Benefits of Track Hubs
For Visualizing Data
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1. What are Assembly Track Hubs?

2. Track Hub Resources



Assembly Track Hubs

s»scaffole_1
GTTOTAAATACTCTATTCTACAATARAACCAA
TCATAGGTTGAATTGGCGTTOGAAGT AAAACAAA,.
»scaffole 2
ACTTATOACARACTATAAAAACTCCLATAGAGACAAARL.
TCOTTCOTGCALGAAGCGACCAAAALTCAGCACAAGATY
*»scaffole )
CATAAATTCATARATCAATTCATCARCAATAATTY
TAGAAAATTTCCCAGGAAGTTTCAALTTCLTAY

hubDirectory
|__hub.txt
|_genomes.ixt
|_hg18
|__trackDb.txt
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A BAM file (.bam) is the binary version of a SAM file.

samtools view
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-S -b sample.sam > sample.bam

The resulting binary file
sample.bam (with an
additional accompanied
index file sample.bam.bai)
can have data more easily
extracted and can also be
viewed in Genome
Browsers.



A 2Dbit file is a binary indexed version of a FASTA file
(stores sequence ACGT as 00 01 11 10)

faToTwoBit input.fasta output.Z2bit

//’////"

sscaffole_1
GTTOTAATACTCTATTCTACAATARMAACCAAAAGATALCTCTTTATCAG
TCATAGGTTGAATTGGCGTTOAAGT AAAACAAAAAATACTGLCTCAAAAGG

»scaffole
ACTTATOACARACTATAAAAAGTCCLTAGAGACAAAALCCARAAGGATCY
TCOTTCOTOOACGAAGCOGACCAARMALTCAGCACAAGATARATCCCGAATA

*»scaffole )
CATAAATTCAT ARATCAATTCATCARCAATAATTTTACARARATLLTTCA
TAGAAAATTYCCCAGCAAGTTTCARLTTCCTATAATCGATTATTTICTCTTC

»scaffole ¢
ATACTGCCCATGLCTCATCTACTCCCTTCTTAACCTTTTCATCAACAACT
T T AAL Y T LT CATCACTOACTCACTCAGCCOAAALTCLAATALCTLY
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The resulting indexed binary file
output.2bit can have data more easily
extracted and can also be viewed in the

UCSC Genome Browser.



Extracting a specific window location of data from a
BAM and 2bit file

samtools view http://location of/file.bam "chrl:1499900-1500055" >
output. sam
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>chrl:1499900-1500055

GCTACCATCACCCAAAAAGCTGAGGAGTTTGAATTCACTTCAGCACAACT
ATCATTAATTAATTTTTGAACCTCTGAGCCTGGAAGAGAAAACAGGTTTG
GTTCAACATGAAGAATACTGTGATTTGACCCGTGACAGAGCTTTCTGTTA



Assembly Track Hubs

bigDataUrl http://location of/file.bam

twoBitPath http://yourGenome/your.2bit /
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Track Hubs

Track Hubs are text files (hub.txt, genomes.txt, ) that describe and
point to the location of binary indexed data files (twoBitPath, bigDataUrl)

hubDirectory

|_hub.txt /
|_genomes.txt
|_genomeDirectory1 — Informs location of track data file(s): bigDataUrl

Informs location of genome 2bit file(s): twoBitPath




Track Hubs

Track Hubs are text files (hub.txt, genomes.txt, ) that describe and
point to the location of binary indexed data files (twoBitPath, bigDataUrl)

hub.txt

hub MyHubsNameW,ithoutSpaces

shortLabel My Hub's Name track bam1

longLabel Longer label about my hub. type bam

email myEmail@address shortLabel BAM example

genomesFiIe http://location of/genomes. Ext longLabel This BAM file is a RNA-seq example from the ENCODE project
- visibility dense

bigDataUrl http://location_of/file.bam

track bam2

genomes.txt

track bam3

genome yourGenome Each new track gets a new stanza

twoBitPath http://location_of/output.2bit bigDataUrl lines point to location of binary indexed data
More trackDb parameters can be defined too (color, ect.)



