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« The environment is teeming with microorganisms

A community of bacteria
growing on a single grain of
sand collected from intertidal
sediment on a beach near
Boston, USA

Image courtesy of the Lewis Lab at Northeastern
University. Image created by Anthony D'Onofrio, William H.
Fowle, Eric J. Stewart and Kim Lewis. Source:
https://www.flickr.com/photos/adonofrio/4482210139/in/gall
ery-137201199@N07-72157661521584722/
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« The metagenomics approach

./N U/'\.) 33?‘13;@ SD%E

cenex/
OtTvs



Corresponding biological taxa
Data fo rmat: (Kingdom > Phylum > Class > Order > Family > Genus > Species)
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« Extending and linking existing data infrastructures:

Data Storage Data Analysis
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* Development Team: CCG, QCIF/Melb Bionf, Andrew Bissett CSIRO, ALA (obs)
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* Timeline: Feb 2018 — Dec 2018 (10 months)
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* Researcher’s Requirements
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 Gathered at BPA coordinated
Marine Microbes Meeting
March 2018
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* Functionality to analyse OTU data
across sites/populations:

*  Ordination

*  Clustering

* Rarefaction

«  Search by Sequence Similarity

+ Plots (Box, Bar, Venn etc)

*  Maps (bubbleplots, heatmaps)

*  Browsing Taxonomic abundance data
« BYO OTU data

#13 - As a researcher | want
visualisation of pie-graphs on
geographical maps so that | can see
diversity at different sites

® ©1 @2 MT

#33 - as a researcher, | require heat
map clustering

© P2 @1

£
|

-U._.:.+I

EE

¥ of detected OW

g

P_us e

Sharmen Wheews

: -E.—'-.f—.j._-?

iiz
i
O o
#19 - as a researcher | require Box
Plots so | can look at variability in
between sites

]

@ Q2 @1

o=
Wrap the 6 Rhea scripts for use in

Galaxy

+ Add another card

Sprint Backlog

Taxzozmee bncing ot Pyl ovel

rviahe lotve Mo N

#17 - Researcher | require data to be
displayed as bar graphs that show
relative abundance of taxa (based
on OTU data) at different sites/times.

® 5 @2 MT

#84 - As a researcher | require Krona
Plots of total diversity as krona plots
allow a hierarchical interactive
exploration of the taxonomy-
abundance data

#32 - as a researcher, | would like
Circos-style plots with a phylogeny
tree in middle with features or
abundance etc as concentric circles
on outside

® ©O2 @1

#2R RN . Ac a racaarrhar | noad tn

+ Add another card

Current Sprint

#54 - as a researcher, pretty
geographical distribution plots of
organism data (e.g. contour plots on
amap)

® ©O1 @1

#28 - as a researcher, | want
{complex) Venn diagrams to illustrate
groupings

Distance Threshold Network - D3

S -
Shiny-phyloseq as an Interactive
Environment

#85 - As the operator of the BPA
Data Portal service | require
subsampling OTU tables to constant
number of sequences so that all
samples have equal sampling effort -
“rarefying"”

oo @QEEE

o c—
Launch Phinch visual BIOM format

+ Add another card

In progress

]
#30 - as a researcher, | want a
phylogenic tree viewer

© ©1 @1

e

]

#16, 27, 47, 52 - As a researcher |
want to perform ordination of data
using NMDS and plot this on a
graph

GP JC MT

#51 - As a researcher | require
ordination of data through Principal
Component Analysis (PCA) and
presentation of this on a graph

@ ©1 @1 Jc MT
Modify titie and text on the
Phyloseq_NMDS tool wrapper

-ame o

Draft a publication about the Galaxy-
Australia service, so it can be used
for citation of the service

+ Add another card
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* Prioritised by Andrew Bissett

#13 - As a researcher | want
visualisation of pie-graphs on
geographical maps so that | can see

diversity at different sites
® 91 @2 MT
E 2

i b T A U,
#33 - as a researcher, | require heat
map clustering

@ P2 @1

S
i "HmcalE”
3

s

-E-;I“;.*-H

HEIPEr

Sharvm Wrerws

#19 - as a researcher | require Box
Plots so | can look at variability in
between sites

® 92 @1

o=
Wrap the 6 Rhea scripts for use in
Galaxy

® P2 MT

+ Add another card

#17 - Researcher | require data to be
displayed as bar graphs that show
relative abundance of taxa (based
on OTU data) at different sites/times.

