1. Custom Annotations in the
Browser
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BAM examp le
This bigBed file is an example from the ENCODE RNA-seq Caltech Track
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This Riglig file is an example from The ENCODE RNA-sey CSHL Track
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m Blue exanple BED3 track

2. Track Hubs

hubDirectory
|__hub.txt
|_genomes.txt
|_hg19
|__trackDb.txt

3. Assembly Hubs




Loading Your Own Data

Custom Tracks
plain-text files, many formats
loads entire file: copy/paste or url
Track Hubs
indexed binary files

must be hosted remotely
loads only what is displayed
Assembly Hubs
special case of Track Hubs
used for genomes not hosted at UCSC
requires underlying sequence file in .2bit format




1. Custom Annotations in the
Browser

Custom Tracks are Available on All Assemblies (Hosted by UCSC or Hosted Remotely)

Scale 2 Kp——— h21%
chr2l: 33, 635, aee| 33, 840, 000|
This BAN File is an example from the ENCODE RNA-seq CSHL Track
BAM examp e
This bigBed fFile is an example from the ENCODE RNA-seq Caltech Track
BigBed exanmple
THis BigWig file iS an example from the ENCODE RNA-Seq CSHL Track

DISNiI2 exanp e

Cchr2l VCF file {2 an example from the 1000 Genomes Pnase | Integrated Variant Calls
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Blue example BED3 track
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Custom Annotations in the Browser

Custom Tracks (Text/Binary) Track Hubs

:

Line-oriented files.
Defined by a track line
Followed by data lines

Lines be pasted
Or uploaded as text

Data lines can be hosted
remotely.

Underlying Assemblies
Hosted by UCSC

l

Track hubs are web-accessible
directories of genomic data.

Three text files define how to
display data:

hub.txt
genomes.txt
trackDDb.txt

All data files must be hosted
remotely.

Assembly Hubs

l

Assembly Hubs are basically
advanced Track Hubs.

Tracks display on a remote
genome (2bit format).

All data files must be hosted
remotely.

Assembly Hosted Remotely



Custom Annotations in the Browser
Custom Tracks (Text/Binary) Track Hubs Assembly Hubs

Genome Browser ools Mimors
. Add Custom Tracks | My Sessions
Pubkc Sessions
cdade v NOMe 1w assem Feb 2000 (GRC
B o = o ORY. L Be Yrack Mubs

Display your own data as custom annotation tracks in the browser. Data must be | Custom Tracks
| bigBed, bigChain, bigCenePred, bicMal, DigPsl, Digig, BAM, VCF, BED,
| broadPeak, CRAM, GFF, GTF, MAF, narrowPeak, Personal Genome SNP, PSL, or WIG formats. To
| configure the display, set lrack and browsar ine altribules as described in the Used's Guide. Data in

the bigBed, bigWig, bigGenePred, BAM and VCF formats can be provided via only 2 URL or

embedded in & lrack line in the bax below. Examples are here.

Sabemit

Paste URLs or data: Or upload. croceerie rotie wiccted

Cem



Custom Annotations in the Browser
Custom Tracks (Text/Binary) Track Hubs Assembly Hubs

J sScale S Kb} | ha19
chrat: | 33, 835, 008|
Blue example BEDS track
exli

track name=ex1 description="Blue example BED3 track" color=0,0,255,
chr21 33030000 33040000
chr21 33050000 33060000



Custom Annotations in the Browser
Custom Tracks (Text/Binary) Track Hubs Assembly Hubs

chrai: | 33, 935, 069|

Green example bigBed

Elue exfmple BEDS track

[ 1500 | [

track name=ex2 description="Green example bigBed" color=0,255,0, type=bigBed
bigDataUrl=http.//genome.ucsc.edu/goldenPath/help/examples/bigBedExample.bb



Custom Annotations in the Browser

Custom Tracks (Text/Binary)

scaffold )
scaffold 1)
scaffold )
scaffold 1
scaffold )
scaffold 2

i

scalfold 1)
scaffold 1
scaffold 3
scaffold 1
scaffold )
poaffold )
scaffold )
scaffold )
scaffold )
scaffold )
scaffold )
scaffold 1
scaffold 1}
scaffold 1}

