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From Genomes to Systems

Literature and ontologies

W lllumm........._._‘
“M’ JA Protein sequence
Pry V797 27/ j]ﬂy///ﬂ’

o Protein structure

DNA & RNA sequence

Gene expression

Protein families,
motifs and domains

Protein interactions

: Bioinformatics Resource

EMBL i

Australia




Big Data: Acquisition, Storage,
Distribution, and Analysis

In situ data reduction

Real-time processing

Data Phase Astronomy
Acquisition 25 zetta-bytes/year
Storage 1 EBfyear
Analysis

Massive volumes
Distribution

Dedicated lines from antennae
to server (600 TB/s)

Twitter
0.5-15 billion
tweets/year
1-17 PBlyear

Topic and
sentiment mining

Metadata analysis

Small units of
distribution

YouTube
500-900 million hours/year

1-2 EB/year
Limited requirements

Major component of modern user’s
bandwidth (10 MB/s)

W Recorded growth
B Double every 7 months (Historical growth rate)
@ Double every 12 months (lllumina Estimate)

W Double every 18 months (Moore's Law)
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Genomics

1 zetta-bases/year

2-40 EB/year
Heterogeneous data and analysis

Variant calling, ~2 trillion central
processing unit (CPU) hours

All-pairs genome alignments,
trillion CPU hours

Many small (10 MB/s) and fewer massive
(10 TB/s) data movement

~10,000

tera- 1012
peta-

exa-
zetta- 1021

Stephens ZD, Lee SY, Faghri F, Campbell RH, Zhai C et al., PLOS Biology (2015)



What is Next Gen Sequencing?

Next Generation Sequencing:

 high-throughput sequencing

« massive parallel short (and now long) read sequencing

« deep sequencing

« Sequence gathered by rounds* of extension or degradation on single*
molecules, not specific base termination leading to size fractionated pools of
DNA fragments

In reality NGS really just refers to the scale of sequencing. For Example:

ABI Sequencers, Venter Institute — 2007  [llumina Hieq 2000 and Xs, San‘ger.co.uk
1 Human Genome in total (years!) ~24 Human Genomes a day at 30x



Overview of NGS data flow

Library preparation preparation of samples in the lab Wet Lab
o
Sequencing library run in sequencer either at sequencing facility or in-house
o
Raw reads sequencer generates output "reads"
—_—
Qc quality checks of the reads Dry Lab
e
Trimming trimming reads if required
=
Examine/Filter noise Removal of foreign DNA materials
) =
\ Assembly / Map Construction of genomes using sequencing reads or count transcript5/
- —
[ Identification of ... Branches out to research analysis Research SpECifi C]




Tools — Academic and Clinical
Freeware

— Genome Analysis Toolkit (GATK) m
— Virtual Labs / Machines m
* Galaxy

* R Studio (Bioconductor)

 Command Line 1389 Studio
Commercial |
— Agilent Agilent
» Cartagenia Bench Lab for Molecular Pathology S
— Illumina
* BaseSpace | | LiMmli na
— Qiagen

* CLC-Bio Suite of Analysis Products
* Ingenuity Pathway Analysis

. . . o000 0
* Ingenuity Variant Analysis QIAGEN
« ANNOVAR
— ThermoFisher iontorrent
* |on Reporter Sequencing for all”

— Google Genomics
— Microsoft Genomics
— Oracle Healthcare Precision Medicine

http://erouthbio.com/Genome Software Service.php



http://grouthbio.com/Genome_Software_Service.php

Tools

FILE AND META TOOLS
Get Data

Send Data

Convert Formats

Collection Operations

GENERAL TEXT TOOLS
Text Manipulation

Filter and Sort

Join, Subtract and Group

COMMON GENOMICS TOOLS

Operate on Genol

Extract Features

Fetch Sequences

Eatch Alignments
QC and manipulation
EASTA manipulation

Picard

SAM Tools

VCF/BCF Tools
BED tools
DeepTools
EMBOSS

Blast +

GENOMICS ANALYSIS
Assembly

Annotation

Peak Calling
Phylogenetics
Bacterial Typing
METAGENOMICS
Metagenomic analyses
STATISTICS AND
VISUALTISATION
Statistics
Graph/Display Data

Intervals

What is Galaxy

Welcome to Galaxy Australia

Galaxy is a web-based platform for data intensive biological research.

