
Making an Assembly Track Hub 
To Visualize New Genomes
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Visualization

2. Building the Text Files for Track Hubs and 
additional Tracks

3. Track Hub Resources



Building a 2bit file: binary indexed FASTA



A BAM file (.bam) is the binary version of a SAM file.

samtools view -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 2bit file is a binary indexed version of a FASTA file
(stores sequence ACGT as 00 01 11 10) 

faToTwoBit input.fasta output.2bit

The resulting indexed binary file 
output.2bit can have data more easily 
extracted and can also be viewed in the 

UCSC Genome Browser.



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

faToTwoBit and other standalone command-line 
Utilities are downloadable tools available on Linux 
and UNIX platforms.
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A 2bit file is a binary indexed version of a FASTA file
(stores sequence ACGT as 00 01 11 10) 

faToTwoBit input.fasta output.2bit

Host output.2bit at location that accepts 
byte-range requests (like CyVerse).
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asmBly.2bit files exist for download via  Genome 
Data link for all assemblies on the UCSC Browser
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A 2bit file is a binary indexed version of a FASTA file
(stores sequence ACGT as 00 01 11 10) 

 http://hgdownload.soe.ucsc.edu/gbdb/allMis1/allMis1.2bit

allMis1.2bit



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

samtools view http://location_of/file.bam  "chr1:1499900-1500055" >  
output.sam

twoBitToFa -seq=chr1 -start=1499900 -end=1500055              
twoBitPath http://yourGenome/your.2bit output.fa



bigDataUrl http://location_of/file.bam

twoBitPath   http://yourGenome/your.2bit

Assembly Track Hubs



Extracting data from a the 2bit for later use: 
your2bit.chrom.sizes

twoBitInfo your.2bit your2bit.chrom.sizes
chr1 249250621
chr2 243199373
chr3 198022430
…
chr16   90354753
chr17   81195210
....
chr21_gl000210_random 27682
chrUn_gl000231 27386
chrUn_gl000229 19913
chrM 16571



Using your2bit.chrom.sizes to make an artificial Cytoband 
Track (banding options gneg, gpos25,... programmatic steps could be done manually) for 

later: yourCytoBandIdeo.bed (BED4+1)
cat your2bit.chrom.sizes |  awk  '{print $1,0,$2,$1,"gneg"}' > 

yourCytoBandIdeo.bed

chr1 249250621
chr2 243199373
chr3 198022430
…
chr16   90354753
chr17   81195210
....
chrUn_gl000231 27386
chrUn_gl000229 19913
chrM 16571

chr1 0 249250621 chr1 gneg
chr2 0 243199373 chr2 gneg
chr3 0 198022430 chr3 gneg
…
chr16 0 90354753 chr16 gneg
chr17 0 81195210 chr17 gneg
....
chrUn_gl000231 0 27386 chrUn_gl000231 gneg
chrUn_gl000229 0 19913 chrUn_gl000229 gneg
chrM 0 16571 chrM gneg



Turning yourCytoBandIdeo.bed text file into a binary 
indexed version: yourCytoBandIdeo.bigBed

bedToBigBed -type=bed4 yourCytoBandIdeo.bed -as=cytoBand.as  your2bit.chrom.sizes
yourCytoBandIdeo.bigBed

chr1 0 249250621 chr1 gneg
chr2 0 243199373 chr2 gneg
chr3 0 198022430 chr3 gneg
…
chr16 0 90354753 chr16 gneg
chr17 0 81195210 chr17 gneg
....
chrUn_gl000231 0 27386 chrUn_gl000231 gneg
chrUn_gl000229 0 19913 chrUn_gl000229 gneg
chrM 0 16571 chrM gneg

table cytoBandIdeo
"cytoBandIdeo describes…."
    (
    string chrom;      "Reference…. “
    uint   chromStart; "Start…”
    uint   chromEnd;   "End…”
    string name;       "Name of item"
    string   gieStain; "Giemsa stain..”.
    )

Host file.bigBed 
at location that 

accepts 
byte-range 

requests (like 
CyVerse).



Building the Hub Text (.txt) Files



Track Hubs
Track Hubs are text files (hub.txt, genomes.txt, trackDb.txt) that describe and 

point to the location of binary indexed data files (twoBitPath, bigDataUrl)

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

Informs location of track data file(s): bigDataUrl

hubDirectory
|
|_hub.txt
|_genomes.txt
|_genomeDirectory1
       |_trackDb.txt



Track Hubs
Track Hubs are text files (hub.txt, genomes.txt, trackDb.txt) that describe and 

point to the location of binary indexed data files (twoBitPath, bigDataUrl)

 hub.txt
hub MyHubsNameWithoutSpaces 
shortLabel My Hub's Name
longLabel  Longer label about my hub.
email myEmail@address
genomesFile http://location_of/genomes.txt

genomes.txt
genome yourGenome
trackDb http://location_of/trackDb.txt
twoBitPath http://location_of/output.2bit
...

