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0. Notes

e To follow along with this tutorial, use instructions marked by >. We have provided
screenshots for guidance (ordered by bracketed alphabets: [A], [B], ...)

o (lick in the order of the numbered-circles on the screenshots to follow this tutorial.

e To catch up with any section of the WashU EpiGenome Browser tutorial, use the
provided S el[e) and the e, listed at the end of that section. For this,

follow these steps:

> [A] Click the Apps button to display the Apps menu. Then click Session.
> [B] Under the Retrieve button, enter the S [5301%, and then click the Retrieve

button.

> This will generate a list of [l . Click the session of interest.

[Al
1 bo Tracks Appga

app name | Find | All apps

File upload

Upload data from text files

Gene & region set

Create and manage sets of genes/regions

Genome snapshot
View track at whole-genome =scale

Scatter plot

Compare two tracks over a gene set

Split panel

Create a secondary browser pane

Sesslon
Save and share contents

Screenshot
Make publication-quality image

Current session ID
OAENCTES ¥ Save A Retrieve 1 Upload

make a note 3 enter session |

e To catch up with any section of the Roadmap EpiGenome Browser tutorial, go to the
provided Srrtahiiy, listed at the end of that section.



1. Getting started with the EpiGenome Browser

1.1. Loading the browser

> Access the browser at http://epigenomegateway.wustl.edu/browser

1.2 Selecting the genome assembly of interest

> For the purpose of this tutorial, please select Human hg19.

> However, you can see that many other genomes are also available.

S

Select a genome

Animalia Mammal
Plantae Vertebrate
Other Other

Animalia

Plantae

Rest



http://epigenomegateway.wustl.edu/browser

2. Loading data on the EpiGenome Browser

21.

Data hubs: A data hub is a collection of datasets (also called tracks) that can be
viewed on the browser.

> [A] Click the PusLic hubs (15 available) button to view all the available public
datasets on the EpiGenome Browser.

> [B] Click the Reference human epigenomes from Roadmap Epigenomics
Consortium (2 hubs) button.

> [C] This will generate a list of available data hubs. Click the Load button on
Roadmap Data from GEO (2737 tracks) box. Once the datasets are loaded, exit the
data hub menu by clicking the X at the top-right of the panel or pressing Esc.

The "hg19" genome has been loaded.

Would you like to go to ...

CUSTOM tracks PusLIC hubs (10Iable} GENOME browser »

Public track hubs Iy <N

——— 1 [ [e———
———]

After loading a hub, you can find the tracks in track table.
We welcome you to and publish your data as public track hubs.

Reference human epigenomes from Roadmap Epigenomics Consortium 2 hubs

mmmwmmnnuwmmwummm
resource of human epigencmic data to catalyze basic

m mmum sequencing
anﬂn-y-ulnhnlm llnnllrl ““::lﬂmﬂu:“

syslems frequently involved in human disease mmm

Roadmap Epigenomics Consortium

This collection has following hubs:

Roadmap Data from GEO 2737 tracks g

methylCRF tracks from Roadmap 16 tracks Load |



3. Navigating the EpiGenome Browser

3.1. Layout of the EpiGenome Browser
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3.1.1. Dialogue box

> This box logs all the actions performed by the EpiGenome browser. Any errors the
browser encounters are displayed.

Stand by
Tracks added P

3.1.2. Resources

> This window contains links to the documentation on the browser (Wiki);
social-media discussion forums (on Google+ and Facebook) for the browser; and
the Roadmap EpiGenome Browser, a companion browser for visualizing and
analyzing data from the Roadmap Epigenomics Consortium.

-
Wiki

Community:
Roadmap EpiGenome Browser



3.1.3. WashU EpiGenome Browser

> This region contains the data tracks aligned to the genome along with reference
genes and a chromosome ideogram. Additional public track hubs, annotation
tracks, and custom tracks can be added by the user.
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3.2. Navigating the genome on the EpiGenome Browser
3.2.1. Genome navigation controls

> The controls enable exploration across the genome using the zoom in,
zoom out, and scroll buttons.

> Alternatively, click the navigation box to enter the genomic coordinates of a
region of interest. Click Go to move to the new region.

Navigation Box Zoom in & out Scroll
chr7:27053397-27373765 —% —1 —5 |« P
RN ci12 s  qi1.21 q11.23 T
27160000 27170000 27180000 27190000 27200000 27210000

Coordinate Ruler Chromosome ideogram



3.2.2.

Data visualization

> Numerical tracks represent the density of reads from sequencing
experiments aligned to the genome.

> Track names for each track are listed on the left-hand side of the track.

> On the right-hand side of the tracks is a heatmap, which represents the
metadata for the tracks. Metadata are terms used for annotating tracks with
experimental and sample information.

> Below the numerical tracks are annotation tracks, including annotations of
genes and transposable elements.
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3.3. Adding datasets on the EpiGenome Browser

3.3.1.

Facet table: The facet table organizes all the loaded datasets into a table to allow
the user to search for datasets using metadata terms. Rows represent samples
and columns represent assay types. Cells with numbers represent the number of
datasets for a particular sample and assay combination. For example, in the cell
with numbers 11/130, 11 represents the number of datasets currently loaded on
the browser, while 130 represents the total number of datasets available.

> [A] To display the facet table, click the Tracks button near the top of the
browser to display the Tracks menu. Click the teal box at the top of the menu
to display the facet table.



> [B] To search for datasets, click on Fetal Cells/Tissues and then select Fetal
Brain. Click the cell corresponding to the Epigenetic Mark column and the
Fetal Brain row to list the datasets in this category.

> [C] To add the datasets, first select the datasets H3K9me3 of Fetal Brain
and H3K4me3 of Fetal Brain. Then, click the Add 2 tracks button.

> To exit this window, click the X at the top-right of the panel or press Esc.

