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Challenge: Genomicsis Hard

e
& .

“Genomicsis a ‘four- Y
g headed beast’; con5|der|ng
“the compu’ro’rlonal
demands across the
lifecycle of a dataset— -
--OCC{UISITIOI’] s’rorcge

| -’genomlcs is ‘either on par.
- with or the most demanding
4 of,the_Blg "Dcﬂq-d.omalns ;

‘oo
-

Stephens ZD, et al. _(20]5)_ Big Do’rq:As’rronomiCol ér Génorﬁ_ic':ol? PLOS B_icjl 13(7)_ ;



Chqllenge: Cross-Discipline Skill Requirements

Answering an experimental

question requires: WHAT ARE YOU LIORKING ON?

 Hardware resources TRYING TO FiX THE. PROBLEMS T
- compute, storage, network gg%g%g%g%m

- Software resources T TREDTO FX THE. PROBLEMS
-"tools, platform ‘ T CREATED LJHEN...

« _An analytic pipeline /

- -workflow of tools
« System administration
- skills to keep it all running

Obligatory. xked: hitps://xkcd.com/1739/



https://xkcd.com/1739/

G- Oanmp

Galaxy + Genomlcs Educahon Parfnershlp (GEP)

Galaxy

IBrowse JBI’D Wsé

Archive
Creator

RNA-Seq
analysis Hub

| SR ' Archive : , \.7_
' - ‘ Creator ISR
’ / / -

Transcripts /
proteins from
informant genome

B Genome Browser

. An mtegraied web based ond scqlqble enwronmen’r |
“+ Enables mierqchve annotqhon of any eukaryohc genome |



G-OnRamp: Tools Do the Work!

Genome
, Browser
~ Assembly Hub
Creators

. E N a
B Genome Browser 58 te




G-On Ramp: Galaxy-Based Analytical Platform

= Galaxy

Get Data
Send Data
Collection Operations
Lift-Over
Text Manipulation
Convert Formats
Filter and Sort
Bl loin, Subtract and Group
Fetch Alignments/Sequences

Operate on Genomic Intervals
Statistics

Graph/Display Data
Phenotype Association
G-OnRamp Tools

Workflows

= All workflows

1

Analyze Data Workflow Visualize v Shared Data~ Admin Help~ User~ E--

Workflow: G-OnRamp workflow for JBrowse/Apollo

History Options
Send results to a new history

Yes No

[ 1: Target genome
By @ 1: dbia3.fa

|
[ 2: Inform:

O @&

4: dmel-hits-translation-r6.11.fa

1: dbia3.fa

[ 3: Informant protein sequences

D @& 4: dmel-hits-translation-r6.11.fa

[ 4: RNA-Seq: Forward reads

O & 2: D.biamipes_RNAseq_whole_adult_females_s_

[ 5: RNA-Seq: Reverse reads

0D @& 3: D.biamipes_RNAseq_whole_adult_females_s_

Specify:Inputs; Tune Parameters,’Run!

Galaxy base provides:
* Web Ul for accessibility

- Programmatic API for automation and scalability. -
« Histories with specified parameters and intermediates for

transparency and.reproducibility

Transcripts /
proteins from
informant genome

Using 38.6 MB

History

Genome Browser Creation

(empty)

5: dmel-mrna-
chrom4.gb.txt

4: dmel-hits- IOW AR
translation-r6.11.fa

3 @ & X
D.biamipes_RNAseq whole_adult_fe
males_s_1 2 sequence.dotchromoso
me.contig16.fastqsanger

2: @ ¢ X
D.biamipes_RNAseq whole_adult_fe

males s 1 1 sequence.dotchromoso
me.contig16.fastqsanger

1: dbia3.fa IOW AR




G-On Ramp: workflows, the Analy

[3 Target genome ) x

output

[ informant mRNA ) %
GenBank records

output

[3Informant protein (2] %
sequences

output

[ RNA-Seq: Forward ) x
reads

output

[ RNA-Seq: Reverse (#) x
reads

output

/4 ghToFasta
gbfile
outputfa (fasta)

outputcds (tabular)