trackDb.txt
track cytoBandIdeo
type bigBed
longLabel Chromosome ideogram with cytogenetic bands
shortLabel cytoBandIdeo
bigDataUrl http://location_of/yourCytoBandIdeo.bigBed

track bam1
type bam
shortLabel BAM example
longLabel A BAM file for my genome data 
visibility dense
bigDataUrl http://location_of/file.bam 
…

Each new track gets a new stanza
bigDataUrl lines point to location of binary indexed data 
More trackDb parameters can be defined too (color, ect.)



twoBitPath http://location_of/output.2bit

Genomic Window of Sequence viewed 
at UCSC

Three tracks are generated from the 
2bit on the fly:

● Base Position
● Restriction Enzymes
● Short Match Track   (30 bases)

genome yourGenome
trackDb http://location_of/trackDb.txt
scientificName Your Genome
description Feb. 2017 Assembly
organism Your organism
defaultPos chr1:1000000-2000000
groups groups.txt
htmlPath http://yourGenome/description.html
twoBitPath http://location_of/output.2bit

genomes.txt shares where to find the 
2bit (and what to call new genome)

Track Hubs
Track Hubs are text files (hub.txt, genomes.txt, trackDb.txt) that describe and 

point to the location of binary indexed data files (twoBitPath, bigDataUrl)

 



groups groups.txt

Very small file labels and priority ordering
name map
label Mapping
priority 1
defaultIsClosed 0

name genes
label Genes
priority 2
defaultIsClosed 0

genome yourGenome
trackDb http://location_of/trackDb.txt
scientificName Your Genome
description Feb. 2017 Assembly
organism Your organism
defaultPos chr1:1000000-2000000
groups groups.txt
htmlPath http://yourGenome/description.html
twoBitPath http://location_of/output.2bit

genomes.txt shares where to 
groups.txt to label the track groups

Track Hubs
Track Hubs are text files (hub.txt, genomes.txt, trackDb.txt) that describe and 

point to the location of binary indexed data files (twoBitPath, bigDataUrl)

 



Viewing the 2bit at UCSC
Browser requests AGCTs for only the genomic window currently viewing 



Viewing the 2bit at UCSC
Browser requests AGCTs for only the genomic window currently viewing 



QuickStart Guide to Assembly Hubs

http://genome.ucsc.edu/goldenPath/help/hubQuickStartAssembly.html



Adding Annotations 

simple as adding text-based custom tracks

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  in.bed  chrom.sizes out.bb

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.

chr1 33050000 33060000
chr1 33050000 33060000
…
chr21 33030000 33040000
chr21 33050000 33060000
…
chr22 33030000 33040000
chr22 33050000 33060000
...

chr1 248956422
…
chr21 46709983
chr22 50818468
…



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

View Data Tracks at UCSC

A wide variety of track binary indexed formats exist:

● BAM, CRAM, VCF
● bigGenePred, bigBarChart
● bigPsl, bigChain, bigMaf, 
● bigNarrowPeak, halSnake
● bigBed, bigWig

track ex1bb
type bigBed
shortLabel ex1
longLabel   Blue example BED3 track
color 0,0,255
bigDataUrl http://path.lab.edu/to/out.bb

track track2
bigDataUrl http://path.lab.edu/to/out2.bb
...

The trackDb.txt shares descriptions 
and where to find binary indexed tracks



Additional Track Types In Hubs Example

bigGenePred

CRAM

VCF

bigBarChart

bigMaf



Additional Tools Available on Assembly Hubs
● BLAT search sequence or amino-acid matched 



Additional Tools Available on Assembly Hubs
● BLAT search sequence or amino-acid match
● Multi-region: simultaneously view non-adjacent regions across chromosomes
● Ability to annotate variants in added VCFs against added bigGenePred tracks



Text files: hub.txt, 
genomes.txt, 
trackDb.txt

Binary indexed files: 
twoBitPath, 
bigDataUrl

Remotely Hosted Data        Visualizable at UCSC

Assembly Track Hub Summary:



Examples of Hubs and Resources

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

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

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

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

     G-OnRamp
http://gonramp.wustl.edu/



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. 

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

Existing Working Assembly Hub Templates 
     Genbank Assembly Hubs  



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

Existing Working Assembly Hub Templates 
     Genbank Assembly Hubs  

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

2.    Visit just the hub.ncbi.txt and then the genomes.ncbi.txt and 
then look at a specific GCA...trackDb.ncbi.txt

     Genbank Assembly Hubs  



https://trackhubregistry.org/

Track Hub Resources
     Ensembl Track Hub Registry   



https://trackhubregistry.org/

Track Hub Resources
     Ensembl Track Hub Registry  -Link out from Gramene   



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

Track Hub Resources
     UCSC Public Hubs     moderated collection of track hubs



http://gonramp.wustl.edu/

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



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: 

Move all your local files 
(BAMs, ect)  with the single 
irsync command.

Then make the files publicly 
accessible with the ichmod 
command to view.  

https://de.cyverse.org/anon-files/ 

hubDirectory
|
|_hub.txt
|_genomes.txt
|_genomeDirectory1
       |_trackDb.txt

$ irsync -r local_directory_name i:data_store_directory_name

$ ichmod read anonymous data_store_directory_name

Track Hub Resources



Thank You!