Users without programming experience can specify parameters and run tools and workflows. Galaxy also automatically captures information so that any user can repeat and understand a

complete computational analysis.

This service is free to use for any Australian researcher. On-line training material is available to help get you started.

This public Galaxy Service is provided to you by:

THE UNIVERSITY
OUE

EENSLAND

. : ®
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And supported by:

BIOPLATFORMS EMBL ;

nectal
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iao NCRIS

Galaxy Australia is an implementation of the Genomics Virtual Laboratory {GWL).

If you use Galaxy Australia in your research, please cite the GVL paper:

Afgan E, Sloggett C, Goonasekera N, Makunin I, Benson D, Crowe M, Gladman 5, Kowsar Y, Pheasant M, Horst R, Lonie A. Genomics Virtual Laboratory: & Practical Bioinformatics

Workbench for the Cloud. PLoS One. 2015 Oct 26;10(10):e0140829.

= Gala

History
search datasets

Variant Tutorial
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Australia

Interactive Window

Galaxy / Australia ‘

1) vou are now connacted to the new usegala:

Tools k4 ’ \ History Es 3 - )
. cals [

search datas:
R e e e e T b e e e e P N S Q

FILE AND META TOOLS snippy (Galaxy Version 0.2.0) #ZINFO=<ID=MEANALT,Number=A, Type=Float, Description="Mean number of unigue non-reference allele Variant Tutorial

16

z:t:;uh Reference type ##INFO=<ID=LEN,Number=A, Type=Integer,Description="allele length"> S ~ %/
=enctaia #£INFO=<ID=MQM,Number=A,Type=Float,Description="Mean mapping quality of observed alternate allel .
Convert Formats Genbank  data 1

16: JBrowse ondatal @ & x

#2INFO=<ID=MQMR,Number=1,Type=Float, Description="Mean mapping quality of observed reference all

Collection Operstions File type of the reference file. (Fasta or Genbank) = - . LAt e
GENERAL TEXT TOOLS Ref Genbank ##INFO=<ID=PAIRED,Number=A,Type=Float,Description="Proportion of observed alternate alleles which Complete
eference Genban
Text Manipulation #2INFO=<ID=PAIREDR,Number=1,Type="Float, Description="Proportion of observed reference alleles whic! 15: https://zencdo.or @ & %
- M ©wi e m _ _ _ - T — . " / / Ii
Eilter and Sort L a6 3: wildtype.gbk ##INFO=<ID=MIN,Number=1,Type=Integer,Description="Minimum depth in gVCF output block."> 9/record/582600/file

s/wildtype.gff>download=1

Join, Subtract and Group Genbank file to use as the reference #2INFO=<ID=END,Number=1,Type=Integer,Description="Last position (inclusive} in g¥CF output record.’ 14: wildtype.fna =P
COMMON CENORICS TOOLS Single or Paired-end reads ##FORMAT=<ID=GT,Number=1,Type=String, Description="Genotype"> :
f::::;i::mi: Intervals paired ##FORMAT=<ID=GQ,Number=1,Type=Float, Description="Genotype Quality, the Phred-scaled marginal (o ﬁ“ﬂ‘ﬂsﬁzi‘f &|2 %
Eetch Sequences Select between paired and single end data ##FORMAT=<ID=GL,Number=G,Type=Float, Description="Genotype Likelihood, log10-scaled likelihoods off i

nippy ondata 2, d @ & %

Fetch Alignments Select first set of reads ##FORMAT=<ID=DP,Number=1,Type=Integer,Description="Read Depth"=

m P " - " ata 1, and data 3 map
£ZFORMAT=<ID=RO,Number=1,Type=Integer, Description="Reference allele observation count"> 2 e T