# rename the scaffolds ) x

input

/# UCSC BLAT Alignment Tool ) x

Using database file, either a .fa, .nib
or .2bit file

Query data, either a .fa, .nib or .2bit
file

output_sorted (psl)

# NCBI BLAST+ makeblastdb 2 %
Input FASTA files(s)

Optional ASN.1 file(s) containing
masking data

outfile (data, blastdbn, blastdbp)

/& Augustus

Genome Sequence

& Multi Fasta GlimmerHMM ] x

# UCSC psICDnaFilter ) x K UCSC psiCheck 2] x /# psiToBigPs|

alignment database Psl file

query query Input FASTA file
output_filtered (psl) input_psl| Input CDS file

pass_psl (psl) output_sorted (bed)

/# UCSC pslPosTarget 2] x /# NCBI BLAST+ tblastn A x

Protein query sequence(s)

output_ps| (psl) Nucleotide BLAST database

outputl (tabular, txt, html, blastxm/) '

/# Semi-HMM-based Nucleic Acid ] %
Parser (SNAP)

Genome Sequence

output (gtf, gff3)
protein_output (fasta)

codingseq_output (fasta)

F HISAT2
Forward reads
Reverse reads

Select the reference genome

output (gff3)

output (fasta)

index (csv)

output_alignments (bam)

output_unaligned_reads_
(fastgsanger)

output_unaligned_reads_r
(fastgsanger)

output_aligned_reads_| (fastgsanger)

output_aligned_reads_r (fastgsanger)

inputl

outputl (gff3)
output? (fasta)

output3 (fasta)

& StringTie A x
/# Convert Bam to BigWig ] x

Mapped reads to assemble transcripts

Choose BAM file from

Choose Reference Genome

output_gtf (gtf)
(Fasta)

gene_abundance_estimation (gtf)
output_bigwig (bigwig)

coverage (gff3)
# regtools junctions extract 2] x exon_expression (tabular)

inputl intron_expression (tabular)

outputl (bed) transcript_expression (tabular)

& TrfBig
input

output (bed)

& WindowMasker_mkcounts ] x

FASTA sequence file

mkcount_output (txt)

& WindowMasker_ustat
FASTA sequence file

Unit counts produced by
WindowMasker mkcount

mask_output (bed, fasta, maskinfo-
asnl-binary, maskinfo-asnl, xml)

/# WindowMasker_ustat &%
FASTA sequence file

Unit counts produced by
WindowMasker mkcount

mask_output (bed, fasta, maskinfo-
asnl-binary, maskinfo-asnl, xml)

# faToTwoBit 2 %

fixed_output (bed)

exon_transcript_mapping (tabular)

intron_transcript_mapping (tabular)

FASTA file

twobit_output (twobit) &

| Pipelines

# JBrowse Archive Creator 7 3
Reference genome

New group 1 > New track 1 > Blast
Alignments File

New group 1 > New track 2 > Bed
BLAT Alignments (bigPsl) File

New group 2 > New track 1 > Bed
Simple Repeats (Bed4+12) File

New group 2 > New track 2 > Bed File

New group 3 > New track 1 > BAM
File

New group 3 > New track 2 > BIGWIG
File

New group 3 > New track 3 > GTF File

New group 3 > New track 4 > Bed
Splice Junctions (Bed12+1) File

New group 4 > New track 1 > GFF3
File

New group 4 > New track 2 > GFF3
File

New group 4 > New track 3 > GFF3
File

New group 5 > New track 1 > BIGWIG
File

New group 5 > New track 2 > Bed File

output (jorowsehub)

# Create or Update Organism (2] %

JBrowse HTML Output

output (json)

# twoBitinfo & x # hgGcPercent & x
ene_counts (tabular)
gene_ twoBit input file twoBit input file
transcript_counts (tabular) o o .
output (len, bed) bw_output (bigwig)
legend (tabular)




G-OnRamp: Workflows By Sub-workflow

[3 Target genome a3

output

[Ginformant mRNA () x
GenBank records

output

[3Informant protein (2 x
sequences

output

[ RNA-Seq: Forward (2] x
reads

output

[JRNA-Seq: Reverse (7] x
reads

output

/4 ghToFasta

gbfile

outputfa (fasta)
outputcds (tabular)