® ©O5 @2 MT

T aE—

#84 - As a researcher | require Krona
Plots of total diversity as krona plots
allow a hierarchical interactive
exploration of the taxonomy-
abundance data

® 92 @1

\‘\-“-" Wy

S o

#32 - as a researcher, | would like
Circos-style plots with a phylogeny
tree in middle with features or
abundance etc as concentric circles
on outside

e P2 €1

#2R RN . Ac a racaarrhar | noad tn

+ Add another card

L oo

#54 - as a researcher, pretty
geographical distribution plots of
organism data (e.g. contour plots on
amap)

® ©O1 @1

#28 - as a researcher, | want
{complex) Venn diagrams to illustrate
groupings

@ 1

Distance Threshold Network - D3

Shiny-phyloseq as an Interactive

Environment
X ]

#85 - As the operator of the BPA
Data Portal service | require
subsampling OTU tables to constant
number of sequences so that all
samples have equal sampling effort -

"rarefying"
5 2 . Jc KN *

o c—
Launch Phinch visual BIOM format

@ ©O1 @1

@ P2

+ Add another card

In progress
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#30 - as a researcher, | want a
phylogenic tree viewer

® 91 @1

I
|
I

VT
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#16, 27, 47, 52 - As a researcher |
want to perform ordination of data
using NMDS and plot this on a
graph

® 14 P4 GP JC MT

#51 - As a researcher | require
ordination of data through Principal
Component Analysis (PCA) and
presentation of this on a graph

® ©O1 @1 Jc MT

Modify titie and text on the
Phyloseq_NMDS tool wrapper

® = o4 @2 MT

Draft a publication about the Galaxy-
Australia service, so it can be used
for citation of the service

+ Add another card




Workflow:

Non consortium members

Interactive plots/graphs

Presentation of input data and tools/versions used to user

Download of code for re-use

A A A

MM/BASE
Consortium
members
. TN _—
b - i g s
& o2 Prolectactsns §
) b o e ’\_,"’.‘rcf' /"';é/f & 4 05 A
B - 4 AR C Sampes pid NMDS - axis 1 !
A A A
Plot on Kronos graph Plot on graph Plot on graph
Invoke : - A
; Calculation of taxonomic diversity
Galaxy Aus"i"; . Calculation of
relative OTU
Send BIOM file abundance at
: each site
_..
NMDS ordination
BYO and upload OTU

abundance tables
or BIOM format data




What have we developed so far?



What have we developed so far?

NOTE: ALL DEMOS ARE DONE ON STAGING SERVERS
(BPA DATA PORTAL AND GALAXY AUSTRALIA)

FUNCTIONALITY WILL BE RELEASED TO PRODUCTION
SERVERS ONLY AFTER THOROUGH QUALITY ASSURANCE,
THROUGHOUT Q4 2018




bpa-staging.ccgapps.com.au

BIOPLATFORMS

AUSTRALIA Australian Microbiome Home Search Map Contex 4 ieff.christiansen@qcif.edu.au

DATA PORTAL

Filter by Amplicon §) and Taxonomy (i) @ Contextual Filters
Amplicon is v - v Environment §) is = - S
LS
Taxonomy Contextual Filters
Kingdom is ; -—- v
Phylum is : --- B Clear
Class is v --- H
Order is ; - H
Family is 5 - B
Genus is H --- v
Species is v - =
Clear

£ Submit to Galaxy ' ‘ 3] Export Search Results (CSV) ‘ (] Export Search Results (BIOM)

A Show results on Map




Account made for BPA Data Portal users
on Galaxy Australia

Data sent via Galaxy API

Currently this takes a little while

~3mins later..