QC and manipul -
- =] 14: wildtype.fna ped reads (bam)_

EASTA ma s PN : P
. . #ZFORMAT=<ID=QR,Number=1,Type=Integer,Description="Sum of quality of the reference observations _
Picard Specify dataset with forward reads ! — = . N 1i:snippyendata2, d @ & x
£ZFORMAT=<ID=A0 Number=A, Type=Integer, Description="Alternate allele observation count”> ata 1, and data 3 map
SAMTools Select second set of reads o . ) — ping depth
VCE/BCF Tools ##FORMAT=<ID=0QA ,Number=4,Type=Integer,Description="Sum of guality of the alternate observations -
fEEacs b alo 14: wildtype.fna #2#FORMAT=<ID=MIN,Number=1,Type=Integer, Description="Minimum depth in g¥CF output block."> %ﬁ"fﬂﬁf o elx
Dok Specify dataset with reverse reads #filter=/mnt/galaxy/tools/snippy/3.0/simon-gladman/package_snippy_3_0/c8d7d35f0781/bin/snippy-vcf] ensus fasta
EMBOSS .
en Cleanup the non-snp output files ##5npEffversion="4.1l (build 2015-10-03}, by Pablo Cingolani” 9: snippy on data 2, da | @ | #| %
Blast + . . ) . ta 1, and data 3 aligne
Yes No #£SnpEffCmd="SnpEff -no-downstream -no-upstream -no-intergenic -no-utr -noStats ref snps.filt.vef dﬁ;a =lans

GENOMICS ANALYSIS

e Remove all non-SNP files: BAMs, indices etc #2INFO=<ID=ANN,Number=. Type=String,Description="Functional annotations: "Allele | Annotation | Ann T e | x
Mapping Advanced parameters #2INFO=<ID=LOF,Number=.,Type==5tring, Description="Predicted loss of function effects for this variant. ta 1, and dats 3 log fil
e
Variant Calling . . #2INFO=<ID=NMD,Number=. Type=5String,Description="Predicted nonsense mediated decay effects for th =
p— Hide advanced settings T mipovonidetn s dal @] #] X
ools 1. " y 7:snippyondata 2, da @
CATK Tools unhide advanced parameter settings #CHROM POS ID  REF AT QUAL  FILTER  INFO tal, and data 3snps s
ey wildtype 24388 A G 709.652 PASS  AB=0:ABP=0:AC=1;AF=1;AN=1:A0=22; ummary_
Anmofation Wildtype 29479 T G 701.607 PASS  AB=0;ABP=0;AC=1:AF=1;AN=1;A0=21] 5:smicerondsta2.ds |®| /| %
B a sn
Peak Calling Wildtype 47209 . T A 807.757 PASS  AB=0:ABP=0:AC=1;AF=1;AN=1;A0=24; =t
Phylogenetics i —0:ABP=0:AC=1:AF=1:AN=1:A0=161
——— Synopsis: Wildtype 102969 G C 547.877  PASS AB=0;ABP=0;AC=1;AF=1;AN=1;A0=16] 5: snippyon data 2, da | ®|#| X
snippy 3.0 - fast bacterial variant calling from NGS reads wildtype 103048 T A 534.01 PASS AB=0;ABP=0;AC=1;AF=1;AN=1;A0=20; o and data 3 snps g
HIETAGENGHIES hor: Wildtype 103379 . GAA GA  338.928 PASS  AB=0;ABP=0;AC=1;AF=1:AN=1;AD=11; =
Metagenomic analyses Author: - 4:snippyondatad, da @ & x
Torsten Seemann <torsten.seemann@gmail.com Wildtype 106602 . T G 687.136  PASS AB=0;ABP=0;AC=1;AF=1;AN=1;A0=21; ta1, and dats 3 snps v
STATISTICS AND ) _a- O ACT BAF=1 AN AD=1EH Ffil
VISUALISATION Usage: Wildtype 109333 . T A 525.276  PASS AB=0;ABP=0;AC=1;AF=1;AN=1;A0=16] cifile
Statistics snippy [options] --outdir <dir> --ref <ref> --pel <R1.fq.gz> --pe2 <R2.fq.gz> Wildtype 114540 . ATT AT 776.153 PASS AB=0;ABP=0;AC=1;AF=1;AN=1;A0=25;] 3: wildtype.gbk ® | F %
Graph/Display Data Wildtype 129381 . GT AR 575.633 PASS AB=0;ABP=0;AC=1;AF=1;AN=1;A0=18 2: mutant R2.fastq @[ %
Workflows snippy [options] --outdir <dir» --ref <ref> --se <454 fastq> wildtype 138877 . G € 458.738 PASS  AB=0;ABP=0;AC=1;AF=1;AN=1;A0=14]
R ) . . 1: mutant Rifasty @ & x
All wiorkflows snippy [options] —-outdir <dir> ——ref <ref> —peil <velvet.fa.gz> Wildtype 138920 . A G 341.003 PASS  AB=0;ABP=0;AC=1;AF=1;AN=1;A0=10;
Wildtype 160547 . GTC GC 566.591  PASS AB=0;ABP=0;AC=1;AF=1;AN=1;A0=18;
< Options: Wildtype 160552 . CTA CA 588.925 PASS AB=0;ABP=0;AC=1;AF=1;AN=1;A0=20; >
This help Wildtype 190866 . GIT GT 564735 PASS  AB=0;ABP=0;AC=1;AF=1;AN=1;A0=18]