& rename the scaffolds @) %

input

Sequence similarity

/4 UCSC BLAT Alignment Tool 2 x

Using database file, either a .fa, .nib
or .2bit file

Query data, either a .fa, .nib or .2bit
file

output_sorted (psl)

/# NCBI BLAST+ makeblastdb 2 %
Input FASTA files(s)

Optional ASN.1 file(s) containing

/# Augustus

Genome Sequence

& Multi Fasta GlimmerHMM (2] x

# UCSC psICDnaFilter (4] x
alignment
query query

output_filtered (psl)

/& UCSC psiCheck @) x

database

input_psl

/ pslToBigPs|
Psl file
Input FASTA file

Input CDS file

pass_psl (psl)

/# UCSC pslPosTarget ] %

input_ps!

output_psl

/& NCBI BLAST+ tblastn
Protein query sequence(s)

Nucleotide BLAST database

# Semi-HMM-based Nucleic Acid (] x

Parser (SNAP)

Genome Sequence

output (gtf, gff3)
protein_output (fasta)

codingseq_output (fasta)

F HISAT2
Forward reads
Reverse reads

Select the reference genome

output (gff3)

output (fasta)

index (csv)

output_alignments (bam)

output_unaligned_reads_|
(fastgsanger)

output_unaligned_reads_r
(fastgsanger)

output_aligned_reads_| (fastgsanger)

output_aligned_reads_r (fastgsanger)

inputl

outputl (gff3)

output? (fasta)

/# Convert Bam to BigWig ] x
Choose BAM file

Choose Reference Genome
(Fasta)

output_bigwig (bigwig)

# regtools junctions extract 2] %

inputl

outputl (bed)

fixed_output (bed)

# StringTie [k

Mapped reads to assemble transcripts
from

output_sorted (bed)

output_gtf (gtf)
gene_abundance_estimation (gtf)
coverage (gff3)

exon_expression (tabular)
intron_expression (tabular)
transcript_expression (tabular)
exon_transcript_mapping (tabular)
intron_transcript_mapping (tabular)
gene_counts (tabular)

transcript_counts (tabular)

# TrfBig
input
output (bed)

# WindowMasker_mkcounts (7] x

FASTA sequence file

mkcount_output (txt)

& WindowMasker_ustat
FASTA sequence file

Unit counts produced by
WindowMasker mkcount

mask_output (bed, fasta, maskinfo-
asnl-binary, maskinfo-asnl, xml)

# WindowMasker_ustat 2 %

FASTA sequence file

Unit counts produced by
WindowMasker mkcount

mask_output (bed, fasta, maskinfo-
asnl-binary, maskinfo-asnl, xml)

# faToTwoBit 2 x

FASTA file

twobit_output (twobit) %

# twoBitinfo @ x # o
twoBit input file

output (len, bed)

JBrowse
Archive
Creator

# JBrowse Archive Creator 7 3
Reference genome

New group 1 > New track 1 > Blast
Alignments File

New group 1 > New track 2 > Bed
BLAT Alignments (bigPsl) File

New group 2 > New track 1 > Bed
Simple Repeats (Bed4+12) File

New group 2 > New track 2 > Bed File

New group 3 > New track 1 > BAM
File

New group 3 > New track 2 > BIGWIG
File

New group 3 > New track 3 > GTF File

New group 3 > New track 4 > Bed
Splice Junctions (Bed12+1) File

New group 4 > New track 1 > GFF3
File

New group 4 > New track 2 > GFF3
File

New group 4 > New track 3 > GFF3
File

New group 5 > New track 1 > BIGWIG
File

New group 5 > New track 2 > Bed File

output (jorowsehub)

# Create or Update Organism (2] %

JBrowse HTML Output

Create or
Update
Organism




G-On RAMP: A JBrowse Genome Browser Factory

- Q Uy (9\ scaffold_3| v | scaffold_3:17469013..17486125 (17.11 Kb)