@ @ < [ bpa-staging.ccgapps.com.au " (4] | [

T T LT v ¥

Species is : --- ;
Clear
Q, Search
A Show results on Map S |i| Export Search Results (CSV) ‘ ‘ |i| Export Search Results (BIOM)
Submission to Galaxy in Progress ...
If you are new to Galaxy Australia, please see this Getting started guide
BPA Sample ID BPA Project

7035 Soil
7038 Soil
7049 Soil
7050 Soil
7051 Soil
7052 Soil
7061 Soil
7062 Soil
7067 Soil
7068 Soil

of 31 10 rowes 2 a=a

iy

Pace 1



Currently this also takes a little while
~4dmins later..
Plenty of options for 1ncreasing speed

e.g. farming out jobs from specific tools
to various backends (cloud, HPC etc)



o0 @ < Gl

= Galaxy / Australia

galaxy-aust-dev.genome.edu.au
Bioplatforms OTU Search Facility Galaxy | Australia

Analyze Data Workflow Visualize~ Shared Data~ Help~ User~

QB This is the galaxy.au staging server. Please email di@ug.edu.au if the are problems with the service.

Tools .!;

phyloseg

Metagenomic analyses

Phyloseq Biom Filtering biom file
filter

Phyloseq Ordination Plot
ordination plotting

FROGSSTAT Phyloseq Multivariate
Analysis Of Variance

FROGSSTAT Phyloseq Sample
Clustering of samples using
different linkage methods

FROGSSTAT Phyloseq Import Data
from 3 files: biomfile, samplefile,
treefile

FROGSSTAT Phyloseq Compaosition
Visualisation with bar plot and
composition plot

FROGSSTAT Phyloseq Alpha
Diversity with richness plot

FROGSSTAT Phyloseq Beta
Diversity distance matrix

FROGSSTAT Phyloseq Structure
Visualisation with heatmap plot
and ordination plot

Workflows

= All workflows

0 1 job has been successfully added to the queue - resulting in the following datasets:

2: Phyloseq Ordination Plot - PCoA (Principal Coordinate Analysis)_bray (Bray-Curtis distance).html

You can check the status of gueued jobs and view the resulting data by refreshing the History pane. When the job has been run

the status will change from 'running’ to ‘finished' if completed successfully or "error’ if problems were encountered.

O 0t )
+

History o &[0
(%)

Australian Microbiome:
amplicon is '27f519r_bacteria';
phylum is 'Bacteroidetes’;
environment is 'Soil’;
Vegetation Type is 'Grassland’;
Vegetation Type is 'Forest’

2 shown

20.87 MB & % »

% 2: Phyloseq Ordinati
on Plot = PCoA (Principal
Coordinate Analysis) bray (Bray=-Cur

tis distance).html

LI b

1: AustralianMicrobiome
=2018-10-09T081822.b
iom.zip

@ | F K




Ordination Plots

Utilises..
« R script from the Phyloseq package...

OPEN G ACCESS Freely available online @ PLOS |one

phyloseq: An R Package for Reproducible Interactive
Analysis and Graphics of Microbiome Census Data

Paul J. McMurdie, Susan Holmes*

Department of Statistics, Stanford University, Stanford, California, United States of America

Abstract

Background: The analysis of microbial communities through DNA sequencing brings many challenges: the integration of
different types of data with methods from ecology, genetics, phylogenetics, multivariate statistics, visualization and testing.
With the increased breadth of experimental designs now being pursued, project-specific statistical analyses are often
needed, and these analyses are often difficult (or impossible) for peer researchers to independently reproduce. The vast
majority of the requisite tools for performing these analyses reproducibly are already implemented in R and its extensions
(packages), but with limited support for high throughput microbiome census data.

Results: Here we describe a software project, phyloseq, dedicated to the object-oriented representation and analysis of
microbiome census data in R. It supports importing data from a variety of common formats, as well as many analysis
techniques. These include calibration, filtering, subsetting, agglomeration, multi-table comparisons, diversity analysis,
parallelized Fast UniFrac, ordination methods, and production of publication-quality graphics; all in a manner that is easy to
document, share, and modify. We show how to apply functions from other R packages to phyloseg-represented data,
illustrating the availability of a large number of open source analysis techniques. We discuss the use of phyloseq with tools
for reproducible research, a practice common in other fields but still rare in the analysis of highly parallel microbiome census
data. We have made available all of the materials necessary to completely reproduce the analysis and figures included in this
article, an example of best practices for reproducible research.

Conclusions: The phyloseq project for R is a new open-source software package, freely available on the web from both
GitHub and Bioconductor.