[A] [B]
OTTEICKS _ Experimentalassaytracks [ ¥ &Y

Row X2 coumn 9

2737 ToTAL / 11 sHowWN | Igi

CLICK FOR TRACK TABLE (@) i gg g%

track name Find | ? oms om| | [mESIPSCels

PuBLIC track hubs

NNOTATION tracks

USTOM tracks
[C]
H3K9me3 of Fetal Brain | bigwig i
DNase hypersensitivity of Feta... biowia i
H3K4me3 of Fetal Brain | bigwig i
H3K27me3 of Fetal Brain bigwig i
ChlP-Seq input of Fetal Brain bigwig i
DNase hypersensitivity of Feta... | viowia i

DNase hypersensitivity of Feta... ciowio i

DNase hypersensitivity of Feta... | ciowia i

8 Add 2 tracks | Select all | Deselect all

To get additional tracks, load public track hubs.




3.3.2. Searching for datasets using the track search box

> [A] Click the Tracks button. In the search box, type Fetal Brain AND H3K4me3,
and then click Find.

> [B] This will list all replicates for this sample and assay type. Only one of the two
boxes listed can be selected since the other replicate has already been loaded (see
section 3.3.1). Click the second H3K4me3 and Fetal Brain and then click Add 1
track.

(Al

OTracks
2737 "

[B]
H3K4mea3 of Fetal Brain ciowio i

o Fetal Brain AND| Find o H3K4me3 of Fetal Brain ° i P

Add 1track 5 | Selectall | Deselect all |

PuBLIC track hubs
ANNOTATION tracks
CusTOM tracks

> Repeat this process to add one more replicate track for Fetal Brain AND
H3K9me3 and click outside the floating window to get back to the browser.

To catch up to this point in the workshop, enter the session ID [[= and
click the session named [[GEIETEEEE,

3.3.3. Formatting the view range

> To adjust the browser width, click the & button near the top of the
browser. The + and - buttons increase or decrease the browser width. Click
+ then Set to change the browser width.

> Similarly, the width of the track names can be changed using the + and -
buttons.

Tracks Apps @)

Browser panel width Track name width

o - - B+ — - -



3.3.4. Changing the height of tracks

> [A] To select multiple tracks, hold down the shift key and click the names of
the four Fetal Brain tracks that were just added. Right-click the
yellow-highlighted tracks then click Configure.

> [B] Click the + sign repeatedly to increase the height of the tracks. This does
not change the y-axis scale.

> Click outside the configuration menu to get back to the browser.

[B]
positive
[A] negative
3K4me3 of Fetal Brain [ ]
3K9me3 of Fetal Brain 111 mm
3K4me3 of Fetal Brain i I )
H3K9me3 of | Y-axis scale | Automatic scale 3

4 selected

SN © Configure 2 Summary method [ Average +| _?

1-divergencesc ¥ Apply matplot

Logarithm | No : ]

Heigp - + - m

O Smooth window 7

RefSeq genes .
"9 X Cancel multiple select

X Remove

To catch up to this point in the workshop, enter the session ID [[Z5 1+ .- 115+ and

click the session named [#0011s 0o el ol

> To deselect the four tracks, right-click the yellow-highlighted track names
and select Cancel multiple select.

33.02

H3K4me3 of Fetal Brain
0];_*4‘.4.4__. il i

8.56

H3K9me3 of Fetal Brain-| |
4 selected

H3K9me3 of Fet oy Conﬂgure

Hakamea of Fat ¥ Apply matplot
X' Cancel multiple se. 4

X Remove

3.3.5. Reordering tracks
3.3.5.1 Reordering by metadata terms

> To reorder the tracks based on assay type, click the Assay term above
the heatmap.

10



Sample

Assay
Sample
Assay

3.3.5.1 Reordering by click-and-drag

> Alternatively, clicking on a track name and moving that track to a new
position can reorder tracks.

> Select the methylC-Seq of IMR90 track and move the track above the
chromHMM track.

‘chromHMM of IMRW . I

motnyiC-Seq of IMRm methylC-Seq of IMR90

0
p1

melhyIC ImethylC-Seq of IMR90]

i AN Ml b

3.3.6. Changing the color of tracks

> [A] Select the ChIP-Seq input of IMR90 tracks by right-clicking on the track
name and then click Configure.

> [B] In the configuration menu, click the positive button and then select the
color of your choice to change the color of the track.

(Al [B]

mHMM of |

13.83 _ 13.83
ChIP-Seq input of IMR! ChiP-Seq input of IMR.I

positivit 3

i Information red green blue

maroon olive [Gf8hg 4

HaK4 X Remove =
teal fuchsia slateblue

__9J indigo brown crimson
bluevelvet dimgray

S </0ry u
]

13.83
ChIP-Seq input of IMR .
0 _Juld “”H | " H:
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> Click outside the configuration menu to get back to the browser.

To catch up to this point in the wnrkshni, enter the session ID and
onti

click the session named gure browser 28

3.3.7. Changing the y-axis scale for tracks

> [A] To select the four H3K4me3 tracks, right-click the blue rectangle in the

heatmap (under the Assay metadata term column) and click Configure.

> [B] To change the height of the selected tracks, click the y-axis scale
drop-down menu and then select Fixed. This will generate textboxes in
which a y-axis range can be entered. Type 150 in the max textbox. Click
apply to change the y-axis scale.

> [C] To color data beyond the range of the current y-axis, click the beyond

threshold button. This will generate a window with color options; select the

color of your choice

[A]
= NRY A
- f | P ‘
W."- :f&j . b ...IJJ IS WSURT O
I 1__,. ) Lowadl, \ Las
[B] [C] .
beyond threshoi.
negative red green blus

-

Y-axis scale [ Fixed Y-axis scal ol wal fuchsia slateblue
min: [0 ro ame min indigo brown crimson
bluevelvet dimgray

Summary method | Average 3 7 Summary met

Logarithm [ Noe ¢ Logarithm [ Ne

Height * — + a Unify Height * — + m
Smooth window _2_ Smooth window 2
Bar chart background 2 Bar chart background 2
Track background Track background

> Click anywhere outside the Configure box to get back to the browser.

To catch up to this point in the workshop, enter the session ID [« /1" and
click the session named [&7e 1 F T he fol Lo ie.

12



4. Sessions: saving and retrieving browsing sessions
4.1. Saving sessions

> [A] Click the Apps button and then select Session.

> [B] Type IEC browsing in the dialogue box under the Save button and then click
Save. Click the X at the top-right of the panel to get back to the browser.

