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To Visualize and Analyze New Genomes



    Assembly Hubs

Examples of Existing Assembly Hubs and Analyzing Variants
         Sharing hubs via Public Hubs and Public Sessions

Binary Indexed Files used for Visualizing Data in Hubs 
         bigDataUrl for “big” files   

Text Files used to define Track Hubs
          hub.txt ->  genomes.txt -> trackDb.txt 
         
Building an Assembly Hub for a FASTA file from Cucumber
  



UCSC Browser Assembly Hubs
Increased Availability of New Assemblies 



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.gi.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/



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

Public Track Hubs
     UCSC Public Hubs     moderated collection of track hubs

Search term



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

Public Track Hubs
     UCSC Public Hubs     moderated collection of track hubs

Search term



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

Assembly Hubs via Sessions
     Public Sessions    community contributed views of the Browser

hub_



Assembly Hubs via Sessions
     Public Sessions    community contributed views of the Browser

base
          2) Click image under screenshot to load the session

3) Click the “base” zoom-in button 

1) Search snail   



Analyzing a variant on an assembly hub
Variant Annotation Integrator (VAI)  process SNPs on provided prediction tracks

Collection of many Gene 
PredictionTracks (file                 

type bigGenePred). Files allows 
display of AA codons based on 
reference assembly sequence.

A Multiple Alignment Track (file  type 
bigMaf). Allows display of other 

genomes aligned to this reference.

A genomic alignment track (file type 
bigPSL). mRNAs from GenBank 

aligned to reference. 



Analyzing a variant on an assembly hub
Variant Annotation Integrator (VAI)  process SNPs on provided prediction tracks

track type=pgSnp  name=myData visibility=pack description="This represents a SNP"
LGUN_random_Scaffold6274 11508 11509 A 1 0 0

Add a Custom 
Track



Analyzing a variant on an assembly hub
Variant Annotation Integrator (VAI)  process SNPs on provided prediction tracks

Custom 
Track

http://genome.ucsc.edu/s/brianlee/hub_snail



Analyzing a variant on an assembly hub
Variant Annotation Integrator (VAI)  process SNPs on provided prediction tracks



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 can have 

data more easily extracted 
and can also be viewed in 

Genome Browsers.

Sequence Alignment Map (SAM) is a text-based format for storing biological sequences ... The binary equivalent 
of a SAM file is a Binary Alignment Map (BAM) file,



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 binary file 
output.2bit can have   

data more easily extracted 
and can also be viewed in 

Genome Browsers.



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



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.)



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)

 

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



Building an Assembly Hub for Cucumber



Build the 2bit for Cucumber
Navigate to NCBI and find the latest Cucumber Genome:

https://www.ncbi.nlm.nih.gov/assembly/?term=Cucumber

Select 2017 B10v2 and click the “Download the GenBank assembly” link



Build the 2bit for Cucumber

Obtain the link for the full Fasta file 
(GCA_001483825.2_B10v2_genomic.fna.gz):

wget 

ftp://ftp.ncbi.nlm.nih.gov/genomes/all/GCA/001/483/825/GCA_001483825.2_B10v2/

GCA_001483825.2_B10v2_genomic.fna.gz

Unzip the fasta file:

    gzip -d GCA_001483825.2_B10v2_genomic.fna.gz

:



faToTwoBit and other standalone command-line 
Utilities are downloadable tools available on Linux 
and UNIX platforms.

Build the 2bit for Cucumber
Obtain utilities from the UCSC Genome Browser



Build the 2bit for Cucumber
Obtain utilities from the UCSC Genome Browser

faToTwoBit and other standalone command-line 
Utilities are downloadable tools available on Linux 
and UNIX platforms.



Build the 2bit for Cucumber
Obtain utilities from the UCSC Genome Browser

faToTwoBit and other standalone command-line 
Utilities are downloadable tools available on Linux 
and UNIX platforms.



Build the 2bit for Cucumber
Obtain utilities from the UCSC Genome Browser

wget http://hgdownload.soe.ucsc.edu/admin/exe/linux.x86_64/faToTwoBit

wget http://hgdownload.soe.ucsc.edu/admin/exe/linux.x86_64/twoBitInfo

wget http://hgdownload.soe.ucsc.edu/admin/exe/linux.x86_64/bedToBigBed



 faToTwoBit GCA_001483825.2_B10v2_genomic.fna cucumber.2bit

The resulting binary file 
cucumber.2bit will be 

referenced in twoBitPath in 
the genomes.txt file  

Build the 2bit for Cucumber
Use faToTwoBit:



