Making an Assembly Track Hub
To Visualize New Genomes

=scaffole_1
GTTOTAAATACTCTATTCTACAATARAACCAA
TCATAGGTTGAATTGGCOGTTOGAAGT AAAACAAA,
»scaffole 2
ACTTATOACARALTATAAAAALTCCLATAGAGACAAALLD.
TCOTTCOTGCALGAAGCGACCAAAALTCAGCACAAGATY
*»scaffole )
CATAAATTCATARATCAATTCATCARCAATAATTY
TAGAAAATTTCCCAGGAAGTTTCAALTTCLTAY

hubDirectory
|__hub.txt
|_genomes.ixt
|__hg18
|__trackDb.txt
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1. How Binary Indexed Files are used for Data
Visualization

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

3. Track Hub Resources



Building a 2bit file: binary indexed FASTA

sscaffole_1
GTTGTAAATACTCTATTCTACAATAALACCAA
TCATAGGTTGAATTGGCGTTOGAAGT AAAACAAA,.
sscaffole 2
AGTTATOACARALCTATAAAAACTCCLATACAGACAAALL,
TCOTTCOTOOACGAAGCGACCAAAALTCAGCACAAGATY
*>scaffole )
CATAAATTCATARATCAATTCATCAACAATAATTY
TAGAAAATTITCCCAGCAAGTTTCARLTTCLTAY

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

PRESLEY_ 0031551169001 34320042 €5

¢hri

10047

54

6TIs

falhfatela_clotafcal fu_ecfabfeafof“cace* N\ 2 JY 2T\ K VIT M I 10000

PRESLEY_8039:5:2611717:940050/2 65

f_fcgetthrhaect roftlfrectiIrcrtich obiel co™w™" == ) Y 0eapasassts

PRESLEY_ 0039551691 178831 15567 00/2
Fg TGEARARTRANA MY
PRESLEY_ 8039:5: 751 72431 15014502

chrl
(5]
€5

10853
<hri

¢hrd

5¢
10050
10050

6imLSs
a8
5%
158

Wrmis

1 RARANN A GRANNA A B (g €A RO f Ch PR b bhea ] _cfeal

ST

RERTEAMETIRNA T FRQIREINC g IRIANTCARIRCINCgCearart NateeeheaccRehhn] egtd [bb

PRESLEY_0033:51100110596 (3305002

©

chri

10060

155

WIS

PRI N RIS I N BRI B RN B NN B A T g B by R B b v _d Mg gded “a*

PRESLEY_ 8039: 74791 78081 15262m02

€5

chrt

10850

155

SIS

NARAPANAG T RN Ag gh TRRARA RRRARARA_aPA T FCANRESEn TR T ERAMAN MR T CCRITCCCNEg oR

PRESLEY_0039: 71911107701 1928100/ 2
R ARN RA RRNAIA K F A 1 g A B MA ¢
PRESLEY_8034: 70 1001 18543, 21267002

(>

hrt

10050

155

wrmes

ENNASANA GCghIhehenfad [cTTo_Tbe' "BE

€5

c<hri

10850

155

ISTLS

RN AAGARG N IAGH TQNNA QRN T Fagrndn CAChacataf 1 f1atf [T 1] Ccef _doegepacacaR
lorisnteesngwier ~13 head -n 40 tevpbelete

PRESLEY_8039: 7082116832 1 9421m 2

3

hrd

10042

155

€3S

POPAPA PA RRRARA DA PRRARA G RAPARA PR RARARA PR RRGAPA LG I RgAPA CARG 10 TR CCOL CPIM) Y S

PRESLEY_ 0036171183711 1665950/2

YELEMSehamEngathghng_TP1fchtergfrfrantanrertffacccetifrplelfentd__*\det"
L3e

PRESLEY_ 34,6151 16904:343200/2 65

L5]

het

chrd

10807

10043
ot

15e

Timss

CCTAMCCTARCCCTAACCCTAMCCC
CCTAACCCTARCCCTARCCCTAR (C
° AACTAMCCCTAALCCTAN
’ AACTAACCCTRALCCTAA
® AACTAACCCTRALCCTAN
L) AACTAACCCTAALCCT AN
® AACTAMCCCTAALCCTAN
L AACTAACCCTRALCCTAA
° CTAACCCTAALCCTANCC
® TasCCCvarcCoyaicC
CCTAAM CCTARCCCTAMCCCTARICC

-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

\

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

UCSC Genome Browser.



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

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

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

Utilities

The utilities directory offers downloads of pre-compiled standalone binaries for:

m LiftOver (which may also be accessed via the web version). The over.chain lift
®m Other command-line utilities
m Blat



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

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

s»scaffole_?