Tracks Am
app name Find All apps [B]
Sessions /&
File upload
Upload data from text files
Gene & region set
Create and manage sets of genes/ragions
Genome snapshot g i E
View track at whole-genome scale nd IjQI(EGYB 1 s‘" A— m. f UM
Scatter plot
Compare two tracks over a gene sel
- +

Create a sacondary browsar panel

Session

Save and share contents 2

Screenshot

Make publicaticn-quality image

4.2 Sharing links for collaboration

> To generate the link for this session, click the Link button next to the session name.
This will create a floating window with a URL that can be shared.

ndij9kEGYB
17 tracks (107"

Bookmark or share this link:

http://epigenomegateway.wustl.edu/browser/?
genome=hg19&session=ndij9kEGYB&status|d=1403266818

4.3 Retrieving Sessions

> Launch a new instance of the EpiGenome browser in a new window by going to
http://epigenomegateway.wustl.edu/browser. Select the Human hg19 genome
assembly. Click the GeEnome Browser » button to proceed to the browser.

> [A] Click the Apps button, and then select Sessions.

> [B] Enter the session ID in the search box under the Retrieve button, and
then click Retrieve. This will list all the available sessions under this session ID.

13



http://epigenomegateway.wustl.edu/browser

Click on SJZIT. This will retrieve a new session that will be used for the last section
of this tutorial.

Tracks App&

app name Find All apps

3]
5
Eglga?g:x?:’?m" text files %/ b ﬂ

Gene & region set
Create and manage sats of ganesiregions

Genome snapshot
View track at whole-genome scale

Current session ID m‘ T '[r“HT 4 N

Scatter plot 5UoQ6ZNU0Oo

Compare two tracks over a gena set

Split panel
Create a secondary browsar panel R]

re contants

Screenshot
Make publication-quality image

> Click the X at the top-right of the panel or press Esc to get back to the browser.

> |n this session, we will be using Roadmap datasets to analyze tissue specificity of
RNA Expression and H3K4me3.

> The session contains pre-loaded RNA-Seq, H3K4me3, and methylC-Seq
data for the left ventricle (heart), hippocampus (brain), spleen, small intestine, and
sigmoid colon.
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5. Using Apps on the EpiGenome Browser

5.1 Matplot: A matplot (line plot) is used to compare two or more data tracks by plotting
datasets on the same X and Y axes. Move to gene MYHG6 in the browser.

> [A] Hold down the shift key and click the names of all the RNA-SEQ tracks.
Right-click any of the tracks’ hames. Click Apply matplot.

> [B] This will generate a matplot track.

> [C] To change the color of the numerical tracks, right-click the name of the
matplot track and click Configure.

> [D] Click the blue-box beside the Left Ventricle. Select red to change the color of
the RNA-Seq Left_Ventricle from blue to red. Colors can be changed for all
subsequent tracks in the same manner.

> [E] This results in a track where the RNA-Seq data from the four tissues share the
same y-axis and can be easily compared. It is evident from this view that there is
high expression of MYHG6 in heart as compared to other tissues.

(A] Bl

matpiot wrap

77699 RNA-Seq of Left_Ventricle
INA-Seq of Left_Ventricle ANA-Seq of Brain Hippocampus Midd|
l RNA-Seq of Spleen
4 s RNA-Seq of Sigmoid_Colon

e16
H3K4me3 of Left_Ventricle :|
1||||I| 1 “hIIHI“ HN [C]

INA-Seq of Brain Hippocampus Mnddls:| matpiot wrap

metnylC-Seq of Left_Ventricle [D]
RNA-Seq of Left_Ventricle

— Brain Hippocampus Middle
5 E| green blue FEIGTY ST

maroon olive - Bigmoid_Colon
teal fuchsia slateblue

77699
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- RNA-Seq of Brain Hippocampus Midd
RNA-Seq of Spleen
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Remove
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X Cancel multiple select [E]
5i
INA-Seq of Sigmoid_Calon X Remove T
matplot wrap
9 RMNA-Seq of Left_Ventricle
H3Kk4me3 of Sigmoid_Colon l ANA-Seq of Brain Hippocampus Midd
0 ey RNA-Seq of Sigmoid_Colon
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To catch up to this point in the workshop, enter the session ID [Z&: .1 and click
the session named [0

>

>

[A] To exit from the matplot view, right-click the matplot track name and click
Cancel matplot.

[B] This ungroups the tracks, but keeps their new colors. These tracks can then be
moved back to the original order.

(B]

[ Seqof s Fipocamis
7768083
matplot wrap et e s n
RNA-Seq of Left_Ve s SeqofSgmois_Cobn
RNA-Seq of Brain Hi
RNA-Seq of Sigmoic} ‘ l “
i . (1R T - “
Il IRNA-Seq of Spieen o
o Configure
RefSeq genes
L e, 1 NNRIN il
ol 1 1l
RepeatMasker | Information RNASeq o et venters “ l
M‘“—MLQ

[Refseq genes “

||||||||
X_Remove

5.2 Gene & region set: The Gene & region set app is used to visualize multiple genomic
regions in parallel. The app enables track data to be displayed over nonadjacent
regions on a chromosome or even regions on different chromosomes.

>

>
>
>
>

Enter the session ID [Ze1:[5310%) and click the session named This session
includes three gene sets: “Heart”, “Colon”, and “Heart and Colon”.

[A] Click the Apps button and then select Gene & region set.
[B] Three genes sets are available. To add a set of genes click + Add new set.
[C] Select the Heart button and click #. edit.

[D] Under the list of regions, click the change » button to modify the view range.
First select the radio button for 5" and 3’ flanking and then select the radio button
for entire gene or interval. Adjust the green slider to 1 KB and the red to 5 KB.
Click anywhere outside the window to exit this window and repeat for the other
two sets.

Scatter plot
c two tracks over a gene

Split panel

Session

Screenshot

(D]

e
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> [A] To view the “Heart and Colon” gene set go to apps Gene & region set, select the
Heart and Colon button, and then click gene set view.

(Al
Heart and Colon 19items

X Remove

Change the Y-axis scale on all RNA-Seq tracks to a fixed scale with a max of 150.
Change the Y-axis scale of all H3K4me3 tracks to a fixed scale with a max of 40.
Adjust the height of the RNA-Seq tracks and then sort the metadata by sample.