Print version and exit

Print citation for referencing snippy




(ymutant_R1.fastg F) x

output

[ mutant_R2.fastg ) %

output

[ Reference.gbk

output

[ Reference.fna

output

[ Reference.gff
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Workflow Screenshot

A Galaxy workflow is a series of tools and dataset actions
that run in sequence as a batch operation

A SPAdes

Libraries 1 > Files 1 > Forward
reads

Librarizs 1 = Files 1 > Raverzs
reads

FacBio CLR reads
Manopora reads
Sanger reads
Trusted contigs

Untrusted contigs

) =

out_contig_stats (tabular)
out_scaffold_stats (tabular)
out_contigs (fasta)
out_scaffolds (fasta)
out_log (B<t)

contig_graph (b<t)
scaffold_graph (txt)

Assembly

Noodle

& Prokks i x
Contigs to annotates

Optional FASTA file of trusted
proteins to first annotate from (--
proteins)

out_gff (gff)
out_ghbk (Ext)
out_frma (fasta)
out_faa (fastz)
out_ffn (fasta)
out_sqn (asni)
out_fsa (fasta)
out_thl {txt)
out_tsv (tabular)
out_err (bxt)
out_txk (bek)

out_log (t=xt)

Annotation

F JBrowse =
Szlect the refereance genome

Track Group 1 > Annotation Track 1
> (GFF/GFF3/BED Track Data

output (html)

Annotation
Visualisation

# snippy 2] x # ABRicate 7 %

Feference Genbank Input file (Fasta, Genbank or EMBL

fil2)

Select first set of reads

Select second s=t of repart (tabular)

Ab Res Gene

snpwct {vcf)
snpgff (gff3) £ MLS P x
snptab (tabular) input_file

report (tabular)

MLST

snpsum (tabular)
snplog (k=)

snpalign (fasta)
snpconsensus (fasta)
snpsdepth (tabular)
snpsbam (bam)

cutdir (zip)

Variants

# IBrowse =]
Selact the reference genoms

Track Group 1 > Annotation Track 1
= BAM Track Data

Track Group 2 > Annotation Track 1
= GFF/GFF2/BED Track Data

Tool box

Track Group 3 > Annotation Track 1
= GFF/GFF3Z/BED Track Data

cutput (html)

