UCSC Browser Assembly Hubs
To Visualize and Analyze New Genomes

=scaffole_1
GTTOTAAATACTCTATTCTACAATARAACCAA
TCATAGGTTGAATTGGCOGTTOGAAGT AAAACAAA,
»scaffole 2
ACTTATOACARALTATAAAAACTCCATAGAGACAAALD.
TCOTTCOTGCALGAAGCGACCAAAALTCAGCACAAGATY
»scaffola )
CATAAATTCATARATCAATTICATCAACAATAATY
TAGAAAATTTCCCAGGAAGTTTCAALTTCLTAY

hubDirectory
|__hub.txt
|_genomes.txt
|__hg18
|__trackDb.txt
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UCSC Browser Assembly Hubs
Increased Availability of New Assemblies
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UCSC Browser Assembly Hubs
Chance to View Data From a New Perspective




1. Binary Indexed Files used for Visualizing
Data in Hubs

2. Text Files used to define Track Hubs

3. Examples of Existing Assembly Hubs and
Analyzing Variants



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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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

Scale 20 bases ) 4 can

{
2earrfola_t: 26, 190] 3. 200 30,249 :e.z:aL 2, 2 34,244
CTATCGAGGOAATANT TGARAARARNAAA AAAATCTITCGOGACCGCANAAATSGT T

w—)
Seuence (AW

MO 1SS 1T w—t
BATUL w——
T e




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

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

PRESLEY_ 0031551169001 34320042 €5 chri 10047 154 TS . ¢ °
falhfatela_clotafcal fu_sefabfca o “cace* N\ s Y2\ K*VIT M M 10000
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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 2Dbit file is a binary indexed version of a FASTA file
(stores sequence ACGT as 00 01 11 10)

faToTwoBit input.fasta output.2bit

//’////"

sscaffole_1
GTTOTAATACTCTATTCTACAATARMAACCAAAAGATALCTCTTTATCAG
TCATAGGTTGAATTGGCGTTOAAGT AAAACAAAAAATACTGLCTCAAAAGG

»scaffole
ACTTATOACARACTATAAAAAGTCCLTAGAGACAAAALCCARAAGGATCY
TCOTTCOTOOACGAAGCOGACCAARMALTCAGCACAAGATARATCCCGAATA

*»scaffole )
CATAAATTCAT ARATCAATTCATCARCAATAATTTTACARARATLLTTCA
TAGAAAATTYCCCAGCAAGTTTCARLTTCCTATAATCGATTATTTICTCTTC

»scaffole ¢
ATACTGCCCATGLCTCATCTACTCCCTTCTTAACCTTTTCATCAACAACT
T T AAL Y T LT CATCACTOACTCACTCAGCCOAAALTCLAATALCTLY

\

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 "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
f_fedeffhfhaecffaff)ffdcf]ffcff]ch bb[d)db W' ~~_)_Y~B2BBBEBEDEBABEAA

PRESLEY_0030:5:69:17883:15567#2/2 65 chri 10060 255 2573M1S5 = 2 L) AACTAACCCTAACCCTAA
hgfgghhhhfhhhhhhhhhhhghghhhhhhghghhhhhhhrhfhhgdhhhchghfchfhhadbhnheal cfeal

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 -seg=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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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.)



Viewing the Assembly Hub (2bit file) 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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Click on a feature for details. Click or drag in the base position track 10 zoom In.
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Adding Browser Extensible Data (BED) Annotations

text-based BED custom tracks: chromosome start end

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 in.bed chrom.sizes out.bb

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

chr1 33050000 33060000
chr1 33050000 33060000 chrt 2a00szs bigDataUrl=http.//path.lab.edu/to/out.bb

chr21 46709983

chr21 33030000 33040000 chr22 50818468

chr21 33050000 33060000

chr22 33030000 33040000
chr22 33050000 33060000



CUSTOM
DATA

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

P \

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

track tracklbam A wide variety of track binary indexed formats exist:
bigDataUrl http://location_of/file.bam

BAM, CRAM, VCF

bigGenePred, bigBarChart

bigPsl, bigChain, bigMaf,

bigNarrowPeak, halSnake

bigBed, bigWig

track exampleBigBed

type bigBed

shortLabel ex1I

longLabel Blue example BED3 track
color 0,0,255

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



Additional Track Types In Hubs Example
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Additional Track Types In Hubs Example

XM_012374186.1 l i

bigBarChart xm.012374185.1, ‘

XM_012374187.1 | L
XM_012373946.1 L. XM_0123746841 L!
XM_012374183.1 |
-
XM_012374184.1) L
neiGene - gene predictions delivered with assembly from NCE!
blgGenePred %M 012374185, 1 F 9323332290000 R S S L L |
XM 012374186, 1 223393332003 NERE R B L ey
XM_012374187 .1 BI3>EI 3> CTECEETET e Hp->>>3> 333>
XM_012373946.1 |4 XM 012374684, 1 B4+ AR
XM_012374183.1 o510
. XM_012374184.1 br>>>> e
biglnteract An interact Sle