This results in a tiled-view of 19 genes arranged beside each other. By setting the
same y-axis scale for all RNA-Seq data the tissue specific expression of each gene in
the set can be appreciated. Additionally, looking closely at each gene reveals that
many have strong H3K4me3 peaks over the TSS and promoter region in the tissue
where the gene is highly expressed (indicated in red for left ventricle and black for
sigmoid colon).
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* =% =1 =5 4P onepixel spans 171 bp Tracks Apps @
2.
3423!—.|. 3
o ﬁ
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RNA-Seq of Brain Hippocampus Middle

]
4
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)
o
M
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RNA-Seq of Spleen
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RNA-Seq of Left_Ventricle
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To catch up to this point in the workshop, enter the session ID and click
the session named (€[5 =R AL

> To exit the gene set view, click Showing entire set | X near the top left side of the

browser.
Showing entire set | X '&&,

5.3 Gene plot: The Gene plot app summarizes the data distribution across multiple
regions by splitting the regions into bins. Change the gene view area in each Gene &
region set to gene body only. This app can also be accessed by clicking on any gene
set.

> [A] Click the Apps button. In the search box, type Gene plot and select the Gene
plot app.

> [B] To make a gene plot, follow these steps:

> In the 0 — Gene set section, click the Choose a gene set button. Select the
Colon gene set for this analysis.

> In the 1 — Data track section, click the Select numerical track » button and
then click H3K4me3 of Sigmoid Colon.

> |n the 2 — Graph type section, use the default graph type, a box plot. Click
the plot average values check-box. To change the box color, click the box
color button and then select the color of your choice.

> Click the Make gene plot button to create the gene plot.

(B]

[A]
Tracks AFQ ° 2- Graph type| [ ines | gene pans | )

All genes and genomic intervals are tiled together, genes are always from 5' to 3'
Gene plof Find | All apps
Gene {

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

3 - Rendering method

| 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
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> Repeat these steps with the Heart gene set and the H3K4me3 of Left Ventricle
dataset. Use a different box color.

> Comparing the two gene-plots reveals that the H3K4me3 signal is the strongest in the
5’ upstream region of the gene with an an appreciable depletion when moving towards
the 3’ end when pairing a preferentially expressed tissue-specific gene set with its

corresponding H3K4me3 track.

20 25

Data value distribution
15

Colon H3K4me3

TT T T T T T T LI B B e TT T T T T T TTTT TT T T
1 3 5 7 9 11 14 17 20 23 26 29 32 35 38 41 44 47 50

Genomic positions from 5' to 3'

40 60 80

Data value distribution

20

Heart H3K4me3

vvvvvvvvvvvvvvv

1 3 5 7 9 11 14 17 20 23 26 29 32 35 38 41 a4 47 50

Genomic positions from 5' to 3"

5.4 Scatter plot: The Scatter plot app is used to assess the relationship between two
different datasets across multiple genomic regions.

> [A] Click the Apps button and then select Scatter plot.

> [B] To select the genomic regions to plot, click the Choose a gene set button and
then click the gene set Heart. This gene set contains genes known to be expressed
in a tissue-specific manner in the heart. To select the numerical track to plot on the
x-axis, first click the Choose track » button above the “for X axis” button then
select RNA-Seq of Left_Ventricle track. To select the numerical track to plot on
the y-axis, first click the Choose track » button above the “for Y axis button” then
select the H3K4me3 of Left Ventricle track. Click SUBMIT to create the plot.

[Al

Tracks ‘ .@

Find | All apps

File upload

Gene & region set
Genome snapshot
Split panel
Session

Screenshot

=]
~ Scatterplot /&Y
|

| Choose a gene se art

[ choose track » | \@I ‘@
RNA-Seq of Left H3K4me3 of LefLo | Reset |
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> The resulting scatter plot shows the correlation between gene expression and

>

H3K4me3 for the left ventricle across the gene set. H3K4me3 is associated with
active promoters, so the correlation is expected for this set of nine genes that are
expressed in the heart.

11.36]

10+

9

(v

8-

H3K4me3 of Left_Ventricle

1.22 ]

119.64 2000 3000 4000 5000 G000 7000 8OO0 9000 10518.

RNA-Seq of Left_Ventricle (X)

graph width | + || — | height | + || —
dot size | + || — disc : | opacity| + || —  color |

To exit the app click the X at the top-right of the panel or press Esc.

6. Creating Custom Tracks on the WashU Epigenome Browser

Now that you know the ins and outs of the WashU Epigenome Browser it is time to explore your data.

>

>

>

[A] Click the Tracks button then click Custom Tracks.
[B] Click on + Add new tracks.

[C] There are many supported formats that can be uploaded readily to the browser.

Data must be hosted on a web server accessible to the browser. Click BED to
create your first custom track.

[D] Click Use example and then SUBMIT. The track now appears in the browser
window, click X to return to the browser window.
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[Al
Tracko [B]

1 5 TotAL [ 15 sHowN E

CLICK FOR TRACK TABLE 1 5 TOTAL

track name - ? } List Df a"

PusLIC track hubs * Add new track 3

ANNOTATION tracks

CuUSTOM tracks (15) | 2 [C] '
Add new custom tracks f < 4

Tracks need to be hosted on a web server that is accessible by this browser server.

Got text files instead? Upload them from your computer.

To submit or track, use Datahub.

Add new custom tracks / C '\ Go back

Bed track | help

BED file URL lhttp:Hvizhub.wustl.edu,rhubSamplelhg]

Track name |example bed track | Clear |

Showas [ful  :|

[ use enwe[ suwo

To repeat this section of the tutorial, enter the session ID and click the

session named =Gl e .
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> [A] Finally you may want to take a screenshot of your final tracks, a gene of
interest, or a gene set. Click the Apps button then click Screenshot.

> [B] Click the show track name button then click Take Screenshot.

(Al

Tracks Ap]
ppname | Find ] All apps [B]
Screenshot /| &

3 _ show track name

4 5
This generates an SVG file that can be printed to PDF format with your web browser

> (Click either the Link to the svg file button or the Link to the pdf file button to
save a high quality screenshot.
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Using the 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 and ENCODE projects (>20k datasets). The Browser performs
real-time data clustering analyses to reveal cell type-specificity of epigenetic marks.