Variant Visualisation



= Galaxy

Galaxy Australia ~ aESEElE

e Galaxy Australia has recently been upgraded to:
o incorporate new features
o extended compute and quotas — linked to HPC resources
o more training resources
e Establish a national network of Galaxy Trainers (via
EMBL-ABR Nodes and others)
e Undertaking 4 virtual/physical national training Galaxy
events
e Rationalise Australian developed Training Material:
https://galaxy-au-training.github.io/tutorials/
o Over 600 tools and tool versions (for legacy analyses)
o Over 200 reference genomes, indexed for rapid analyses



https://galaxy-au-training.github.io/tutorials/

Users per domain

Galaxy Australia - Usage

An active and engaged user community User growth 2016 - 2018

2268 -

registered users.
500

608 active users (last 90 days)

Registered users in Australia from:

@30 327 9

Australian Medical Research Other Research
Universities Institutes or Organisations Organisations
@ =duau Users represented Users represented
& govau dCross across
@ -orgau

= 338 50

internaticnal

organisations countries




Galaxy Australia — project activity

* Adding more tools and references

— User request form for both types, with
justification

— Route to support sanction and novel tools

* Adding distributed and “bespoke” compute
— Pulsar servers at University of Melb. / NCI
— High memory at UQ

* Adding responsiveness feedback to the user
— Number of running jobs
— Average job run time



Galaxy Australia - Architecture

\

)
Pulsar/Slurm queue)

Special toolsfjobs |

\

Head Node -
m1.large?

/

|

Worker Node
m1.xxlarge?

Worker Node
m1.xxlarge?

Worker Node
m1.xxlarge?

L b

<

&

Head Node - m1.xxlarge

2 x web handlers (x6 threads)
2 job mules - 1 farm

Some cloudman changes

6 vepu | 64gb ram | 500gb /mnt

.

\
l
|
1
1
\
|
|
I
|
1
1

elbourne / Ny :

\

Worker Node - m1.xxlarge

j NN N I

Worker Node - m1.xxlarge

\ DB Server - m1.large
PostgreSQL .
/ 100GB Volume Brisbane
\ 4 vpcu | 16gb ram
Docker Swarm
Slurm queue: main

Worker Node - m1.xxlarge Q

/ CEPH

3 filesystem
Worker Node - m1.xxlarge &

) CVMFS Refs

Workers are minimal GVL image,
version controlled, updated, with
telegraf.

Can be swapped into cluster by
draining and re-deploying.



UseGalaxy.*
Harmonising the look and feel with Other Global
Galaxy Services

e Run the latest stable r )

Galaxy release = Galaxy \
(

e Present the user with

similar tool list layout

= Galaxy

o Alignment of Galaxy Australia

Training Network’s core

.
tutorials, including the r < /
same training datasets = Galaxy/ Europe

available

. S




usegalaxy.* - Proposed Global Architecture
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Galaxy Australia — future activity

 What will Galaxy Australia be in a few years

— Grow in scope (tools and compute) to support long
read and hybrid analysis

* Pacbio RSIl and Sequel
* ONT MinlON and PromethION

— Grow in Pulsar machines to support generic and
bespoke analyses

— Increased alignment with usegalaxy.*
* Financial packages and cost/benefit

— Galaxy Australia users sourcing ONLY commercial
software is 10x greater cost than using our service



Stay in Touch

« Galaxy Australia: Twitter
https://twitter.com/galaxyaustralia

« Galaxy Australia Community
https://www.embl-abr.org.au/galaxyaustralia

« And of course a final reminder:

O Galaxy Australia https://usegalaxy.org.au



https://twitter.com/galaxyaustralia
https://www.embl-abr.org.au/galaxyaustralia/
https://usegalaxy.org.au/

Galaxy Australia Team Members

Gareth Price (PM) - QFAB

Simon Gladman - Melb Bionf
Derek Benson - UQ-RCC

Anna Syme - Melb Bioinf

lgor Makunin - UQ-RCC

Nuwan Goonasekera - Melb Bionf
Christina Hall - Melb Bionf

Helen van der Pol - Melb Bioinf
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