CUSTOM
DATA

—J

— GENOME |
> BROWSER |
twoBitPath http://location of/output.2bit

N\

genomes.txt shares where to find the ~ Genomic Window of Sequence viewed

2bit (and what to call new genome) at UCSC

genome yourGenome Three tracks are generated from the

trackDb http://location_of/trackDb.txt 2bit on the ﬂy
scientificName Your Genome
description Feb. 2017 Assembly

organism Your organism e Base Position
defaultPos chri1:1000000-2000000 .o
groups groups. txt e Restriction Enzymes

htmlPath http://yourGenome/description.html
twoBitPath http://location_of/output.2bit

e Short Match Track (30 bases)



Viewing the 2bit at UCSC

Browser requests AGCTs for only the genomic window currently viewing
(chr1:1,499,900-1500,055)

THis TIETS 13 5 Foature oFf thw Baae Trach
Minaow POt it 1on A AOADIOE 8 tThaliama Feu. 3431 Trale oress O 0, 0001, 90, . M (13 W)

T<ate Tt bases ) { wathal

ol 495 = 1, " 1,94
'nhmumnm1 ™Y tn?mmcn.cctca'm“n&rcmra.nmnc‘mtnmtumnnc “&f‘(f(t

1 Ferfect MAtChes 1o Short Secuence (AT

__
Ajul A 3 Restr (CTion Endvmes from AEBASE
!:l.:: LA ~— — . ’
move start Click on a feature for details. Click or drag in the base position track to zoom in. =
Click side bars for track options. Drag side bars or labels up or down to reorder ""°2°“° Y

Bs R tracks. Drag tracks left or right to new position. Press *?* for keyboard shortcuts.

dolaut tracks  Oefauit order  hoe ol 830 cusiom acks | rackPubs  confgure Motiragier  reverse feside rofresh

o Use drop-down controls below and press refresh to alter racks displayed. e
Tracks with lots of items will automatically be displayed in more compact modes.

=] Mapping [ refresn |
cense ¢ . LTl $

soush S




Adding Annotations

simple as adding text-based custom tracks

Scale S kbj { he19
chrat: | 33, 835, o8|
Blue example BED3 track
exi

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



Adding tracks inside Track Hubs

create binary indexed versions of text files (bedToBigBed)

bedToBigBed

a4

chr1 33050000 33060000
chr1 33050000 33060000

chr21 33030000 33040000
chr21 33050000 33060000

chr22 33030000 33040000
chr22 33050000 33060000

in.bed chrom.sizes out.bb

chr1 248956422

chr21 46709983
chr22 50818468

B
The resulting binary file out.bb (bigBed)
can be hosted online:

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

The serving of 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
DATA

| GENOME |
> BROWSER|
bigDataUrl http://path.lab.edu/to/out.bb

P \

The trackDb.txt shares descriptions View Data Tracks at UCSC
and where to find binary indexed tracks

track ex1bb A wide variety of track binary indexed formats exist:
type bigBed

shortLabel ex1

longLabel Blue example BED3 track
color 0,0,255

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

BAM, CRAM, VCF
bigGenePred, bigBarChart
bigPsl, bigChain, bigMaf,
bigNarrowPeak, halSnake

track track2 bigBed, bigWig

bigDataUrl http://path.lab.edu/to/out2.bb



Additional Track Types In Hubs Example
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Additional Tools Available on Assembly Hubs

e BLAT search sequence or amino-acid matched

BLAT Search Genome

Genome.  Assambly: Query type: Sontoulpul: Output type

B wngerome B BaTsouess 3 outrrscore B moarie 3

TACGICTGACCGCACTTTAGTTAGATACCATCOCCAAGCTOACTITTTTT
TITITACCAAMGATCAAGOCOGA TGAMMAIAMGCSTITIGTTAATOCAST
TITCITCATCCAG
Scale 18 bases| | daph
scaffold_25: | 1,0875,65

a| 1,0873,655| 1,873,668| 1,873,665| 1,873,674| 1,0873,675| 1,075,6588|
——3 TTOHGATECTTCCCAC CGATACG GT G GTAAAARAAAAAARATAATEG
Your Sequence from Blat Search
- -

T

voursec G- oo .
This track shows a match on the sequence ARARARARAR
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Additional Tools Available on Assembly Hubs

e BLAT search sequence or amino-acid match
e Multi-region: simultaneously view non-adjacent regions across chromosomes
e Ability to annotate variants in added VCFs against added bigGenePred tracks
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Liale

wirg; 10-164

sceffols _1:30192-36232
SCAMOM_L 2590413250048

oCoffold 14012529 4012551
scalfold 6:2071405-2071427
scaffold_B:2204521-2264539

move stan
« 20




Assembly Track Hub Summary:

Remotely Hosted Data

Text files: hub.txt,
genomes.txt,

Binary indexed files:
twoBitPath,
bigDataUrl

=scaffole_1
GTTOTAAMATACTCTATTCTACAATARAAACCAA
TCATAGGTTGAATTGGCGTTGAAGT AAAACAAA,.