Citation: McMurdie PJ, Holmes S (2013} phyloseq: An R Package for Reproducible Interactive Analysis and Graphics of Microbiome Census Data. PLoS ONE 8(4):
e61217. doi:10.1371/journal pone 0061217

Editor: Michael Watson, The Roslin Institute, University of Edinburgh, United Kingdom
Received October 17, 2012; Accepted March 6, 2013; Published April 22, 2013

Copyright: © 2013 McMurdie, Holmes. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
icted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This work was supported by grant NIH-RO1GMOB6884. The funders had no role in study design, data collection and analysis, decision to publish, or
preparation of the manuscript.
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Ordination Plots

Utilises..
* R script from the Phyloseq package ‘wrapped’ for use in the Galaxy GUI

library("phyloseq"); packageversion("phyloseg") Phyloseq Ordination Plot Ordination Plotting (Galaxy Version 1.22.3.2)

Choose an input file type
## (1] '1.22.3°

BIOM File
Input File
data(GlobalPatterns)
library(“"ggplot2"); packageVersion("ggplot2") O @ O 1: BiomExport-2018-07-31T135720.biom.zip

Select variable for ordination
# 1] '2.2.1"
agrochemical_additions

library("plyr"); packageVersion("plyr") Select Ordination method
@ NMDS(Non-metric Multidimensional Scalling)
## (1] '1.8.4° # (O DCA (Detrended Correspondence Analysis)
(O CCA (Constrained Correspondence Analysis)
GP.ord <- ordinate(GFl, "NMDS", "bray") () RDA (Redundancy Analysis)
Eii:tz{:;rf‘?_ordination{(;l?l, GP.ord, type="taxa", color="Phylum", title="taxa") O DPCoA (Double Principle Coordinate Analysis)

(O MDS (Multidimensional Scaling)

p2 = plot_ordination(GPl, GP.ord, type="samples", color="SampleType", shape="human") (O PCoA (Principal Coordinate Analysis)

2 + T 1 1 fill=s leT + int (size=5) + title(" les" "
P geom_polygon(aes( ampleType)) + geom point(size=5) + gg e("samples") Select Distance method

dist = "bray" (@ bray (Bray-Curtis distance)

ord meths = c¢("DCA", "CCA", "RDA", "DPCoA", "NMDS", "MDS", "PCoA") (O gower (Cower's distance)
plist = llply(as.list{ord meths), function(i, physeq, dist){ () jds (Jensen-Shannon Divergence)
ordi = ordinate(physeq, method=i, distance=dist)

. ; . , , (O unifrac (unweighted UniFrac distance)
plot_ordination(physeq, ordi, "samples", color="SampleType")

}, GP1, dist) O wunifrac (weighted-UniFrac distance)
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Other tools to include:

Many are available in the Galaxy Toolshed “App Store”, so trivial to install locally:

e.g. Mothur, QIIME, Krona have been installed

<

galaxy-aust-dev.genome.edu.au

Starred - Google Drive. Galaxy | Australia Krona - all Galaxy Training! Galaxy | Europe + h

Galaxy / Australia Analyze
< galaxy-aust-dev.genome.edu.au

€3 This is the galaxy.au staging server. Please email d@uq.edu.au if the are problems with the service.

0e2® < m galaxy-aust-dev.genome.edu.au % (4] M (sl

Starred - Geogle Drive Galaxy | Australi
2 i m
jico = || Libshuff C Mises tests ies for the same| Galaxy / Australia Bioplatforms OTU Search Facility Galaxy | Australia | Histories
i Q phylip - Distance Matrix €3 This is the galaxy.au staging server. Please email d@@ug.edu.au if the are problems wili M CT- 150 ¢ AW A TS (-1 [ ]

Mothur b @& o No mothur.lower.dist or mothur.square.d

4 = ; : : -
(T R R a7 oA Tools L Filter OTUs from an OTU table bad &3 This is the galaxy.au staging server. Please emall d@uq.edu.au if the are problems with the service.