LT L AA0 L

bedToBigBed

3890 3896
4063 4065
4236 4242
4755 4761
$976 5982
£022 602%
€023 6029
£398 6404
£399 640%
6372 2627%
16374 26380
19767 29773
29790 29756
25917 29923
29918 29924
Joe72 30878
32125 2n
32218 32224
32219 32225
32220 3222¢

in.bed

-

scaffold_1 4193030
scaffold_3 3777634
scaffold_2 3740169
scaffold_4 30757e9
scaffold_5 2511979
scaffold_6 2496117
scaffold_8 2335496
scaffold_7 2324446
scaffold_9 2251199
scaffold_12 2218424

Track Hubs Assembly Hubs

chrom.sizes out.bb

‘-.__~'.>

The resulting binary file out.bb can
be hosted at your institution:

bigDataUrl=http.//path.lab.edu/to/out.bb

Serving files requires byte-range requests,
which allows only portions of file to transfer.
Some locations, like Dropbox, prevent such
requests as people can then watch videos
from their servers.



Custom Annotations in the Browser
Custom Tracks (Text/Binary) Track Hubs Assembly Hubs

bedToBigBed and other standalone command-line utilities
are downloadable tools available on Linux and UNIX

platforms.

Mirrors Downloads

clade w % nome  uven
— . w B o Ganome Browser Store

Disphay your own data as custom annotation tracks in the browser [T L

bigBed, bigChain, bigGeneProd, bigMaf, bigPsl, bigWig, BAM, VC .o

bedGraph, broadPaak, CRAM, GFF, GTF. MAF, narrowPoak, Pen

WIG formats. To configure the display, set rack and browser line g MYSQL Access
User's Guide. Data in the bigBed, bigWig, bigGenePred, BAM and VCF lormats can be

provided via only a URL or embedded in a track kne in the box below, Examples are here.
Paste URLs or data: Or uplodd: crneccorie  Nofie croses Swomt

Coar




SEMUENCEe Dalta

How do you visualize your sequencing data? -- BAM file

millions of short reads

files too large to upload (timeout)

Custom Track:

drag / zoom -/

e ¢ wj)— —
rral DTIGAMN DTMEGON DTIELMN 37
| | 2
Raw Reads aligner / SAMtools SAM ' 2 ' ' ' .:
. BAM : '. I
o
/ mismatches to reference f,
index / SAMtools ; LA
are in red A
/ ”‘l
1]
Custom n' :
.bai . —— I
Track :
|
!
!
|
|

Make BAM, .bai files available to the web (http:, https: or ftp:)
Upload only the location of the data.

track name=trackName type=bam bigDataUrl=http://path/file.bam

The Browser fetches only tiny portion of the file

http://[samtools.sourceforge.net/

WA Carar s v b

FLO? =ffrrrermsmeneme ’--..-.-.-....-.... ...........

M ATHAMY ATMMMEN TN
vl et




SEMUENCEe Dalta

zoom to base level

view alignment details

. possible .
homozygous mismatch to heterozygotes lower quality scores

reference is same as a known shown in lighter color

non-synonymous SNP
teale S0 Babea)
oval )nund ATINATY mncq Il ATeA FIRATTH ITIATEN T ITIARR Frisasitl ITIMARIW
coe) PEROCCNTOTOC Ca ‘rn m@nnucoxktlba.lcox&»x n’ba). {hbn’»n.wbqb;rtmm
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SEMUENCEe Dalta

How do you visualize your sequencing data? -- BAM file

Under “My Data” use the “Custom Tracks” selection and paste URL to fileName.bam (where there is also fileName.bam.bai)

Add Custom Tracks - My Seasicns i
" > Puble Sessions
ade ' oMY i assem °
VanTa B ge Iurren a ly feb 2009 Track Hube