»scaffole 2
ACTTATOACARALTATAAAAACTCCLATAGAGACAAALD.
TCGTTCOTGOACGAAGCGACCAARALTGAGCACAAGATY

*»scaffola )
CATAAATTCATARATCAATTCATCARCAATAATTY
TACGAAAATTTCCCACCAACTTTCARLTTCCTAY

hubDirectory
|__hub.txt
|__genomes.txt
|__hg18
|__trackDb.txt

Visualizable at UCSC
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Examples of Hubs and Resources

Genbank Assembly Hubs
http://genome-test.soe.ucsc.edu/gbdb/hubs/genbank/

| ENCODE Project Dynamically Generated Hubs
Lonubot https://www.encodeproject.org/matrix/?type=Experiment

|_genomes.txt
|__hg19

|_tracxDo.bd Ensembl Track Hub Registry
https://trackhubregistry.org/

UCSC Public Hubs
http://genome.ucsc.edu/cgi-bin/hgHubConnect

CyVerse Discovery Environment byte-range supported data hosting
https://de.cyverse.org/de/



Existing Working Assembly Hub Templates

Genbank Assembly Hubs
http://genome-test.soe.ucsc.edu/gbdb/hubs/genbank/

1 Genomes Gonome Browser Tools Mirors Downloods My Data Hoip About Us
Genbank assembly hubs
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Existing Working Assembly Hub Templates

Genbank Assembly Hubs
http://genome-test.soe.ucsc.edu/gbdb/hubs/genbank/

Scroll Down to see assemblies... Click common name to load hub.
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Existing Working Assembly Hub Templates

Genbank Assembly Hubs
http://genome-test.soe.ucsc.edu/gbdb/hubs/genbank/

Right-click and copy and paste a link to explore the hub’s architecture.

el e e e ]

2. \Visitjustthe hub.ncbi.txt and then the genomes.ncbi.txt and
then look at a specific GCA. . .trackDb.ncbi.txt

.




Existing Working Assembly Hub Templates

Genbank Assembly Hubs
http://genome-test.soe.ucsc.edu/gbdb/hubs/genbank/

Genome Browser on African bush elephant 15 Jul 2009/Loxafr3.0 Assembly
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Example of Dynamically Built Hubs

ENCODE Project Hubs
https://www.encodeproject.org/matrix/?type=Experiment
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Example of Dynamically Built Hubs

ENCODE Project Hubs
https://www.encodeproject.org/matrix/?type=Experiment
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Track Hub Resources

Ensembl Track Hub Registry
https://trackhubregistry.org/

The Track Hub Registry

A global centralised collection of publicly accessible track hubs

The goal of the Track Hub Reg'stry is to allow third parties to advertise track hubs, and 1o make it easier for researchers
around the world 1o discover and use track hubs containing different types of gencmic research data

micy] Q



Track Hub Resources
UCSC Public Hubs moderated collection of track hubs

http://genome.ucsc.edu/cgi-bin/hgHubConnect

Public Hubs My Mubs

Enter search terms to find in public track hud description pages:
MOUto e3igonomce

Filter hubs by aszembly: Zearzh Punic Mube

Displayed list restricted by search terms: Mouse epigenomics  Svow Al iuss

Whaen exploring the detalled search results for a hub, you may right-click on an assembly or track line to apen it in a new windo

Clicking Connect redirects to the gateway page of the selected hub’s default assembly.

Display Hub Name Description Assemblies
Hundreds of analyzed methylomes from bisulfite [+] hg38, hglS, hgl8, mm9, mm10,
Correct DNA Methylation et eroihces Do
& Search detais ..
Hub Description: - This session shows 3 colioction of tracks from muttiple Dlood colls. Mouse: Reprog ng: This 1 ShOWS Lracks from varic
4 Matching Assembdlies
Comnect 5’::00& Andlysts ENCODE Integrative Analysts Data Mub hg19

4 Search detals .
Mub Description: . d TAL! genes. We [es1od 2 Subset of these pradictod enhancers in ot M and Fish transgenc models exampies i Figure 6,




Track Hub Resources

CyVerse Discovery Environment Storage Solution

CyVerse iCommands (rysnc becomes irsync) allows transfer of 2-100GB
files and recursive hub directory structures with commands like irsync:

$ irsync -r local directory name i:data store directory name

hUbD'rGCtory Move all your local files

| (BAMs, ect) with the single = e

|_hub.txt irsync command. .
|_genomes.txt https://de.cyverse.org/anon-files/
- . Then make the files publicly

|—g enomeDir ectory 1 accessible with the ichmod

| command to view.

$ ichmod read anonymous data store directory name



Track Hub Resources
G-OnRamp Galaxy workflow turning data like RNA-Seq into Assembly Hubs

http://gonramp.wustl.edu/
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