GTTOTAAATACTCTATTCTACAATARAACCAAAAGATALCTCTTTATCAG
TCATAGGTTGAATTGGCOTTOAAGT AMMACAAAAAATACTGCTCAAAAGG

Ia2 oy Host output.2bit at location that accepts
e byte-range requests (like CyVerse)

»scaffole )
CATAAATTCAT ARATCAATTCATCARCAATAATTTTACARARATLLTTCA
TAGAAAATTTCCCAGCAAGTTTCARLTTCCTATAATOATTATTTCTCTTC

»scaffole_d
ATACTGOCCATGLCTCATCTACTOCCTTOTTAACCTTITTCATCAACAACT
T T AAL Y T LT CATCACTOACTCACTCAGCCOAAALTCLAATALCTLY



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

asmBly.2bit files exist for download via Gonome
Bata link for all assemblies on the UCSC Browser
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A 2Dbit file is a binary indexed version of a FASTA file
(stores sequence ACGT as 00 01 11 10)

asmBly.2bit files exist for download via GOnome
Data link for all assemblies on the UCSC Browser

Sequence and Annotation Downloads

Ths page COﬁ‘m links 10 OOQ':)OOCO and anneiation data d



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

PRESLEY_0030:6:5:16980:343220/2 65 chrl 10047 254 67M95 - L] @ CCTAACCCTAACCCTAACCCTAACCC
falnfafela_ctacdfcaffw_edfabfcdfcf cace c\d\2awalY2ZZZ\\K*VZT2BEB3BBBS

PRESLEY_0030:6:26:1717:949020/2 65 chrl 10053 254 61M155 » 0 ] CCTAACCCTAACCCTAACCCTAACCC
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PRESLEY_0030:5:75:7248:1501470/2 65 chrl 18260 255 2S73M1S = e ® AACTAACCCTAACCCTAA
hfhfgghhgfhhhhffhghhdghcagfhhhhfchhfhe fhegeedfaff_hdfeeeheacc [Rchhh]egbd (bb

PRESLEY_0030:5:101:10596:338522/2 65 chrl 10260 255 2S73IM1S = Q L] AACTAACCCTAACCCTAA

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

~

>chrl:1499900-1500055

GCTACCATCACCCAAAAAGCTGAGGAGTTTGAATTCACTTCAGCACAACT
ATCATTAATTAATTTTTGAACCTCTGAGCCTGGAAGAGAAAACAGGTTTG
GTTCAACATGAAGAATACTGTGATTTGACCCGTGACAGAGCTTTCTGTTA



Assembly Track Hubs

bigDataUrl http://location of/file.bam

twoBitPath http://yourGenome/your.2bit /
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Extracting data from a the 2bit for later use:
your2bit.chrom.sizes

twoBitInfo your.2bit your2bit.chrom.sizes

chr1 249250621
chr2 243199373

chr3 198022430

chrl6 90354753
chrl7 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: yourCytoBandldeo.bed (sepa+1)

cat your2bit.chrom.sizes | awk '{print $1,0,$2,51,"gneg"}' >
yourCytoBandIdeo.bed

_— v

chr1 249250621 chr1 0 249250621 chr1 gneg

chr2 243199373 chr2 0 243199373 chr2 gneg

chr3 198022430 chr3 0 198022430 chr3 gneg

chr16 90354753 chr16 0 90354753 chr16 gneg

chr17 81195210 chr17 0 81195210 chr17 gneg

chrUn_gl000231 27386 chrUn_gl000231 0 27386 chrUn_gl000231 gneg
chrUn_gl000229 19913 chrUn_gl000229 0 19913 chrUn_gIl000229 gneg

chrM 16571 chrM 0 16571 chrM gneg



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

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

/ / yourCytoBandIdeo.bigBed

chr1 0 249250621 chr1 gneg table cytoBandldeo l

chr2 0 243199373 chr2 gneg "cytoBandldeo describes...." . .

chr3 0 198022430 chr3 gneg ( Host file.bigBed
S’Fring chrom; "I':'{eferen,(’:e.... “ at location that
chr16 0 90354753 chr16 gneg uint chromStart; "Start...

chr17 0 81195210 chr17 gneg uint chromEnd; "End...” accepts
str!ng name; ::Ngme of ite_m"” byte-range
chrUn_gl000231 0 27386 chrUn_gl000231 gnegstring gieStain; "Giemsa stain..”. ts (lik
chrUn_gl000229 0 19913 chrUn_gl000229 gneg) requests (like

chrM 0 16571 chrM gneg CyVerse).