Display your own data as custom annctation tracks in the browser. Data must be 1= TR = = -
LigGenePrad, bightaf, bigPsl, bigWig, barChart. bigBarChart, BAM. VCF, BED. Bi v,k collection Buildes sk,
CRAM, GEF, GTF, MAF, narrowPeak, Persenal Genoma SNP, PSL, of WIG fONM w8 01 rACK
and browser line attributes as described in the User's Gude Data in the bigBed, bigWig, bigGenePred, BAM and VCF
formats can be provided via only a URL or embedded in a track line in the bax below Exampiesaro hara. ¥ you do not
have web-accassible data storage available, please see the Hosting section of the Track Hub Help documentation.

Please note a much more efficient way 0 load data is 1o use Track Hubs, which are lcaded from the Track Hybs Portyl
found in the menu under My Data,

pm URLs or data: QUWU Choose Fio  No fio chosor Svteve
http://myorg.edu/mylab/my.sorted.bam

Chew



SEMUENCEe Dalta

Option to “Display data as a density graph” (right-click, or go to track controls)

Display data as a density graph:

T, 500,700 37 4 2epl | BT les TeM 3D, 366 Ma| 31 04, M6 AT es TeN 32, 84000 BT Ses b 31 s Bif 47,30 okel
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Display data as a “wiggle” by stacking overlapping reads with density graph.

Height is proportional to the number of reads mapped to each genomic position.

s PAAAGIRACACAATCADC GO AGCOATOTECTCOGTORCACCAT TOATCCAT TCTCOCCTCCTCOC TCCOCC O GGG TACOGC L CCCRCCOCOCAGAACCOCC T!';C'Ct';l
o . WL _eXDorT

UCSE UenNes (Rerieq. W, - bk CORMDMN AT sV USNON ACE)
FUOT I LA R L T R PR
SN0 10 MACIROT 100 PO IYROCrON (SRS (ODEMNT DU M L3
reeseY? \. rETIZVR4N
raaxoscsz B



SEMUENCEe Dalta

Option to view exons only (with small amount of padding) or enter user-defined custom regions.

Enter “exon view” with shortcut “e v” (then use “d v’ to return to default view).

crwras: | 3. 0at. o7l 33, 631 . 0aq| 23, 421, 990] a3, %21 190l 3, @2, 194 3, 033, 144] 33, 632, 154] 23,022,999
eees TCCTYTTACTOANCOCCATTICT CET T T CY TCO0ONGGCAOCCCTOGCONGCTYCACETCTTCCTCCOGETCCTECTECTCCTYTACOCECASTCTOCGEC
499 _ Dam Ex, 1: 1000 Conteez read »)igrments ndivicual MAIZ070)

¢ One
30
VOB AT ive O omic )
SO CETETEREE TN TE T s 3 4 O 4 -

SR le NUCTSOL 1aw FOlmorphions (aREN® Dulld 129

Or use “View” menu and select “Multi-Region” and selected desired view.

| Configure Multi-Region View =

[ mredti-reg made
O c g UCSC Genes pacdng of: 6 I50
ne g | oS p N3 0 350
EALer Cuslom regons as BED, of 3 UL 10 them

=YOou CON enter regions ACress the genome Pempes s e s

chr2d BOC0 123456

Show one alternate hapictype, places on its chromoseme, weing 10: w22 _h2_hapl

C Highlght Atemating regond in mulll redicn view

Optional checkbox can highlight alternating regions (seen in above image).



Custom Annotations in the Browser
Custom Tracks (Text/Binary) Track Hubs Assembly Hubs

Track hubs are web-accessible directories of genomic data.

™ Ganomes Genome Browser Tools Mirrors Downiosds My Data Help About Us
Track Data Hubs My Seasicns
Publc Sesalons
Track data hubs are colections of extemal racks that can be imported into the UC [TERIIE ocks show up under the
hub’s own biue labe! bar on the main browser page, as well as on the configure P8 ¢y utom Tracks e the User's Guide.To

import 8 pubic hub click its "Connect” bution below.