In this section of the workshop, we will demonstrate how to annotate non-coding genetic
variants with epigenetic data using the Roadmap EpiGenome Browser.

7.1.Launching the browser

> Access the browser at http://epigenomegateway.wustl.edu/browser/roadmap/

7.2.Loading data on the Roadmap EpiGenome Browser
> [A] Click the hg19 button then click Load.

> [B] The browser will load all of the Roadmap Epigenomics and ENCODE reference

epigenomes.
[A] [B]
Roapmapr EPIGENOME BROWSER v1.19 POWERED BY WASHU EFIGENOME BROWSE
To start anew, o
select genome hg19 Load

Select viewrange hg19 EScREIKrErFCTAKIETALYLN

Loading 346 samples...

2081340 WWI-38
269/346 GM12873
270/346 NHEM .f M2
271/346 Urothelia
272/346 AG10803

ITAIAL LI

> To display tracks for a specific epigenetic mark, click the Select assay types...
button. Select H3K4me3. H3K4me3 is associated with actively transcribed
promoters. Click Submit. The browser will display the H3K4me3 tracks for all
samples.

Select assay types.. b4 Submit o

Search

H3K4me1
H3K27ac
H3K27me3
H3KS8me3

H3K36me3

[1+]

methylC-

)
1]

~
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http://epigenomegateway.wustl.edu/browser/roadmap/

To catch up to this point in the workshop, go to

atewa .wustl. edu/browser/roadma/t/673535216 sonf

7.3. Navigating the Roadmap EpiGenome Browser

7.3.1. Layout of the Roadmap EpiGenome Browser

SaVeISession

Dialog box:

T f‘d.

1ing 158 racks

RoADMAP EPIGENOME BROWSER  vi.19 POWERED BY WASHU EFIGENOME BROWSER v40.0.0 Xen [ acks added
Making TREE
done

H3K4me3 = ko TRE
— jaone
Q r )
la 1., 1 M i T I P P
= | | Fetal Heart [ II ‘ I | 11 | [ | ]
) CD14 primary cells | ] 11§ Jill f | I I
a { | CD4 Memory Primary cells | Il ] I 111
= Fetal Placenta | |
ﬂ_‘? { | Fetal Thymus | I
= NHLF
o { | H1 Derived Mesenchymal
= HUES48 1
Q { H1
G) CD4+ CD25int CD127+
A | Neurospheres, Cortex
‘?‘ Adipose Nuclei
] | § Brain Cinqulate Gyrus

o IHo
a q31.1
- chrs
- ACSLS
o ACSL6
0 ACSL6
o JACSLE

'.‘c:us

JACSLE

ROADMAP hg19 ROADMAP hg19 ROADMAP hg18 ROADMAP hg19 ENCODE hg19 ENCODE hg19 ENCODE hg19 ENCODE hg19
Primary Cell Primary Tissue Cell Line Cell Line Derived ES/iPS Cells Cancer Cells Fetal Tissues Adult Cells/Tissues
Samplekey,

7.3.2. Dialog box

> This box logs all actions performed by the Roadmap EpiGenome Browser. Any

errors the browser encounters are displayed.

7.3.3. Save session

> Users can save their current browsing status for future reference or sharing.

7.3.4. Roadmap EpiGenome Browser

> This region contains the data tracks aligned to the genome along with reference
genes and a chromosome ideogram. Additional public track hubs, annotation
tracks, and custom tracks can be added by the user.

7.3.5. Sample key

> This region contains the key for mapping the sample type and origin of each

sample.
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7.4. Navigating the genome on the Roadmap EpiGenome Browser

7.4.1. Data visualization

> Browser settings contain options to change which genomic regions, assay types,
and samples are displayed as well as the view range.

> Assay panel contains the numerical tracks for each sample. All tracks are of the

same assay type, for example, H3K4me3 ChlP-seq.

> Sample names for each track are listed on the left-hand side of the track. The

colored bars indicate the sample type and origin of each sample.

> The dendogram shows hierarchical clustering of the samples based on the track
data in the current view range. Whenever the assay panels are updated, for

example by scrolling, the hierarchical clustering analysis is automatically rerun to

reflect the new sample relationships within the updated view range.

> Below the numerical tracks are annotation tracks, including annotations of genes.

> The genome navigation controls enable exploration across the genome.

Browsersettings

Q)

ENOME navigation controls

H3K4me3

Sdrpleicl UStErIng

Fetal Heart
CD14 primary cells
{ll CD4 Memory Primary cells
Fetal Placenta
Fetal Thymus
NHLF
H1 Derived Mesenchymal
HUES48
H1

CD4+ CD25int CD127+
Neurospheres, Cortex
Adipose Nuclei

Brain Cingulate Gyrus
H9

|

=

ay pan

Acc
¥Rk b

Sample names

CEAR

chrs

1ACSLe
+HACSLE

ACSLE

JACSLE
JACSLE

4 ACSLE

ANNOIEHONATACKS

7.4.2. Genome navigation controls

> To zoom in or out, click on the + or - buttons. Alternatively, select a region in the
coordinate ruler to zoom in on a region of interest.

> [A] Click the blue navigation box to move to a region of interest.

> [B] The region can be specified by a genomic coordinate, a gene name, or a SNP
rsID. In the gene name textbox, type CHRNA7 and click Go. Multiple gene models
are shown for the gene. Select the first gene model to move to its location.
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T T T TT

o 20M 40M 60M 80M 100M 120M 14

:l(!IJI'ZE nate CHRNA?o | v

75669958 | | Find SNP |

160M 180M

Clear

chr1s 4047,
refGene b R i 323&2462334 Homo sapiens cholinergic receptor, nicofinic, alpha 7 (neuronal) (CHRNAT), franscript variant 1, mRN__.
refGene | e HH 3232 - 32452384 Homo sapiens cholinergic receptor, nicolinic, alpha 7 (neuronal) (CHRNAT), franscript variant 2, mRN
refGene b — - 32322685-32462384
gencodeV17 } S i 32322690-32461049 Home sapiens cholinergic receptor, nicolinic, alpha 7 (neuronal) (CHRNAT), transcript variant 2, mRN
gencodeV1T b -+ R 32322700-32464722 Homo sapiens cholinergic receptor, nicolinic, alpha 7 (neuronal) (CHRNAT), franscript variant 1, mRN

> To move the view range to the promoter of CHRNA?, click on the Assay Panel and

drag the mouse. To zoom in on the promoter, click upstream of the transcription
start site in the annotation track and drag the mouse.