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



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
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J e . 'kh?Am'Mm'Mmmmv'Hnvn:\'v"‘h‘“t MMW“"WI

‘ el Daaron oF COATOMNK L T PO NG A

ey
! Vs twn
AL T Farman | S T ee ! Sy

‘ Aow T s Aral oy b

J wing; LO-164

|

| scaffols_1:30192-36232

! SCAMOM_L: 2590413 2909040L

‘ sceffeld_1:4012529 4012351
move stan scaffold 6:2071405-2071427

« 0 scaffold _B:220A521-2264539



Summary of Assembly Track Hubs

Remotely Hosted Data

Text files: hub.txt,
genomes.txt,

Binary indexed files:
twoBitPath,
bigDataUrl

=scaffole_1
GTTGTAAATACTCTATTCTACAATARMACCAA
TCATAGGTTGAATTGGCGTTGAAGT AAAACAAA,

»scaffole 2
ACTTATOACARALTATAAAAACTCCLATAGCAGACAAALD.
TCGTTCOTGOACGAAGCGACCAARALTGAGCACAAGATY

*»scaffola )
CATAAATTCATARATCAATTCATCARCAATAATTY
TACGAAAATTTCCCACCAACTTTCARLTTCCTAY

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

Visualizable at UCSC

fcale 20 bases ) 4 oan
scarfola_t: 36,190 2,200 36,28 ¥ 2, 22 2, 23 3, 2441

wew) CTATCGAGGCARTANT TGAAAAARNAAA AAAATCTITCGOGACCGCANAAATSGT
TEMMNCE (YY)
from AEBASE
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Examples of Hubs and Resources

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

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

UCSC Public Hubs (Links to Hub Documentation)
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/



Public Track Hubs

UCSC Public Hubs moderated collection of track hubs

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

Browse/Select Species

POPULAR $PECHLS

Search term

ra !
Mouse 1trale auem® ey (14
,.‘Z‘\ Homen




Public Track Hubs

UCSC Public Hubs moderated collection of track hubs

http://genome.ucsc.edu/cgi-bin/hgHubConnect MyDsla  Help  Abow
Public Hubs My Hubs H My Sessions IP
Enter search terms to find in public track hub description pages: Public Sessions
duck
Fitar Bube by assernbly: —— o TockHubs ]
S h Displayed list restricted by rch te duck ! e raa 3
splayed list res s¢a rms: duck  Srcw At Hus
earc te rm Track Collection Builder
When exploring the detailed search results for a hub, you may right-click on ¢ —
Clicking Connect redirects to the gateway page of the selected hub's default &
Display Hub Name Description A
Gl Crocond Bird Hup  [ro Bd, and Archosaur Assembly

4. Search details ...
4.1 Matching Assembly
Apr. 2013 (BGI_duck_1.0/anaPlal) (anafial)
Assembly Description: ... This is the mallard duck Anas platyrynchas genom
Discornect CESAR Gene Mappings Human Exons mapped by CESAR {
+-Search details ...
+-1 Matching Assembly

Apr 2013 (BGI_duck_1.0/anaPlal) (hut Open this assembly



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

http://genome.ucsc.edu/cgi-bin/hgPublicSessions st O, o

Public Sessions ] Sy Seasionh
| Public Sessions
Sessions alow users to save snapshots of the Genome Browser and its current configuration, Including displayed |
tracks, positicn, and custom track data. The Public Sessions tool alows users 1o easily share thosa sessions hat { Track Hubs
they deem Interesting with the rest of the worid's researchers. You can add your own sessions 10 this list by
checking the appropriate box on the Session Manegement page. Custom Tracks
See the Sesslons User's Guide for more information,
Sort by: Crecton jcidest fest) B
Show 10 [ entries Search: mab

3 coding genes and pseudogenes from veciorbase version 4.3;

Sraey . predicted siop codon readthrough reglons; PhyloCSF tracks

MR —— B i L = showing evolutionary protein-coding potental; spueo-pmdlcﬂon
A e s ke tracks USing the maximum-entropy iction algorithm;

Tedzoes awmmimmdmmmwﬂmwm%m&'

’ excluding regions already annotated in vectorbase version 4.

Author; djungr

Sosslon Name: AgamP4

Genome Assembly: hub_102577_AgamP4

Creation Date: 2016-08-0%

Views: 366

Screenshot Session Properties
e — IR T Description: This is an assembly hub for the Agam™4 assembly
num\w\‘wsmu\ of Anophelos gambiae PEST strain. it includes the assembly; the h b

Dncdpson WQ muonood the horrmpmoamc ﬂmmr M




Assembly Hubs via Sessions

Public Sessions community contributed views of the Browser
My Data Help Abou

1) Search snail — Search: isn | My Sessions
Bassien Propats
Description: We sequenced the hemaphreditic freshwater | Track Hubs

m Bim_\phdaria glabrata (strain 3802). the host for the . Stk Yraskes

2) Click image under screenshot to load the session

base

3) Click the “base” zoom-in button
UCSC Genome Browser on Snail Biomphalaria A Assembly (bioGla0)