NOTE: Because Track Hubs are created and maintained by external sources, UCSC Is not responsible for thelr content.
Public Hubs My Hubs

URL: AS3 Hub

Paste in: http://path.lab.edu/to/hubDirectory/hub.txt



Custom Annotations in the Browser
Custom Tracks (Text/Binary) Track Hubs Assembly Hubs

Track hubs are web-accessible directories of genomic data.

http://path.lab.edu/to/ hub.txt can be as short as four lines, it points to
genomes.txt
hubDirectory genomes.txt can be as short as two lines and points to
trackDb.txt
_hub.txt

genomes.txt The trackDb.txt file is typically much larger and

shares how to display tracks and where to find
_hg19 / data files.
|_trackDb.tx




Custom Annotations in the Browser
Custom Tracks (Text/Binary) Track Hubs Assembly Hubs

Track hubs are web-accessible directories of genomic data.

Scale 2 o} | heis

chra1: 33, 635, 060| 33, 049, 000|
This BAN file is an example from the ENCODE RNA-seq CSHL Track

BAM examp le

This bigBed File is an example from The ENCODE RNA-seq Caltednh Track
RigBed example

This biglig file is an example from The ENCODE RNA-seq CSHL Track

DI1SH112 exXanp e
chr2l VCF File 1S an example from The 1000 Cenomes Pnase | Integrated VYariant Calls

_cnr2y ver example LR T H0E 0 FUW TRUETE IRTEID W OH IH nm IIHH II"IIIHIHHH"I IIIIIHHIII RO T i
I eer
= Sp— III —

Elue example BED3 tTrack
X3

http://genome.ucsc.edu/cgi-bin/hgTracks?db=hg19&
hubUrl=http://genome.ucsc.edu/goldenPath/help
lexamples/hubDirectory/hub.txt



Custom Annotations in the Browser
Custom Tracks (Text/Binary) Track Hubs Assembly Hubs

hub.txt

hub MyHubsNameWithoutSpaces
shortLabel My Hub's Name

longLabel Longer label about my hub.

email myEmail@address
genomesFile genomes.txt

genomes.txt

genome hgl9

genome assembly_database 2
trackDb assembly_ 2 path/trackDb.txt

track unigueNameNoSpacesOrDots

type track_type

shortLabel /abel 17 chars

longLabel /abel up to 80 chars

bigDataUrl track _data_url (URL or relative path to file)

track bam1

type bam

shortLabel BAM example

longLabel This BAM file is an example of RNA-seq data
visibility dense

bigDataUrl http://fileserver/directory/of/files/file.bam

A new stanza is added for each new track.
bigDataUrl lines point to the data file (URL or path) in each stanza.
More trackDb parameters can be defined (color, ect.).



Custom Annotations in the Browser
Custom Tracks (Text/Binary) Track Hubs Assembly Hubs

Gencmes Genome Browser Tools Marors Downlcads My Data Viere Help About Us
UCSC Genome Browser on Arabidopsls thallana Feb. 2011 Thale cress Assembly (araTha1)
moOvVe <<c << »>  »»> 200MmN 15 I+ Wx base ZOOMOUL 185 3s  W0x 00
chr1:13,184,923-13,220,025 35,103 bP. | srner powmion ar sowrcn terms =

ot ) 15,190, 00 12,195, 000 13 00 sl L0, 0w sl 13 e el 13, 219, eeel 15 e

O

) |
<« 10 90 e BRIl BNl U L AR L | ") 4

Sl Taorums fareadts by TWF
| 200 10 ReOeNTE " 1 ] | Sl ] | |

http://genome.ucsc.edu/cgi-bin/hgTracks?genome=araTha1&hubUrl=http://genome.ucsc
.edu/goldenPath/help/examples/hubExamples/hubAssembly/plantAraTha1/hub.txt



Custom Annotations in the Browser

Custom Tracks (Text/Binary) Track Hubs Assembly Hubs
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move start Click on a feature for detalls, Click or drag In the base position track 1o zocom in,
Click side bars for track options. Drag side bars or labels up or down 10 reorder "':;“t‘d

BN & tracks. Drag tracks left or right %o new position. Press *?* for keyboard shortcuts.
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Custom Annotations in the Browser
Custom Tracks (Text/Binary) Track Hubs Assembly Hubs

Mapping
Base Position = Assembly Gap Restr Enzymes Short Match
H hide full =

dense hide squish

20
I “ E

“
“>
-

- -y

o o

. -

- -

2 @

- | -

5

enes c

Variation

The groups.txt file defines the blue bars grouping tracks in assembly
hubs.



