 2.5 KB Green: 2.5 KB
downstream of TSS. — upstream of TSS.

T
Middle: gene transcription start site (TSS).

Gene & region set 'y~ N
You don't have any gene sets yet The user can create a set of genes or regions of
interest.
Try the file uploader
Gene & region set
You dont hive any gene sets et Gene and region sets can be submitted in three
ways:
a1t goorans o orantes o e gt 1. By pasting a list of gene names or genomic
O Eaoe i T b oot Aol coordinates in the “Gene & region set” app.
rane e e SR 2. By file upload in the “Gene & region set” app.
e 3. By using predefined KEGG pathways.

The user can specify custom flanking regions (up to
5 KB on each side) surrounding the gene
transcriptional start sites to focus on the gene
promoters.

Asetof 13 genes 13items ) ) ) )
“Gene set view” can be applied to see all regions in
e one browser view. To quit the gene set view, click
the pink button next to the zoom buttons near the top
nawga 1) scatfter plot

of the browser.




(19 Apps: Split Panel

Use the Split panel app to “split” the browser panel in two. The order of the tracks
remains the same in both of the panels, but the panels can be separately scrolled and
zoomed. This allows the user to easily explore data patterns of the same set of tracks
across two different genomic locations.

Main panel navigation buttons. Split panel navigation buttons.
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RefSea genes 8 H IOXA!
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Main panel Split panel

HOXB-AS3H-H

When splitting the browser panel, the browser inserts a blank panel to the right of the
existing panel.

Sample
Assay

New panel will appear here

| SELECT VIEW RANGE |
Canca! |

18 T ORI PO T 20

W O W W 7

MMM.MM

Sample
Assay

New panel will appear here

Click the “SELECT VIEW RANGE” | SELECT VIEW RANGE |
button to choose a view range for

the new panel. hoxot] | [ Go | [ Clear

HOXB13 -
HOXB1 | Find SNP

) hoxb1a
Zoom into a chromos o.113an




Features: Juxtaposition @

Use the juxtaposition function to focus on data over a subset of the genome.
After juxtaposing on RefSeq genes, intergenic regions are hidden, and only data
over gene bodies are shown. When running juxtaposition, the browser can be
zoomed and scrolled as normal. The juxtaposition function is applicable for other
types of positional annotation data in addition to genes.

To run juxtaposition, right-click on a gene or annotation track and click
“Juxtapose." To quit the juxtaposition view, right-click on any gene or annotation
track and click “Undo juxtaposition."

Normal view Genomic view with intergenic regions included.

03818

H3K27me3 uflIMliﬂﬂ }
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Juxtaposition view Genomic view with intergenic regions removed.

In the following example, juxtaposition reveals enhancer signatures (H3K4me1)
over several LTR elements that are otherwise hard to see.
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D Apps: Genome Snapshot

app name _Find | All apps

File upload
Upload data from text fles

Gene & region set
Create and manage sets of genes/regions

Use the Genome snapshot app in the Apps menu to visualize
View track 8t whale-genoma scale the genome-wide profile for numerical tracks over all
Scatter plot chromosomes.

Compare two fracks over a gene set

Split panel

Create a secondary browser panel

Session
Save and share contents

Screenshot
Make publication-quality image

. 4

Genome snapshot

Add track Add gene set @ Configure Screenshot

H3K9me3 of IMRS0 be;
H3K27me3 of IMRS0 be

11AsAT A _ramAA . A

PRI 1 F R W WY T 10 T) g o] A.Mm.l..hm TRV TR Y

ChlP-Seq input of IMRI0 |becoraph i
H3K4me3 of IMR9O i
H3KAme3 of IMR90 o N R ARER S el TSR TR O R ! [ TRV e P TRR
H3K4me1 of IMR9O be i | | | 3.00437
[H3K4me1 of IMROD oo i HaK4me1 of IMRS0
H3K9me3 of IMRI0 e 1| | L _J_ s ol ke i
i
i

ph

H3K8me3 of IMRS0
chré 169247814

Numerical tracks from the browser can be added to the genome snapshot using the “Add
track” button. Above, H3K4me1 and H3K4me3 of IMR90 cells are shown. Just like browser
tracks, track styles can be customized when the user right clicks. The global view can be
changed using the “Configure” button. Lastly, a snapshot of all chromosomes can be captured
and saved using the “Screenshot” button.