> Many of the brain samples have a strong H3K4me3 signal over the CHRNA7
promoter while the blood samples do not.

H3K4me3 m + —

CD19 Primarv cells
CD4+ CD25- CD4SRO+
CD4+ CD25- CD45RA+
CD4 Naive Primary cells
CD8 Memorv Primary
CD14 primary cells
CD56 primary cells

| Placenta Amnion
CD15 Primary cells
CD3 Primary cells
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CD34 Primary cells
CD4+ CD25- Th Primary
CD8 Naive Primary cells
Bone Marrow Derived

| Stomach Mucosa

Adult Liver
Spleen
Fetal Placenta
NHLF
Fetal Heart
Small Intestine
Sigmoid Colon
CD4+CD25- IL17+ PMA-
CD4+ CD25int CD127+
CD4+ CD25+ CD127-
Chendrocytes from Bone
|+ Brain Inferior Temnnral
Pericheral Blood
Adipose Derived
— I Gastric
—l  Esophaous
Mobilized CD34 Primary
Fetal Adrenal Gland
Duedenum Mucosa
Stemach Smooth Muscle
CD34 cultured cells
Rectal Mucosa
Pancreas
Fetal Thymus

TLral

Colon Smocth Muscle
Fetal Intestine Small
Fetal Intestine Larae
Fetal Stomach
Fetal Muscle Trunk
Fetal Muscle Leq
+ Rrain Substantia Minra
Left Ventricle
Ereast Mvueurlhellal cells
| Adipose Nucle
Penis Foreskln
+ Rrain Germinal Matriv
% Rrain Anoular Guris
+ Rrain Cinailate S
* Rrain Anterior Caudate
+ Brain Mid Frontal | nbe
Penis Foreskin Fibroblast
| Duodenum Smooth

+ Rrain Hinnneamnie

+ Fetal Rrain
Neurospheres, Ganglionic|
Neurospheres, Cortex
Penis Foreskin
Panlslets
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Skeletal Muscle
Rectal Smooth Muscle
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To catch up to this point in the workshop, go to

atewa .wustl. edu/browser/roadma/t/778209644 sonf

7.5. Configuring the Roadmap EpiGenome Browser
7.5.1. Changing the height of tracks
> [A] Right-click a track and select Configure.

> [B] Click the + sign repeatedly to increase the height of the track to your
preference.

> Click outside the configuration menu to get back to the browser.

[B] -«
VT g
= negative

3 Information

b il b, ik &
Y-axis scale | Automatic scale * I
X Remove
Summary method [ Average 3| 7 | J

Logarithm [ no

Height =¥ +
Smooth window 2
Track background
Curve only

Apply to all tracks

7.5.2. Changing the color of tracks
> [A] Right-click a track and select Configure.

> [B] In the configuration menu, click the positive button and then select the color of
your choice to change the color of the track.

> Click outside the configuration menu to get back to the browser.
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i

X

7.6. Adding assays on the Roadmap EpiGenome Browser

@ configure 2 ]
Information

Remove

red green blue

VG maroon olive

brown crimson

bluevelygty dimgray

Smooth window 2.
Track background
Curve only

Apply to all tracks

[C]
TR IOV R e

“ I I |Il_Il

} | '. -I 'llll'['l'_' I’ 1I|f

> [A] To add H3K27me3 tracks, click the ¢ button near the top of the browser and

then click a

ssay.

> [B] Select H3K27me3. H3K27me3 marks polycomb repressive chromatin.

[A]

[B]

H3K4me3 o

¥ Clustering PCA
Screenshot |

chr15:32280268-32363909

d55d

)

36 ouror 157 samples

add new assays

H3K4me1
H3K27ac

H3K27me3 3

H3K9me3
H3K36me3

methylC-Seq

| Search

> The H3K27me3 data is shown in a new panel. Each row now contains H3K4me3
and H3K27me3 for a particular sample. The samples are clustered using the data
in both panels.
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> The new assay panel is over the default genomic region. By default, the view range
of each assay panel is independent of the others. To synchronize the view range of
the panels, click the banner of the H3K27me3 assay panel and select Synchronize
view range with H3K4me3.

Synchronize view range with H3K4me3

R
i ';ﬁ = View in WashU Browser
w i

Configure

*[F + Annotation track

il ﬂ X Remove

In the brain samples, H3K4me3 is high and H3K27me3 is low over the transcription
start site while in the blood samples, H3K4me3 is low and H3K27me3 is high. The
browser makes it easy to see the covariation of epigenetic marks within a region.
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To catch up to this point in the workshop, go to

atewa .wustl. edu/browser/roadma/t/373364002 son

7.7.Saving and retrieving browsing sessions

[A] To save a session, click the pin icon at the top of the browser.
> [B] Save the direct link URL.
> To restore a session, paste the URL in a web browser.

[B]

[A]
A session has been saved.

Pl N Access it via the following two ways.
direct link  download
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7.8. Adding and removing samples

7.8.1. Adding and removing samples

> [A] To add a sample, click the & button and click sample.

> [B] The number of available samples in each category is listed.

> [C] Click on a sample type to list the sample names for that particular sample
type. To add or remove samples, check or uncheck the checkboxes. To apply the
changes, click the Update button.

[A] [B] [C]

o s ROADMAP 947038 » ENCODE 267" %
# | Primary Cell 30 ! W | ES/PS Cell: o 2 g

£a27 Primary Tizsua 16 1
chr15:32280268-32363909 o |EHmeYThen = 4 H
# | CellLine 13 0 v
2 Cell Line Derived 10 0
H3K4me3 # ENCODE 6670
sample + | ESAPS Cells 2 0
157 5ampleso # | Cancer Celis 16 s
) Fetal Tissues 4] 0
¥ Clustering PCA # | Adult Cells/Tissues 45 L

Update
Screenshot . o

Add your own sample

7.8.2. Adding custom samples

> Users can submit their own datasets to analyze them in the context of public
samples from the Browser.