Building the Hub Text (.txt) Files

s»scaffole_1
GTTOTAAATACTCTATTCTACAATARAACCAA
TCATAGGTTGAATTGGCOGTTOGAAGT AAAACAAA,.
»scaffole 2
ACTTATOACARALTATAAAAACTCCLATAGAGACAAALLD,
TCOTTCOTGCALGAAGCGACCAAAALTCAGCACAAGATY
*»scaffole )
CATAAATTCATARATCAATTCATCARCAATAATTY
TAGAAAATTTCCCAGGAAGTTTCAALTTCLTAY

hubDirectory
|__hub.txt
|_genomes.ixt
|__hg18
|__trackDb.txt
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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 cytoBandIdeo
longLabel Longer label about my hub. type bigBed

email myEmail@address

genomeskFile http://location_of/genomes.txt

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

genomes'tXt bigDataUrl http://location_of/file.bam

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.)



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)

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

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

genome yourGenome

scientificName Your Genome
description Feb. 2017 Assembly

organism Your organism e Base Position

defaultPos chr1:1000000-2000000 .o

groups groups. txt e Restriction Enzymes

htmlPath http://yourGenome/description.html

twoBitPath http://location_of/output.2bit e Short Match Track (30 bases)



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)

groups groups.txt

el ™~

genomes.txt shares where to Very small file labels and priority ordering

groups.txt to label the track groups name map
c label Mapping

genome yourGenome priority 1
scientificName Your Genome defaultlsClosed 0
description Feb. 2017 Assembly
organism Your organism name genes
defaultPos chr1:1000000-2000000 label Genes
groups groups.txt iority 2
htmlPath http://yourGenome/description.html priority

twoBitPath http://location_of/output.2bit defaultlsClosed 0



Viewing the 2bit at UCSC

Browser requests AGCTs for only the genomic window currently viewing

UCSC Genome Browser on Your organism Feb. 2017 Assembly Assembly (yourGenome)
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Viewing the 2bit at UCSC

Browser requests AGCTs for only the genomic window currently viewing
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QuickStart Guide to Assembly Hubs

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

" Quick Start Guide to Assembly Hubs
Assembly Hubs aliow researchers to create Track Data Hubs on assembiles that are not in the UCSC
Browser. By including the underlying reference sequence in UCSC twoBil 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 =-po-parent --roject “index.html** -nH --gut-dirs=3
BLipi//genome , uosc .edu/goldenPath/help/exanples /hubExamples /hubhssenbly/plantAraThal /



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

IS ] [




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
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sceffols _1:30192-36232
SCAMOM_L 2590413250048
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scaffold_B:2204521-2264539
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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

Scale
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Examples of Hubs and Resources

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

Ensembl Track Hub Registry
i https://trackhubregistry.org/
:ZES?gmes.txt
|__trackDb.txt

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

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

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
Collection of hubs for

Mmmmuqsénmmnuondwwwm.
Use these links to go to the index for that subset of assemblies:

number numwd average
species species mblies meonﬂg total nucleotide

average
subset av count av count av contig size assembly size
AT A' AY AT

: nzmme
o Y Y PO

DO NI AWN -

Colloction of hubs for Genbank genome assemblies.
These assemblies use the NCBI ion naming on ch

Use these links o go to the index for that subset of assamblies:
ber of average average
species I"":=a aI et total contig|| total nucleotide
I' subsot av ':?” “ﬂm count a~ count av “‘P. ‘b_.’m
0 2 .

§|

w
-
=




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.

The "Tamon 107 fink will 9o %0 the Engrez taxonomy for hat 1D

Tho "common rava” Ink wil 00 10 T UCSC penome browsdy 10r 1Nat assombly
The "Ticsampls™ Ink will 00 16 Bhe Entrer bicsarrpie for that 1D

Tha “acoussion” o wil 9O 10 I Endrez assernbly for Dt 1D

The “sssomdiy® ok will 0o 1 8o NCSI! Cenbank FTP source drocaory.

Dav | WMo~ rame - neme av | DOSMMPR AT | entac] sizsac F"" av

%4075




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

.




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

Ensembl Track Hub Registry -Link out from Gramene
https://trackhubregistry.org/

{gmmeae ! Satrch 10r QRras. SDACHS. DATWIRYS OiSiogy berms, COMmars

Gramene Mart
l“” “” Qaelyou genomes with a DNA or D0SssiMart  An advanced query interface
' protein sequence powerad by BoMan

Track Hub Registry O | = | Outreach and Training
A gobal cantralised collection of o Educations resourcas and
publicly acossaitio track Pl 8 & 8 wabiners
Bulk Downloads m LAth'. -
FTP download of cur date o s e

Cyo pathways, etc)



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

http://gonramp.wustl.edu/
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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
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