Apps: Find Orthologs

Use the Find orthologs app to identify highly similar genomic regions from the
query genome for a set of target genomic regions based on the information in a
genome-comparison track.

To find orthologs: A setof 13 genes 13 items
1. Display a genome-comparison track by
selecting “Tracks” > “Annotation Tracks” >

“Genome comparison”. =
P scater it

2. Create a gene set for the target genome.
3. Send this gene set to the “Find orthologs” app. gene plot [l | find orthologs
4. Click the “find orthologs” button.
5. View or export the result. X Remove
4

|- Choose hg19 gene se|-| Asetof 13 genes, Compare with mm9| Find orthologs I\ Export || Compare epigenomes |

NQ19 click o view in browser mm9
CYP4B1

chr1:27223508 47276522, 53.0 Kb

—
ENSMUST00000030482 chra:115314544- 115374760, 60.2 Kb 119 aligned 1 more hit
CYP2C8 hefecdecfeeeceeececeeeceeleficd
chri-a6796526-86528254, 2.7 Kb I “\‘\N "““w:a_\\ “\\\\
i 5 =X
CYP2C67 <hris:39683573-39723609, 40.0 Kb 25% aligned 4 More hits
___CYP3Ad

%HH—«H%-@H—HM—%H«%«&&H%H

Cyp3al3 ches:138335004-138362846, 27.8 Kb 41% aligned 2 MOTe hits

1 e e
chr7:51741462 01784058, 226 Kh |\-\ ’I I' ‘”” / \\'\?k\‘

Cyp51 ms 4081625-4104654, 23.0 kh 29% aligned

CYP4V2 l—)—)—)—}—)—b—l—l—)—}—)—y}—)—)—)—)—)l—)—)a—)—l;—r_
chra:187112673- 187134617, 219 Kb
A h—h =t

CypdVS chr8:46390751-46418653, 27.9 Kb 61% aﬁgneﬂ

-t

e YT

For each target region, the most similar region is found from the query genome
based on the data in the genome alignment track. In the resulting output, the
target genome regions are ranked by length in descending order. Each pair of
aligned regions is graphically rendered.

Target gene name. Line width Target genome gene model.

indicates relative region length. |
| CYP51A1 mmmessshcdesceecehfes b eeeikeeca
chr7:01741462-91764059, 22.6 Kb |\.\ JI ]L' “’” / \\\A‘— Sequence

ek alignment.
Cyp51 chrs 4081625-4104654, 23.0 Kb 49% aligned

Target genome coordinate. Query genome gene name, gene
model, and coordinate.



(23 Apps: Scatter Plot

pname | Find | All apps

Use the Scatter plot app in the Apps menu to assess the
relationship between two numerical tracks over a gene set.

Scatter plot
Compare two tracks over a gene set

S
Sesslonﬂr N
Scroenshot
N
Scatter plot / ”
Choose a pre-made gene set. Choose two
| Choose agene set  No gene set selected numerical tracks for the x- and y- axes and
click “SUBMIT."
| choose track » | choose track » SUBMIT
for X axis for Y axis Reset
. 4
114355]] o
101 Anti-correlation between
- H3K4me3 (active mark) and
H3K9me3 (repressive mark) in
= ST human IMR90 cells over a list
g T of regions.
o L]
= A= _ .
; - The plot is interactive. Mouse
= B 1 over each datapoint for
£ o 2 ° information.
34 . : :
P Click a datapoint to show its
< .- corresponding region in the
L] po o 0° -
adl ] 2. a0 ® 1 browser.
& - L]
0173639 g

0 10 20 30 40 5 60 70 B0 90 100 110 120 130 130 15733
H3K4me3 of IMR90 (X)
graph width | + | [ = | height [ + | | = |

dotsize 4 ||-| [dsc v opacity[+]| -]

Customization options.

In making the scatter plot, the average value over each item in the gene set is
calculated for both numerical tracks.