17,480,000

» HISAT

* StringTie

* regtools
RNA-Seq 2
Analysis

https://github.com/GMOD/jbrowse



G-On RAOMp: A ucsc Genome Browser Factory

Sequence
similarity

RNA-Seq
analysis

<< < > >> >>> zoom in 1.5x 3x 10x

contig16:1 -45,017 45,017 bp. enter position or search terms

base zoom out 1.5x 3x

go

Scale 10 kb

contig16: 5000 10,0000 15,000 20,0000 25000 30,000 35,000
BLAST Alignment

BLAST Alignment I I || - " II Ill

BLAT Alignment

HISAT Sequence Alignment

i D._biamipes_G-OnRamp_demo
40,000 45,000

BLAT Alignment HH* I|II7H7“7"|—

- HISAT sequence Al | | H———-H—ttlH——HH—HHiHH - --H——

StringTie Transcripts
StringTie Transcr I |l | H

Sequence Coverage
Sequence Coverage

| - : : ﬂ ' b, : R
Splice Junctions

Splice Junctions "H ” ’ || ’ } ’ i

move start Click on a feature for details. Click or drag in the base position track to zoom in. Click side bars

en T for track options. Drag side bars or labels up or down to reorder tracks. Drag tracks left or right to
. new position. Press "?" for keyboard shortcuts.

hitps://genome.ucsc.edu

<

move end
2.0 >




G-OnRam P. Collaborative Annotation Platform

Available Tracks drosophila_demo =~ File View Tools Help & apollo_admin irosophila_de scaffold_16 & apollo_admin | @
3¢ fiter tracks o 5000 {0000 15,000 20000 25000 30,000 35000 40,000 45, | Organism
~ BLAT Alignment (=) 1Qua. A @) [scafiold_16] ~ 1-1 of 1

) BLAT Alignments scaffold_16:8991..14090 (5.1 Kb) C Name Annotations Ref Sequences

¥ Gene Prediction 10,000 12,500

7 Augustus User-created Annotations

) GlimmerHMM
) SNAP

scaffold_16_FBpp0071086-00001 drosophila_demo 0 70

¥ Homology

¥) Blast Alignment
¥ Mapping and Sequencing

") GAP
") GC Percent

BLAT Alignments
¥ RNA-Seq

%) Assembled Transcripts
#) Splice Junction

¥) Sequence Alignment
¥) Sequence Coverage

¥ Variation and Repeats Details

) Simple Repeats
¥) Window Masker

Augustus

Name drosophila_demo

Apollo: an instantaneous, collaborative genome
annotation editor that provides a custom track for
user-created annotations on JBrowse hub archives

https://github.com/GMOD/apollo



G-OnRamp: Tight Apollo Integration

=.' Galaxy | ' Bundled Tools for ApoIIo Admlnlsirahon

B ool 2 JBrowse Archwe Creo’ror (JAC)

Apollo

T - Apollo User Monoger |
JBrowse Archive Creator This s Bqtch mcmagemen’r i user accounts

Galaxy tool is used to prepare

your files to be ready for

displaying on JBrowse with Apollo o Cl’eOTe or UdeTe Ol’g(]ﬂlsm

plugin S

- - Create Apollo instance from JBrowse

Apollo User Manager for
managing Apollo users

. 8 ’ *
Delete an Apollo record DeleTe an ApO”O Record 0
Create or Update Organism will »
create the organism if it doesn't
exist, and update otherwise

*: Tools adapted from https://github.com/galaxy-genome-annotation/galaxy-tools



G-On qupI The Genomics Education Partnership

Goals::

 Infegrate genomlcs m’ro the

.. undergraduate biology - ¢
curriculum ’ -

- Integrate research ’rhlnklng m’ro
fhe academic year curriculum

Partnership Scope: - m—— U p——

. >100 faculty. .~ B . | - B ARELs| W 2005
« >1000 undergroduo’res N giggg
' participate annually - - [ g A N
» G-OnRamp enables a - I s mE e A E;zf
diversity of projects NG * ¥ 2012
creating manually- . - _ Xt 2013
curated gene models ke | g;z:

R, e | Bt 2016-17



G-O_n qup: Progres’s and Resulrs_'

. 6 Workshops from 201 é- 2018

. 65 por’rrorpon’rs from 40+
. institutions ;
« >20 genome browsers creo’red

from por’rrorpon’r submlssrons .