group - Groups

distance in a otu list ~
qiime [] Input OTU table | Tools L Kr @ nNa < - Search x k__Fungi_unclassified History <&
0D @& o No mothur.groups dataset available. - -
Get.group group names from — Qiime o e o No biom1 datd ) D7 Texsen Total: 8397.20600000002 o
shared or from list and group groups - Groups to condider - AR
|  Runacoresetof OIME The input otu table filepath in biom T4t (+) Fonteize 3
Summary.single Summary of diversity analyses o - FILE AND META TOOLS w 2 @ 8% of imported: Fungi-calcisols_vertisols
, Minimum total observation count \ & & k__Fungi
calculator values for OTUs. — (core_diversity_analyses) Get Data -+ Chan svm\ g & converted BIOM
iters - Number of iterations to try (default 10000) ) . o S B Colapse 2, & 4 & 12 shown, 22 deleted
Summary.seqs Summarize the . Compute beta diversity distance Send Data %, o ~ 8% of
quality of sequences 10000 matrices and generate PCoA (==min_count) e ot Snapshot %%, 8 $ al 27.1 MB o ®
—  plots " SRR o
Make.fastq Convert fasta and sim - Matrix values are Similary instead of Distance tbeta_diversity_through_plots) Fraction of the total observation () ¢,)1ection Operations Link 2 2 e e 7 x
Lo L _ 35 : i
quality to fastq % P
Yes | No 0.0 B L
Make phylogeny GENERAL TEXT TOOLS L3 el
Get.rabund Get rabund from a form - Select a Clustering Method (make_phylogeny) This is a fraction (float), not a perce, Text 55:Regex Find And Repl @ ¢ x
Can(berrer ] — Maximum total count B
4 dentify Integral Eilter OTUs from an OTU table Filter and Sort ace ondata 54
Primer.design identify sequence ~ based on their observation g
e e Output logfile? e s oin, Subtract and Group 54:Pasteondata5land @ & x
i -~ data 53
PERtict OIS Yes  No (filter_otus_from_otu_table) {--max_count) COMMON GENOMICS TOOLS
Minimum number of samples an ”
s T Calculate alpha diversity on Operate on Genomic Intervals 3 S3imeancentermar x
sequences that are part of a each sample in an otu table, 0 e data 52
larger sequence | using avariety of alpha p A bspor, : 2 ) R
sing 2 (~-min_samples) Fetch Sequences ales_sp_r . \ %\ — vk §- 52: Remove beginningo @ 4 x
e Lo se e ELh Mothur Overview sty Maximum number of samples an i ¢ ] V1 Vghommeit ae_sp n data 50
from shared or relabund file (alpha_diversity) 4 Fetch Alignments porales_unciagsified 29 B TnowporRe —
| QC and manipulation g b 51: Cut on data 49
Pairwise.saqs calculate genmu[r is a‘:t)'.nxrehsns‘lve suu: ‘nf tools ‘for mw:[ﬁ‘mauw e_m\og[y: T P nipulat § I oWt
uncorrected pairwise distances partment of Microbiology and Immunology at The UnIVErsity ¢ plots to be visualized (~-max_samples) FASYA manipulation e o ; 50° cut francals on Coly
ben Emperor (make_emperor) Picard olia_urticicold > . : g i 50: cut francais on C¢ ® 4%
eDWeen sequences Command Documentation Do you want to exclude a predefif Ficard Jaym S [ 2"\ mn arrange on data 48
e y— Count the sequences in a fasta o SAM Tools = S o .
mothur taxonomy file to Krona The libshuff method is a generic test that describes whether o, file (count_seqs) VCE/BCE Tools - A = us""’““’"ous ol ran @ 4%
input format significance of the test statistic indicates the probability that the. 5 ata48
; pping
Getsabund Get sabund from a file for required data, valid DeepTools 48: cut francaisonRem @ ¢ x
TG G - - format (validate_mapping_file) he ove beginning on data 4
Citations (# Show BibTex What it does e s
T i e (D _ Splitfasta lbraries to performs S
tests communities.for the same Schloss, P. D. and Westcott, 5. L. and Ryabin, T. and Hall, J. R.¢  demultiplexing of Fastq The Qiime script filter otus from oty 47: Remove beginningo @ & x
structure and Robinson, C. J. and et al. (2009). Introducing mothur: Ope|  Sequence data GENOMICS ANALYSIS n data 46_
Comparing Microbial C In Applied and (split_libraries_fastq) The output of filter otus_from otu_ral
Make Design Assign groups to Assembly 46: Convert BIOMon dat @ ¢ x
Ser: | Summarize taxa and store Manal S e e
=N Different kind of filtering can be apy Mapping al
< results in & new table or N
‘ * Singleton filtering (minimum ny variant Detection

1. C fakepathAustralian @ & X
Microbiome-2018-09-2

— appended to an existing + Abundance filtering (maximum . :
mapping file (summarize_taxa) Variant Calling