> [A] To add a custom sample, click the ¢ button and click sample.

> [B] Select Add your own sample.

> [C] In the pop-up window, the user can enter the URL of the data in JSON datahub
format and enter a sample name. In this workshop, we’ll use the example custom
sample. Click Example and click Submit. Alternatively, users can upload a
datahub file.

> [D] The custom sample is shown as a red heatmap and is marked by a star.

o B ROADMA 91 . Submitting custom samples
@ | Frmary L 307 ® JSOM datahub format is required, more
: - o -
chr15:32280268-32363909 @ | Primary Tissue 38 )
| . 13 135 rromt URL  |[Example hub Example | Clear
2
S ) ) ) 10 10 hittp://vizhub. wust] ubSample/hg1%c Submile
LSl [ rrom FILE | Choose File | No file chosen
# EN 66
sample 3
157 sampis ah ; D
AL 2 |c 167716 [D]
Fe SSUES 3 3% ¥ BTaIT ANENor Cauoars )
@ Clustering PCA * : HCF
) @ | Adult Cells/Tissues 4577 %5 I IMR90
# Fxamnle huh |
Screenshot Colonic Mucosa
+  Add your own sample 3 Gastric
= e —
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7.9. Annotating non-coding variants with epigenomic data
7.9.1. Viewing a non-coding SNP in the context of H3K4me1 data

> A genome-wide association study by Sawcer et al. found SNP rs756699 to be
associated with multiple sclerosis (MS). In this section, we will investigate if this
SNP is associated with any regulatory elements. First, remove the current assay
panels by clicking each of the banners and selecting Remove.

H3K-1me3° q +

< Stop synchronizing view range

View in WashU Browser

Il @ configure

i + Annotation track

> To add H3K4me1 tracks, click the ¢ button and then click assay. Select
H3K4me1. H3K4me1 marks active enhancers.

[A] [B]

| Search

>
add new assays
ChOOSE dassa

H3K4me3
H3K27ac
H3K27me3
H3K9me3

H3K36me3
methylC-Seq

> [A] To go to the SNP location, click the blue navigation box. Enter rs756699 in the
SNP textbox. Then click Find SNP.

> [B] Select rs756699 chr5:133446574-133446575. The SNP is marked by a yellow
rectangle. Zoom out by clicking the - button multiple times.

[A] [B]

O -t -©@ ’ ‘ rs?56699chr5:133446574-13344657d

Go Clear

rs756699| 0 | Find shm

Zoom into a chromosome
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> The SNP lies in a putative blood-specific enhancer upstream of the TCF7

transcription start site.

©hg19

H3K4me1

| Fanisiets
Breast Myoepithelal cells
Pernpheral Blood
COds CO25+ CDI127- Tren
CDd+ CO25int CD127+
CDd+ CD25- Th Primary
CD3 Primary cells
CD&8 Memory Primary Cells
Thymus
Fetal Thymus
CD8 Maive Primary cells
COde CO25- CO45RA+
CO4 Maive Primary cells
COd Memory Primary cells
L COds CO25- IL17+ FMA-
COd+ CO25- CO45R0s
Penis Foreskin
Breast vHMEC
CO34 Primary cells
Colonic Mucosa

Duodenum Mucosa
Spleen

Gastne

Bone Marrow Derved
CD58 primary cells

| Small Intestine

Penis Foreskin Fibroblast
Brain Mid Frontal Lobe
Placenta Amnion

Lung
Mobilized CD34 Primary
MNHLF
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Fetal Brain
Brain Angular Gyrus

Aorta L]
CO34 cultured cells
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Fetal Heart

Brain Germinal Matrix

Duodenum Smooth Muscle

Brain Substantia Migra

Stomach Smooth Muscle

Meurospheres, Cortex

Meurospheres, Ganghonic

Stomach Mucosa i L

Right Atrium

Fatal Placenta

Fancraas

Left Wentrcks

Psoas Musche

Adult Liver

Cvary

Brain Hipoocampus Middle

Penis Foreskin Melanocyte

| Brain Cingulate Gyrus
Brain Infenor Temporal

CDN5 Primary celis

Rectal Mucosa

Skekstal Muscle

Fetal Muscle Leg

Fetal Adrenal Gland

Adipose Muclei

Fetal Stomach

Fetal Musche Trunk

Rectal Smooth Muscle

Colon Smooth Muscle
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CD1e Primary celis
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7.9.2. Viewing a non-coding SNP in the context of H3K4me1 and expression data

> [A] Next, we want to determine if the putative blood-specific enhancer regulates

TCF7 expression in a blood-specific fashion. To add the RNA-seq assay, click the

£ button and then click assay.
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> [B] In the search textbox, type RNA-seq and click Search. In the search results,
click the use » link next to the RNA-seq assay. The RNA-seq list has now been

added to the list of assays.
> [C] Select RNA-seq.

[A]

23 folowing terms are Fom fis shared vocabulary
chr5:133440089-133453252 nip Mzhub wusl edumetadatahuman.Qonor
— GREIRELE polyA-RNA-seq_h1-bmp4_r2a use »
LELLL » id: 40215 (RGN ) use »
7 P— @ 40218 use
# Clustering PCA id: 40225 polyﬁ—RNA—seq_hHmc_ﬁa use »
T el PrI S polyA-RNA-seq_h1-npc_ria use »
[C] d: 40237 use >
T - - id: 40247 -
e — LR PE TS polyA-RNA-seq_h1_r1a use »
add new assays LREIPSTE polyA-RNA-seq_h1-msc_r2a use »
L liri: N polyA-RNA-seq_h1-npc_r2a use »
H3K4me3 CRUEIN polyA-RNA-seq_h1_r2a use »
H3K27ac fBoWIng terms are Fom Miis shared vocabulary
niposMInub wust sdumetadata Sxpenmental 3s5ave
H3K27me3 id: 25002 RUTEMCER] o_u_s_e__»_
H3K9me3 id: 25003 sl EeEN] use »
H3K36me3 add new assays
methylC-Seq
6 H3K4me3
fedascs H3K27ac