Build a Cytoband Track from the Cucumber 2bit

LKUO02000001.1 12661638
LKUO02000002.1 16711
LKUO02000003.1 11978
LKUO02000004.1 5190334
LKUO02000005.1 16581
LKUO02000006.1 25283
LKUO02000007.1 27846
LKUO02000008.1 17515
LKUO02000009.1 19313
LKUO02000010.1 273978

twoBitInfo cucumber.2bit cucumber.chrom.sizes

Extract the size of the chromosomes in cucumber for building indexes



Build a Cytoband Track from the Cucumber 2bit

cat cucumber.chrom.sizes |  awk  '{print $1,0,$2,$1,"gneg"}' > 
yourCytoBandIdeo.bed

LKUO02000001.1 12661638
LKUO02000002.1 16711
LKUO02000003.1 11978
LKUO02000004.1 5190334
LKUO02000005.1 16581
LKUO02000006.1 25283
LKUO02000007.1 27846
LKUO02000008.1 17515
LKUO02000009.1 19313
LKUO02000010.1 273978

LKUO02000001.1 0 12661638 LKUO02000001.1 gneg
LKUO02000002.1 0 16711 LKUO02000002.1 gneg
LKUO02000003.1 0 11978 LKUO02000003.1 gneg
LKUO02000004.1 0 5190334 LKUO02000004.1 gneg
LKUO02000005.1 0 16581 LKUO02000005.1 gneg
LKUO02000006.1 0 25283 LKUO02000006.1 gneg

From the chrom.sizes  create a BED file that will represent chromosomes 



Build a Cytoband Track from the Cucumber 2bit

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

LKUO02000001.1 0 12661638 LKUO02000001.1 gneg
LKUO02000002.1 0 16711 LKUO02000002.1 gneg
LKUO02000003.1 0 11978 LKUO02000003.1 gneg
LKUO02000004.1 0 5190334 LKUO02000004.1 gneg
LKUO02000005.1 0 16581 LKUO02000005.1 gneg
LKUO02000006.1 0 25283 LKUO02000006.1 gneg

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

 Turned 
yourCytoBandIdeo.

bed text file into a 
binary indexed 

version: 
yourCytoBandIdeo.

bigBed

Use bedToBigBed to wrap text data into a binary indexed version



bigDataUrl http://location_of/yourCytoBandIdeo.bigBed

twoBitPath   http://yourGenome/cucumber.2bit

Build the hub.txt, genomes.txt, trackDb.txt 



Obtain example files from a simple assembly hub:

wget http://hgwdev.gi.ucsc.edu/~brianlee/examples/trackHub/simple/hub.txt

wget http://hgwdev.gi.ucsc.edu/~brianlee/examples/trackHub/simple/genomes.txt

wget http://hgwdev.gi.ucsc.edu/~brianlee/examples/trackHub/simple/trackDb.txt

wget http://hgwdev.gi.ucsc.edu/~brianlee/examples/trackHub/simple/groups.txt

Build the hub.txt, genomes.txt, trackDb.txt 



Edit the hub.txt,  genomes.txt and trackDb.txt to use correct locations and 
correct cucumber chromosome names

Build the hub.txt, genomes.txt, trackDb.txt 

hub.txt
hub c01 
shortLabel cucucmber
longLabel  This is displaying B10v2 cucumber genome from GenBank
email myEmail@address
genomesFile genomes.txt

genomes.txt

trackDb.txt
track cytoBandIdeo
type bigBed
longLabel Chromosome ideogram with cytogenetic bands
shortLabel cytoBandIdeo
bigDataUrl yourCytoBandIdeo.bigBedgenome cucSat1

trackDb trackDb.txt
scientificName Cucumis sativus
description 2017/05/19  GCA_001483825.2
organism Cucumber
defaultPos LKUO02000001.1:1000000-2000000
groups groups.txt
htmlPath https://www.ncbi.nlm.nih.gov/assembly/GCA_001483825.2
twoBitPath cucumber.2bit



Edit the genomes.txt to include blat servers

Build the hub.txt, genomes.txt, trackDb.txt 

Location of 2bit
|_genomes.txt
|_cucumber.2bit

http://path.lab.edu/to/ genome cucSat1
...
blat hgwdev.gi.ucsc.edu 166669
transBlat hgwdev.gi.ucsc.edu 166666

 (trans is short for “translated” AA search)

gfServer start localhost 166666 -trans -mask cucumber.2bit &
gfServer start localhost 166669 -stepSize=5 cucumber.2bit &

genomes.txt



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



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

Binary indexed files: 
twoBitPath, 
bigDataUrl

Remotely Hosted Data        Visualizable at UCSC

Summary of Assembly Track Hubs



live demo:

http://   genome.ucsc.edu

bit.ly/UCSC_UO