» Chimera filtering by using the &
. GATK Tools g |
Powered by $ 8T104614.biom
< ‘ More information about this ool is av| RNA Analysis § .
=G &
Annotation = Galaxy 5

g unclassified Fungi 1% .

p_Chytridiomycota 0.4% .

s,

Peak Calling
<
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Other tools to include

We can also ‘wrap’ any R, python, or other script/command

e.g. - More Phyloseq functions
Rhea pipeline (for normalization, alpha diversity, beta diversity,
Taxonomic binning, Serial Group Comparisons, Correlations)

rensipe oruionzlory
Rhea: a transparent and modular R CN FENEE con pAUEOT ot 04z84 o Ms04OTD
. 1. . . . T o s o
Peer. | pipeline for microbial profiling based - w]
eer. on 16S rRNA gene amplicons LT reel | 7 X
B oaToslae] | £¢ 1
Ilias Lagkouvardos, Sandra Fischer, Neeraj Kumar and Thomas Clavel ] sfulinl |1 o o
ZIEL— Core Facility Microbiom/NGS, Technical University of Munich, Freiing, Germany H Sielor] | £°]
H 7603 [ 79 - 4
=S 0|83 1 R | 41
ABSTRAC 2 — —
The importance of 165 rRNA ge the influence of 03[ o Jo3 27 : 21
microbes in a variety of environments umpk.i with the steep reduction in sequencing S e o . o
costsled to a surge of microbial sequencing projects. The expanding crowd of scientists Saliling — — —
and dlinicians wanting to make use of sequencing datasets can choose among a o1 [ laz] |, . Oswserealty  Doeaseealty  Diease Healty
range of multipurpose software phtforms, the use of which can be intimidating for s1fe2l o
non-expert users. Among available pipeline options for high-throughput 168 rRNA oror P
gene analysis, the R programming language and software environment for statistical w23 [17 con AU D00ST o pvlue 00455 cor. prake00057
computing stands out for its power and increased flexibility, and the possibility 1 s | n = = =
to adhere to most recent best practices and to adjust to individual project needs. ¢ T wd i 104
Here we present the Rhea pipeline, a set of R scripts that encode a series of well- § 0 8 - .
documented choices for the downstream analysis of Operational Taxonomic Units g 2 . - ad L
(OTUs) tables, including normalization steps, alpha- and beta-diversity analysis, 3 : g o
tavonomic comp statistical and calculation of correlations. Rhea H . ) 5, o
a straigh point for beginners, but can also be a framework 18.5PFCD g 21 al | 3
lm' advanced users whu can modify and expand the tool. As the community standards § 76 .9 ] 4 o
evolve, Rhea will adapt to always represent the current state-of-the-art in microbial 3 ETNET
PSS e LA compes e VAT M by e M g i § o b -, = |
scripts and documentation are freely available at b lagkouws 3 27 2
Submitted 29 July 2016 L o o] o -
P e Subjects Bioinformatics, Ecology, Microbiclogy JJ)A Deoxycholio seid B shannonstiectve € LU . Disease Healhy  Disoase Healhy Disoase Heathy
Comresponding authors Keywords 165 rRNA gene, Microbiome analysis, R script, Microbial profile, Host-microbe M “ m a| | Prevaence 610 /10 610 710 610
Tlias Lagk tatistical analysis, Alpha-diversity, Beta-diversity, Correlat . -
T oomacom 3 - L I\
davel tom@gmail.com INTRODUCTION Foul . H I\
feademicedior The analysis of complex microbial ¢ ites by high-throughput sequencing of 165 - - |E | ‘
Aottt ioraton and £RNA gene amplicons has become very popular. However, this rapid popularization is in = B \f
Declarations can ba foundon  stark contrast to the slow transfer of knowledge about data analysis. The hope g dby = \I/
page 14 pioneering next-generation sequencing studies community was high, but recent findings " \
DOI 10.7717/peer] 263 have hnghhghmi the needs for standardization in the field (Cla :
@ Copyright 2016 ; ¢ ! 3) r o
2017 Lighouvardos et o With respect to data processing, important parameters such as the choice of clustering #
Distuted under methods and thresholds of relative abundances must be considered for proper analysis
Greative Commons CG-BY40  of high-throughput 165 rRNA gene amplicon datasets (Edgar, 2015 Martinez, Muller & Dottt e e T