> |In the RNA-seq panel (not the H3K4me31 panel), click the blue navigation box. In
the gene name textbox, type TCF7 and click Go. Multiple gene models are shown
for the gene. Select the first gene model to go to its location.

| I RAREREES RARE B

A RARSRARERERERERE B

T T YT  SLAARRERS]
20M 40M 60M s80M 100M 120M 140M 160M 180M

|-'L'.f'. ordinate

°TOF7

°Go| | Clear |

refGene b=
| refGene b=}

[rs75669958 | Find SNP |

chr5:133451297-133483920 Homo sap
chr5:133451297-133483920 Homo sap,

> [A] To set all of the RNA-seq tracks to the same scale, right-click on an RNA-seq
track and select Configure.
> [B] Check the Apply to all tracks checkbox. Change the Y-axis scale drop-down
menu to Fixed, set the max to 100, and click apply.
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AL [B]

o) Configure 2

Information [
|

Y-axis scale | Fixed "'
Remove | mm_Eomaxi 100 |ﬁ°

Summary method [Average ¥ | 2

X

Logarithm | No A

Height ¥+ — * m

Smooth window 2
Track background

Curve only

of Apply to all tracks

> (Click on the RNA-seq panel and drag the mouse to center the view range on the
transcription start site of TCF7.
> The blood samples with high H3K4me1 around the SNP also have high TCF7
expression. This pattern is not observed in the brain samples. This suggests a
potential regulatory relationship between the putative enhancer and TCF7 and thus
the SNP may contribute to the disruption of TCF7 gene expression.
H3K4me1 + - RNA-Seq * -
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To catch up to this point in the workshop, go to

://epigenomegatewa ustl.edu/browser/roadmap/?pi ://epigenome
ateway.wustl. edu/browser/roadma/t/1792526056 son#

7.9.3. Viewing multiple non-coding SNPs simultaneously

> The Gene Set View allows users to look at data from multiple locations in the
genome within the same browser panel.

7.9.3.1. Formatting the view range

> [A] To view multiple locations in the genome in one browser window more
easily, increase the browser width. To adjust the browser panel width,
click the banner containing the assay name near the top of the browser.
Select Configure.

> [B] The + and - buttons increase or decrease the browser width. (The
smaller + and - buttons increase or decrease the browser width by a smaller
amount.) Click + then Set to change the browser width.

> Similarly, the width of the track names can be changed using the + and -
buttons.
[A] [B]

Q H3K4me3 Browser panel width Track name width
- 3 + + -

= View in WashU Browser |

RN ), ¢ o sk anic o rack e

] | Please use with caution! Learn more.
[l * Annotation track ,

Tinge track color with group color:
| 20% + - Max No

Remove

Use common Y scale

7.9.3.2. Creating a gene set

> [A] To visualize a set of SNPs associated with multiple sclerosis, click the &
button and then click region.

> [B] Click Add new set.

> [C] Paste the list of SNP coordinates (listed below) in the textbox, enter a
name, and click Submit.

chrl 10353111 10353112
chrl 85772008 85772009
chrl 93303602 93303603
chrl 101331535 101331536
chrl 101407518 101407519
chrl 117038286 117038287
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chrl 117100956 117100957
chrl 117104214 117104215
chrl 179469313 179469314
chrle 6099044 6099045
chrle 6102011 6102012
chrlo 6110828 6110829
chrlo 43814048 43814049
chrlo 81036006 81036007

[Al [B]
Qo ’ No gene sets avallable,
— + Add new set 3
o chr15:32274120-32368226
[C]

ample _ chrl 10353111 18353112
36 chrl 85772008 85772009
chrl 93383802 93383603

outor 157 samples chrl 101331535 181331536

chrl 101387518 181487518

: chrl 117038285 117038287

# Clustering PCA chrl 117180956 117160957

chrl 117104214 117104215

rhrla 8187811 £187817

Screenshot chrl 179465313 179469314
chrle 6899844 £2990845 Gubm-ﬂ | Clear

Enter a list of gene names or coordinat]
one item per line
gene names and coordinates can be m

SNP list o

7.9.3.3. Editing a gene set

> [A] To focus on a 5kb window surrounding each of the SNPs, click on the

gene set banner and then click edit.

> [B] Click change, and then select 5’ and 3’ flanking. Move the red slider to

2.5 KB. Click the Adjust the red slider to 2.5 KB. Click the X button in the

the edit window to exit.
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[A]
QSNP list 14 fems

O

Bl

SNP list 14 items

Drag item to change order, click X to mark for deletion [FE"

fl  chr1:10353111-10353112  |EERTEC I pRICE e oY

- TSI o 05745 s ]
s [ICIEEERNE PEERIEIR I hvt53301102-93306103, forward strand
4 ehr1:101329035-101334036, forward strand 2
5 Chri:101405018- 101410019, forward strand

Showing 2500 bp upstream and 2500 bp downstream surrounding transcription start site or entire regid
K Jchange » |
Select one type

© 3 kb promoter and gene body

, requirement as before
©_3 kb promoter © gene body

= 5'and 3' flanking

5KB Center T sk
upstream: 2500 bp downstream: 2500 bp
Surrounds:
@® transcription start site™
© transcription stop site”
© entire gene or interval

7.9.3.4. Viewing a gene set

> [A] Click on the gene set banner and then click gene set view.

> [B] The browser shows the H3K4me1 profile over a 5 KB window centered
on each of the SNPs. Several of the SNPs have tissue-specific H3K4me1.
To exit the gene set view, click the X GSV button.
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To catch up to this point in the workshop, go to

*

7.10. Viewing complete epigenomic profiles

> [A] To view all of the datasets for a particular sample in the WashU EpiGenome Browser, click
on the sample name CD4 Memory Primary cells and then select View in WashU Browser.

atewa .wustl. edu/browser/roadma/t/1808443390 sonk

[B] A WashU EpiGenome Browser window will be opened. All of the available datasets for CD4

Memory Primary cells will loaded over the default view range.
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8. Training and support
® For more documentation and tutorials, visit:

http://epigenomegateway.wustl.edu/support/index.html
® Follow the WashU EpiGenome Browser on

@ http://epigenomegateway.wustl.edu/+

o http://epigenomegateway.wustl.edu/fb

Q @wuepgg
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