MOVE <<« <« »»>> 20OMIN 16x  3x | 10x  base ZOOMOUR 16x  3x | 10x | 100«
LGUN_random_Scaffold6274:11,486-11,678 193 bp. orter pOSEon or search terems 90
* % b nn; ; b 0 1a t
LOUN_r o, t M | ol aae 3 11,8400 5| | 13 . %40|  31.890 11,600 11 616 .| 630l
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Analyzing a variant on an assembly hub

Variant Annotation Integrator (VAI) process SNPs on provided prediction tracks

lscun £ W00, tc:n. t ]' 18, %10l 2, aael 11 %l n.uoL
— SRRTRTT 1 11 SPSTLEATA ISV LVS 1L SIS0 S
| pccrenzicoon CRENERCEETENACSILSIN BN Collection of many Gene
L el e O PredictionTracks (file
::::m;g:; F type bigGenePred). Files allows
o CANROS o al display of AA codons based on
10T 443400
}oL oee 100008 reference assembly sequence.
ME_Shad1s
M3 831840 - - ——

MY di00eT
M40 e

L o0 seades A genomic alignment track (file type
W1, 407 443030 - igPSL). mRNAs from GenBank
HY_4Ce32T
aligned to reference.

-l
-
‘-
>
-
3
| 1505853500
' - -
s
_‘. -

A Multiple Alignment Track (file type
YN P W AT AT e T A A N AT Y T e . .
RS 0L AP K- M T G 11O Vv oG «M-mvm?m> bigMaf). Allows display of other

mald L
Tty AN . .
genomes aligned to this reference.




Analyzing a variant on an assembly hub

Variant Annotation Integrator (VAI) process SNPs on provided prediction tracks

track vecBase

shortLabel Vectorbase Genes trackDb.txt for Vectobase
bigDataUrl vecBaseGenes.bb o

longLabel Vectorbase Genes Gene Prediction Track
group genes type bigGenePred
visibility pack

type bigGenePred
baseColorUseCds given
baseColorDefault genomicCodons
priority 1

track multiz3way
hortLabel Mollusk Ali . .

bigDataUr! bioGlaMaf bb trackDb.txt for Mollusk Align Multiple

summary multizSummary.bb Alignment Track that uses multiple

frames multiz3wayFrames.bb . . . :

JongLabel Mollusk Align blgBed_s to display information

group compGeno type bigMaf

visibility pack

type bigMaf

speciesOrder apl/Cal0 lotGig0




Analyzing a variant on an assembly hub

Variant Annotation Integrator (VAI) process SNPs on provided prediction tracks

My Data View Help

l My Sessions |
Add a Custom =iz
Track | ’;2

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

l

Paste URLs or data: Or upload: ' choose File ' No file chosen Submit

track type=pgSnp name=myData visibility=pack description="This represents a SNP"
LGUN_randoem_Scaffold6274 11508 11509 A100

| Clear




Analyzing a variant on an assembly hub

Variant Annotation Integrator (VAI) process SNPs on provided prediction tracks

Variant Annotation Integrator
Tools Mirrors Downiog Select Genome Assembly and Region
dade gencme assembly
n Blat 4 S0t asetty B seor B Bemenaara gavan B
| Table Browser . reglon to annotate

I Qercme
1,900  13,810] 11,829  11.% |
ACAGGTTTTACTTTTATCCTGGCATANMATANG f| Variant Annotation Integrator |}

THiS Pepresents a SN Select Varlants

A ' Data Integrator
I E | 9 £ VArANES:  This ceproents a SNP
Sy maximum number of variants to be processed
RefSea Cenes manage custom vacks  wack s 10 roset all user ¢

Other RefSea Genes
Select Genes
The gene precicions selected hore will be used 4
\ Custom

Yectorseae Goren B

Track Define Filters

“+ Functional role

. ) Configure Output
http://genome.ucsc.edu/s/brianlee/PAG _snalil OUtPUL fOFMAL: | Vit Coect Brescier paTu)



Analyzing a variant on an assembly hub

Variant Annotation Integrator (VAI) process SNPs on provided prediction tracks
JCSC Genome Bioinformatics

Annotated Variants in VEP/HTML format

Variants: This ropresents a SNP (customTrash.t1_genome_25c4_7dada0)
Transcripts: Vectorbase Genes (hitpiiiya unm.eduBg_hub/vocBaseGenes.bd)

Uploaded Variation

Aming,
/&n{ Position ' Position | Position Codon  Co-ocated
Location Allsle|  Gone Feature type |CONSOQUONCE | iy cONA | inCDS | in protein | *o | change | Variation Extra
cain BGLB012233- . “ :
LGUN_random_Sca®old8274_11508_A | LGUN_random_ScaffoidB274:11509 | A BGLW RA Transcript | stop_gained | 163 183 S8 K~ AsaTea - EXON=2%8

Position Amino
Consequence :,oz:;‘:x '::’é%%" in acid
protein change

*t stop_gained 163 163 S5

K~
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