. The common output of raw sequence processing is a contingency tablewith @ p_Bacteroidetes p_Firmicutes
p__Candidatus Saccharibacteria [ ] p Proteobacteria

® p__Deferribacteres inknown_ Bacteria
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Three user types to support
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#35, 50 - As a researcher | need 1o
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code | used in an analysis in this
systemn, so | can re-deploy/re-use
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sequence are found, as well as
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diversoty at those sites, so | can
quickly assess environmental
metagenomics survey data that is
relevant to my own species of
interest
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Three user types to support

I G

#35, 50 - As a researcher | need 1o
export or be able to re-access the
code | used in an analysis in this
system, so | can re-deploy/re-use
the code in future analyses - on this
or other systems

o o o

R/python code users



Direct launch of R-studio in the hosted Galaxy environment

v

DO (< 2] i galaxy-aust-dev.genome.edu.au (@] o ] (]
Bioplatforms OTU Search Facility ‘ Galaxy | Australia ‘ +
=11 A Alla Analyze Data Using 2%

0 This is the galaxy.au staging server. Please email d@uq.edu.au if the are problems with the service.

Tools ~

History c &0
: samples
phyloseq Q) search datasets ()]

Metagenomic analyses

Phyloseq Biom Filtering biom file
filter

Australian Microbiome:
amplicon is '27f519r_bacteria’;
phylum is 'Bacteroidetes’;
environment is 'Soil’;
Vegetation Type is 'Grassland’;

Phyloseq Ordination Plot
ordination plotting

FROGSSTAT Phyloseq Multivariate 02 Vegetation Type is 'Forest'

Analysis Of Variance 2 shown

FROGSSTAT Phyloseq Sample 20.89 MB e

Clustering of samples using

different linkage methods 2: Phyloseq Ordination. @ 4 %
Plot - PCoA (Principal C

w&w oordinate Analysis)_bray (Bray-Curt

from 3 files: biomfile, samplefile, is distance).htmi

treefile vegetation_type

FROGSSTAT Phyloseq Composition L AustralianMicrobiome @ ¢ x

Visualisation with bar plot and @ Forest =2018-10-097051822.b

composition plot 0.0 4 . Grassland lomazlp

FROGSSTAT Phyloseqg Alpha
Diversity with richness plot

Axis.2 [3.3%]

category_type
® vegetation_type

FROGSSTAT Phyloseq Beta
Diversity distance matrix

FROGSSTAT Phyloseq Structure
Visualisation with heatmap plot
and ordination plot

Workflows

* All workflows ao P % ..., ®

0.0 02 0.4
Axis.1 [4.7%)]
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Generating Reports

« Can simply invoke multiple Galaxy Tools at once as a ‘workflow’

« Then present the outputs to the
user in a webpage e.qg.

e Could send a link via emalll

Kr@na « - swe . Bactera(io0) <+
s Toat: 113870
(5] Rt
+ Cransae g

7 Colapee Kl

— {
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PeT——— ]

PN——

cumulative relative abundance (%)

9 2|0 4|0 6|0 SIO 1(?0

10:5erco [
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aconco [
eserco
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sconvro NN
p_Firmicutes

@ p_Proteobacteria

@ p__unknown_ Bacteria

@ p__Bacteroidetes.
p_Candidatus Saccharibacteria
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Status (I)

Eight months into ten month project

Demo system available for testing

Recent/upcoming usability sessions (Brisbane, Melbourne, Hobart)

As tools/functions pass QC, they will be deployed to production servers
Short-list of tools/functions to add (sequence search, bar plots, bubble plots)

Development of on-line training material
(to be available via EcoED and Galaxy!Training portals)

One three-hour training session planned - Nov 14" via EMBL-ABR ‘hybrid’
delivery model at several sites (currently: SA, Tas, NSW, Vic, Qld)



Status (Il)

 New commitment from CSIRO, BPA, Cth Dept Environment (Director of
National Parks), IMOS) to develop a comprehensive national soil, marine and
freshwater microbiome survey

* Ongoing and critical need to make the information within metagenomics data
accessible to wide range of user communities:
 Researchers
« Land/Water Managers
« National Parks and Conservation Organisations
 Farmers/Fisheries

* The system developed represents the initial foundations for such a cloud-
based analysis tool for environmental metagenomics data
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