Custom Annotations in the Browser
Custom Tracks (Text/Binary) Track Hubs Assembly Hubs

http://genome.ucsc.edu/goldenPath/help/hubQuickStartAssembly.html
Quick Start Guide to Assembly Hubs
Assembly Hubs aliow researchers 10 create Track Data Hubs on assembiies that are not in the UCSC
Browser. By including the underlying reference sequence in UCSC twoBit format, as well as data tracks,

rescarchers can browse and annotate any genome. For more information please refer 1o the Assembly
Hub Wiki. Below is also a section about starting GBIB Assembly Hubs.

STEP 1: In a publicly-accessible directory, copy this Arabidopsis thallana plant assembly hub,
which includes an araTha1.2bit file, using the following wget command:

wgoL «r «==no-parent --reject “index.html*” -nH --cut-dirs«3
BLipi//genome , uosc .edu/goldenPath/help/exanples /hubExamples /hubhssenbly/plantAraThal /



Custom Annotations in the Browser

Custom Tracks (Text/Binary) Track Hubs Assembly Hubs
(g ) Genomes Genome Browser Tools Mirrors Downlosds My Data Help
Track Data Hubs My Seasices
Public Sesalons

Track data hubs are colections of extemal racks that can be imported into the UC IR 2

hub’s own biue label bar on the main browser page, as well as on the configure P8 ¢ eiom Tracks
import a public hub click its "Connect”™ bution below.

o Qe Users Guide.

NOTE: Because Track Hubs are created and maintained by external sources, UCSC Is not responsible for their content.
Public Hubs My Hubs

URL: ASd Hub

http://your/path/to/copied/hubAssembly/plantAraTha1/hub.txt



Custom Annotations in the Browser
Custom Tracks (Text/Binary) Track Hubs Assembly Hubs

UCSC Genome Browser on Arabldopsls thaliana Feb. 2011 Thale cress Assembly (araTha1t)

move srx ZOOMIN 1% 3 On base 200MOUL T8¢ 3x  On
cihr1:1,.000,000-2.000,000 1,000,001 DO, wrter poston or s s s

: “ '
1‘ e S 00 L300 00l 1. .00, 000 B 00 el 1 BR 0 L 00e b LT N 0 e L e e

s

e e L ._u.llillll_i..ll L.l J L..l_JL ~.LLu.l__J_‘llA.lLL (RTINS NN N S

http://genome.ucsc.edu/cgi-bin/hgTracks?genome=araTha1&hubUrl=
http:/lyour/path/to/copied/hubAssembly/plantAraTha1/hub.txt



Home Page: Genome Browser in a Box (GBiB)

Downdoads My Data Help About Us

Our tools

® Genome Browser
mleractvely vsualae penomic daty

® BLAT
30idly AREN SOQUENIES LO ThE RENomMme
B Table Browser
downdoad disls lrem the Conome Browser database
B Variant Annotation Integrator
get furctional effect prodictions for wariant cxils
® Dataintegrator
comBing data sources from the Genome Browser database

#’ Gene Sarter

And penes thal are simiar by e ciiion and olther melrics

8 Genomeo Browser in a Box (GBIB)
run the Genome Browser on your Lpiop or server

® In-Silico PCR
rapidly 3kgn PCR primer gairs (o the penome
® LU#ftOver

comvert gEnome Coordinat oz Batwoen Jssembios

8 Track Hubs
OOt and view extermal data tracks



Genome Browser in a Box (GBIB)

http://genome.ucsc.edu/goldenpath/help/gbib.html

USER PC UCSANTA CRUZ

Genome Browser in a
Box (GBiB) —»
is a Virtual Machine

of Browser Code at
your location.