Apps: Gene Plot (24

Use the Gene plot app to explore the data variation and distribution of a numerical
track with respect to a group of genes or regions of interest. The gene set needs to be
loaded using the “Gene & region set” app before using the “Gene plot" app. Search

for the “Gene plot” app in the Apps menu. Ty,

0- gene set

Choose a gene set.

Choose a geneser | No gene set selected

1 - Data track

Select the data to be plotted.

Select a numerical track to provide data for plotting

Four plots (box plot, matplot, gene part
plot, and clustering) are available, and
each is fully customizable.

All genes and genomic intervals are tiled together, genes are always from 5'to 3

- end, relative to their strands. Track data of each gene are summarized into fixed
+ length vectors, and median value over each data point is piotted.

(50 :J

Number of data points | =]

i whisker range | L5x of box span +Jout
{ [ piotaverage values

3- Rendering method

Plots can be rendered in either R or
GOOg|e Charts. [ R software on our server ¢ || Click to enable Google Chart |

R software generates box plots in form of still PNG images
Google Chart generates interactive line plots

Gene transcription start sites.
2.5 KB upstream of TSS. ¢ » 2.5 KB downstream of TSS.

o
A

Data value distribution
20 30 40

10

T T T T T T T T e T T T T T T T e T T T A T T T T T o T T T
1 5 9 13 18 23 28 33 38 43 48|53 58 63 68 73 78 83 88 93 98

‘Genomic positions from 5' to 3"

The above boxplot shows the IMR90 H3K4me3 signal distribution over 5 KB regions
centered on the transcription start site of 100 random human genes. Data from each
region is evenly summarized into 100 data points, and a boxplot is shown over each
summary point to indicate the data distribution. Outliers are hidden in the boxplot.

100 150 200 250 300
L

Data point values
Data value distribution

e
8
—
T T T T

promoter  5' UTR exons introns 3'UTR

Genomic positions from 5' to 3' Genomic positions from 5' to 3'

Individual curves for each item.  Profile over gene features. Hierarchical clustering.



Roadmap EpiGenome Browser

The Roadmap EpiGenome Browser' is built on top of the WashU EpiGenome
Browser to serve as a point-of-access to explore and analyze comprehensive
epigenomics data generated by the Roadmap Project.

Highlights:
1. Access tens of thousands of epigenomic assays with a few clicks.
2. Applies real-time data clustering to reveal cell type-specificity of

epigenetic marks.
3. Reveals covariations of epigenomic profiles and gene expression.
4. Integrates datasets from Roadmap Epigenomics and ENCODE projects.
5 Supports cross-species epigenome comparison (human and mouse).

Visit the browser at: http://epigenomegateway.wustl.edu/browser/roadmap

RoApmaP EPIGENOME BROWSER v1.05

To start anew,
select genome

hgls v

Powerep sy WASHU EPIGI

mm9

Load

.

Select a genome (human hg19 and/or
mouse mm9) and click “Load” to continue.

The browser starts loading information on the

RoApmaP EPIGENOME BROWSER vi05

rowereD By WASHU EPIGE

Select viewrange hgl9 EeieHEiEraalraCik sy R

Loading 346 samples...

18/346 CD19 Primary cells
19/346 CD15 Primary cells
20/346 CD14 primary cells
21/346 Breast vHMEC

221346 Adipose Derived Mesenchymal Stem Cell Cultured Cells

23/346 Breast Myoepithelial cells

24/346 Bone Marrow Derived Mesenchymal Stem cell

samples.

Click the Navigation box to choose a view range.
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http://epigenomegateway.wustl.edu/browser/roadmap

Roadmap EpiGenome Browser

1 Epigenetic annotation of genetic variants

125

Multiple sclerosis-associated noncoding SNPs are annotated using epigenomic and
expression data. rs307896 marks an enhancer common across all displayed samples,
whereas rs756699 is located in an enhancer specific to immune cells.
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2 Cross-species epigenome comparison

Human and mouse epigenomes can be compared over orthologous regions.

Human and mouse homologous genes found by the “Find orthologs" app. @
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Click an alignment to show epigenomes over the two regions.
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