Assembly sizes: 70Mb 3 9Gb

' Number of scoffolds 54 -
402,501 - |

Genome Browsers hos’reol on ’rhe
% CyVerse Data Store' ; ;

hﬂp //g onramp org

R “Vlew Genome Browser



http://g-onramp.org/

G-On Ramp: Long-Term Hub Storage on CyVerse

? Galaxy Analyze Data Workflow Visualize ~ Shared Data~ Admin Help

CyVerse Upload Tool

CyVerse interaction via iRODS v Options ° Requires a (free) Cy\/erse OCCOUHT

CyVerse This Galaxy tool is used to upload files to a

Tools

G-OnRamp Tools user's Data Store on CyVerse (Galaxy Version ; L2 B ’
e have ko | Advantages of External Storage:

Galaxy tool is used to upload files Data to upload ® 4 No Cosi Cyverse "Offers ‘| OOGB
to a user's Data Store on CyVerse : .

B @& O |27:8rowse Archi.. ~ free:(more on request)
Subdirectory to install to - descriptive is o Flexibile Accessib|e from
= All workflows good v ‘ :

anywhere, by anyone
“o Simple: View hubs without
Place Timestamp in directory name for : ;

T running a server
aName_20180604T212729)

Timestamp Directory Disadvantages::

e - Privacy: Accessible from
anywhere, by anyone

e Just the Hub: No workflow -

~intermediates

«.No Analytics:.Cannot run
analysis tools or workflows

Workflows

CyVerse user name

CyVerse user password

& CYVERSE




G-OnRamp: Getting Started

-~ Virtual Machine for. Local IR
. Deployment: = -+ .

. . 'Detailed instructions at http://g-onramp.org:
d Get started with G-Onap o :

|



G-OnRamp: Getting Started
http://galaxyl.cloudve.org

Create user from Login or Register menu:
« ~ Shared Data -> Histories'-> "ApoIIo Demo’
AND/OR ,
. Shared Data -> Data'Libraries -> Import "Intro to G- OnRamp
. " Shared Data -> Workflows -> Workflow of ch0|ce

=_ Galaxy Analyze Data Workflow Visualize v || Shared Data~ Hefp ~ I Login or Registerj ass Using 0 bytes

Histor
Data Libraries s

Histories

Get Data \ 4 Workflows Unnamed history
Collection Operations
Lift-Over

Visualizations (empty)

Pages
Text Manipulation 9 0 This history is empty. You can
load your own data or get data

Convert Formats
from an external source

Filter and Sort

Join, Subtract and Group G-OnRampKickStart launched Galaxy release_18.05
Fetch Alignments/Sequences
Operate on Genomic Intervals
Statistics

Graph/Display Data
Phenotype Association Configuring Galaxy » Installing Tools »
G-OnRamp Tools

G-OnRamp Home » Learn G-OnRamp »

View G-OnRamp Workshop Assembly Hubs »

Workflows

= All workflows




G- O_n RCI_m P. Production De'plloymen’rs_'
~f CloudLaunch

| | ' : Iaunch usegalaxv org ; ,

.Amazon AMI for EC2 L R e Tl Ansible for:Fléxible
2 Deployment e S s e R e Deployment s

Detculed msiruchons qt hﬂp //g onramp org
H Get started W|th G- OnRap




oudLaunch: Deploy G-OnRamp Easily

Appliance Catalog

An online depot to discover and launch pre-configured software for a variety of clouds.

Q Search for an appliance

Genomics Virual Lab (GV)

A versatile genomics workbench with Galaxy, RStudio and Jupyter. ) ) )
USE THIS FOR LATEST GALAXY. G-OnRamp is an integrated, web-based, and scalable environment that enables

biologists to utilize large genomic datasets for the interactive annotation of any
eukaryotic genome. It also serves as a platform to introduce undergraduates to "big
data,” to train them in one type of analysis (genome annotation) that is based on using
Ga|axy CloudMan large datasets. G-OnRamp is a collaboration between the Galaxy Project
Pre-configured Galaxy instance on a scalable cluster-in-the-cloud. (https://galaxyproject.org/) and the Genomics Education Partnership
DEPRECATED - USE THE GVL INSTEAD. (https://gep.wustl.edu/). For more information, documentation, and tutorials, visit
http://g-onramp.org.