Irrage Credit: Casey Callow
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Require no intervention by UCSC

Can be hosted and viewed locally on a Genome Browser-in-a-Box (GBiB)

Genome Browser-in-a-Box

Web-based Genome Browser

1. Request hub content

4. Display all

UCSC

software

3. Combine
with
UCSC data

blue =
your desktop

“remote” data can be all yours

2. G mote hub content

normally. remote-server
local data




UCSC Genome Browser on Human Genome Data 7/hg19) Assembly
move <<« << < > >> >»> Z200m in YS, Source Code 1.5x Ix 0x  100x
chr21:33,031,597-33,041,570 9,974 bp. | cese 4. =

1 Utilities :
|orezt caze 10 TR TR~ IS e s WET
— F1P

cale 2 P
e I s e a0l 3,004,000 33,08 000 33, f0e. ¢ MySQL Access Lo, eal 33,040,000 33, 0a1, 000
Wao o
~

o'ws T o o <
UCEC Ceres (Refiea ] OCenbank, CLOS, Afas, tRiAz & Comparat ive Genomics)
ACAAT 4N e

Downloads in Top Blue Bar Menu: Genome Browser Store links to Genome Browser in a
Box (GBiB) and Genome Browser in a Cloud (GBIiC) tools free for noncommercial use.

Also on the bottom of Document Pages: STORE link goes to the same location.

UCHC MONE LCENSES STORE ", a \“
B50€ HOME TRAINING CONTACT
GENOMICS INSTITUTE HOME CITEUS SUGGESTIONS

e | DONATE |

€ 2000-2018 THE REGENTS OF THE UNIVERSITY OF CAUFORN A, ALL RIGHTS RESERVED
CONDATIONS OF USE



Custom Tracks (Text/Binary)

https://de.cyverse.orqg/

Custom Annotations in the Browser

@ ™ Transforming SCIENCE th h
Gt CYVERSE' Piiinesiuns siin

Discovery Environment

The Discovery Environment integrates powerful, community-recommended software tools
Into & system that:

8 Makes big data management easy. Upload, organize, edit, view and sesrch with ease!

8 Mas SO0+ scientific apps that utifze compute clusters and MPC resources &s needed.

8 Mides the complexity needed 10 do these tasks,

Track Hubs Assembly Hubs

Discovery Environoment (NSF funded: FREE!)

FOROt Password? Register Now



https://de.cyverse.org/

Custom Annotations in the Browser
Custom Tracks (Text/Binary) Track Hubs Assembly Hubs

hitps://de.cyverse.org/ Discovery Environoment (NSF funded: FREE!)

E Discovery Environment
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https://de.cyverse.org/

Custom Annotations in the Browser
Custom Tracks (Text/Binary) Track Hubs Assembly Hubs

hitps://de.cyverse.org/ Discovery Environoment (NSF funded: FREE!)

Creating a Link that Accepts Byte-Ranges: “Send to Genome Browser”

G Data: brianiee OO
Ughood = Fle= Tdl= Dowrkiad~ Shave = Metadata » 7 Rufresh T T~
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Creating a Link that Accepts Byte-Ranges: “Send to Genome Browser”
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e > Public Sessions
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Display your own data as custom annctation tracks in the browser. Data must be 1R R = -
LigGenePrad, bightaf, bigPsl, bigWig, barChart. bigBarChart, BAM. VCF, BED. Bi v,k collection Buildes sk,
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and browser line annbutea as described in the User's Cukde. Data in the bigBed, bigWig, bigGenePred, BAM and VCF
formats can be provided via only a URL or embedded in a track line In the box below. Exampies are hara. i you do not
have web-accassible data storage available, please see the Hosting section of the Track Hub Help documentation.

Please note a much more efficient way 0 load data is 1o use Track Hubs, which are lcaded from the Track Hybs Portyl
found in the menu under My Data,
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