G-OnRamp Maintainer: G-OnRamp team
Support URL: http://g-onramp.org

An integrated, web-based environment for the interactive annotation of
Added: Dec 7, 2018

any eukaryotic genome.




CloudLaunch: Login

Login

Please Sign In

Before you can launch any appliances via this server, you need to log in. Logging in will allow you to
launch and monitor appliances you have launched in the past as well as store your credentials for
convenience.

Login via one of the sites listed below:

f Login with Facebook ) Login with Github G Login with Google y Login with Twitter




CloudLaunch: Login

Fill out the form below to launch the selected appliance. ®

o Select Target Cloud

Which version of this appliance would you like to launch?

1.0

On which cloud would you like to launch your appliance?

Amazon US East 1 - N. Virginia

For detailed instructions on how to obtain credentials for this cloud, click here.

O ®

Select saved credentials

gxyoutreach




CloudLaunch: Configure Instance

Launching G-OnRamp appliance

Fill out the form below to launch the selected appliance. ®

o Select Target Cloud e Select Appliance Settings

Provide a name for your deployment

g-onramp-deployment

A deployment name helps you identify your appliance. The name must be at most 63 characters long and can consist of lowercase letters, numbers, and dashes.

What type of virtual hardware would you like to use?

c5.4xlarge @} 16 VCPUs ﬁ 32.0 GB RAM = 0 GB Disk




CloudLaunch: Ready, Set, Annotate
My Appliances

This page is a list of active appliances you have launched. ®

Name Created Status Access address Actions

g-onramp-deployment afew

seconds ago
Appliance: G-OnRamp Version: 1.0 g

Cloud: amazon-us-east-n-virginia
Credentials: gxyoutreach

g-onramp-deployment 5 minutes http://34.197.88.248/ A

Appliance: G-OnRamp Version: 1.0 ago

Cloud: amazon-us-east-n-virginia
Credentials: gxyoutreach




G-OnRamp: Components in Concert

= Galaxy
PROJECT
slurmyz

e ;;:@;gfse / ,pollo

£ >

o WSGI —




G-On RAMp: Progress and Results

Read the Pre-publication Manuscript

G-OnRamp: A Galaxy-based platform for creating.genome
browsers for collaborative genome annotation

' http://g-onramp.org/2018-preprint

POy, Cold o ° HOME | ABOUT | SUBMIT | ALERTS/RSS | CHANNELS
iz bioRyiv
Q "’ Laboratory
Search
THE PREPRINT SERVER FOR BIOLOGY Advanced Search
\dvanced searcn
New Results Comment on this paper e Previous Next e
G-OnRamp: A Galaxy-based platform for creating genome browsers for Posted December 18, 2018.

collaborative genome annotation
Download PDF

Yating Liu, Luke Sargent, Wilson Leung, Sarah C.R. Elgin, (2 Jeremy Goecks
doi: https://doi.org/10.1101/499558

This article is a preprint and has not been peer-reviewed [what does this mean?]
G+
Abstract Info/History Metrics (3 Preview PDF
Subject Area
Abstract

Summary: G-OnRamp provides a user-friendly, web-based platform for collaborative, end-to-

end annotation of eukaryotic genomes using UCSC Assembly Hubs and JBrowse/Apollo Subject Areas
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G- O n RCI mp. Ques’rions, More Information

Queshons’?

More Informa’rlon

- httpi//g-onramp.org
Documen’ro’rlon genera’red genome browsers VM downlocds more

. Preprlnt Manuscrlpt |
- h’r’rpjjg onramp. orq/2018 preprint -

Live G- OnRamp Demo
h’r’rD //qoloxvl cloudve orq

| AnS|bIe Glihub Repo -
h’r’ros //[Qithub: com/qoeckslob/qonromolqcks’ror’r -



http://g-onramp.org/
http://galaxy1.cloudve.org/

