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Metagenomics

¢ Study of genetic material recovered directly from
environmental samples
¢isolation and lab cultivation not required
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Metagenomics

Clinical or environmental sample
containing microbes

!

Extraction of genomic DNA

/\

16S rRNA

What microbes What are the
or : :
are present? microbes doing?

Amplicon metagenomic sequencing Whole-genome shotgun
(16S rRNA gene: bacteria) metagenomic sequencing

} :

Amplification and sequencing Fragmenting of DNA, construction
of heterogeneous mixture of of paired-end libraries, sequencing
16S rRNA genes of heterogeneous mixture of DNA

! |

Bioinformatics analysis Bioinformatics analysis

» Alignment « Functional assignment of reads

» Classification - [dentification of enriched metabolic
- Operational taxonomic unit (OTU) analysis pathways and gene functions

« Phylogenetic analysis - Comparative metagenomics

Grice E.A. & Segre J.A. (2012) The Human Microbiome: Our Second Genome, Annu. Rev. Genomics Human Genet. 13, 151-170



Whole-Genome Shotgun
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Computational Biology Methods and Their Application to the Comparative Genomics of Endocellular Symbiotic Bacteria of Insects. Biol. Procedures Online (2009).



16S rRNA

Environmental samples

DNA extraction

Y

Genomic DNA

16S rRNA sequencing

Sequence comparison

4

Phylogenetic trees

right © 2005 Nature Publishing Group
Nature Reviews | Genetics

Tortoli E. Impact of genotypic studies on mycobacterial taxonomy: the new mycobacteria of the 1990s.
Clin Microbiol Rev. 2003 Apr;16(2):319-54. Review.

16S rRNA survey of bacterial
microbiome

Julien Tremblay. JGI.

Tringe SG, Rubin EM. Metagenomics: DNA sequencing of environmental samples.Nat Rev Genet. 2005 Nov;6(11):805-14. Review. PubMed PMID: 16304596.
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e Classify Reads
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e beta diversity

e Downstream Analysis and Visualization



Doing It

e QC and Preparation

e Classify Reads

e Normalize

e alpha diversity

e beta diversity

e Downstream Analysis and Visualization



Importing FTP uploaded files into Galaxy

Download from web or upload from disk

Regular Composite

FTP files Q
This Galaxy server allows you to upload files via FTP. To upload some files, log in to

the FTP server at 54.211.185.247 using your Galaxy credentials (email address and
password).

ble files: [2) 38 files & 158 MB
Name Created

F3D0_S188_LO01_R1_001.fastq 06/25/2016 11:01:21 PM
F3D0_S188_LO01_R2_001.fastq 06/25/2016 11:01:22 PM
F3D141_S207_L001_R1_001.fastq 06/25/2016 11:01:23 PM

Type (set 2 F3D141_S207_L001_R2_001.fastq 06/25/2016 11:01:24PM | Species A... |3

L2 Choose local file = Choose FTP file (¢ Paste/Fetch data Pause Reset Start

= F3D142_S208_L0O1 o Additional Sp.. &

L) Choose local file (= Choose FTP file (¢ Paste/Fetch data Pause Reset




History

MiSeq Data

306 sSnown

one For all selected...

Hide datasets

1: Microbiome - 434 Metageno
mic Pairs (Dan Dec. 18, 2015 Lo

! Unhide datasets

E;/ | Delete datasets

a list of 434 dataset pairs
| Undelete datasets

E;/ |  Permanently delete datasets

{ Build Dataset List

ki

B Create Dataset Collection

~ & (1]

History

< Back to 434 pairs no fastqc Copy of
'QC and Join paired end (imported from

uploaded file)'

Microbiome - 434 Metagenomic
Pairs (Dan Dec. 18, 2015 Load)

a list of paired datasets

102C1Buccal S13 LOO1 001

a pair of datasets

102C1Stool S1 LOO1 001

History

< Back to Microbiome - 434
Metagenomic Pairs (Dan Dec. 18, 2

Load)
102C1Buccal_S13_L001_001

a pair of datasets

forward @
reverse @
132.7 MB

format: fastqsanger, database: ?

uploaded fastgsanger file

a pair of datasets 2 O Ll E N

103C1-buccal S26 L0011 001 EM22286: 19: 222000000-AA549:1:1101

@ = : c
q Create a collection of paired datasets Ct

E)/ 33: F3D7 S195 G
q 19 pairs created: all datasets have been successfully paired C

(¥ 32:F3D6 5192

q 9 unpaired forward
_R1_

(¥ 31:F3D6 S1¢
aq F3D0_S188_LO01_R1_001.fastq

B 30: F3D5 S193 F3D1_S189_LO01_R1_001.fastg

q F3D2_S190_LO01_R1_001.fastg

F3D3_S191_LO01_R1_001.fastg

(¥ 29:F3D5 5193
g

F3D5_S193_L001_R1_001.fastq
F3D6_S194_L001_R1_001.fastq

F3D7_S195_L001_R1_001.fastq

Choose filters Clear filters

Auto-pair

0 paired

19 unpaired reverse

F3D0_S188_L001_R2_001.fastq
F3D1_S189_L001_R2_001.fastq
F3D2_S190_L001_R2_001.fastq
F3D3_5191_L0O01_R2_001.fastq
F3D5_5193_L001_R2_001.fastq

F3D6_S194_L001_R2_001.fastq

F3D7_S195_L001_R2_001.fastq




QC, Prepare, manipulate, filter Rea

nalyze Data Workflow Shared Data~ Visualization~ dmin

Workflow Canvas | QC and Join paired end

&
# FastQC x
(OShort read data from your current e . p—— .
history
i Tabular files
Contaminant list [ Select lines from

e tabular_output (tabular)
Submodule and Limit specifing file out_filelt

. script_output (txt)
html_file (html)O

text_file (tx) O

# fastg-join x
D3 Input dataset collection % DIFASTQ Paired Dataset # Concatenate datasets X
output outputjoined (fastgsanger) D O Concatenate Dataset
outputUnmatched1 (fastgsanger) DODataset 1 > Select # VSearch chimera detection %
# FASTQ to FASTA x
outputUnmatched2 (fastqsanger) out_file1O i [DSelect your FASTA file
utpu qsanger) OOFASTQ file to
outputStitchLengthReport (tabular) convert outfile (fasta) O
. ) o
# FASTQ Quality Trimmer x output_file (fasta)D nonchimeras (fasta) (D
[OFASTQFile ) _
# FastQC x uchimealns (fasta)
output filed (OShort read data from your current uchimeout (tabular)O
history
Contaminant list # Select x
Submodule and Limit specifing file O Select lines from
# FastQC x # FastQC x html_file (html) out_filelt
) /& FASTQ joiner x
O Short read data from your current G Short read data from your current text_file (tx) O
. OlLeft-hand Reads Paste x )
history history # FCut x # Column Join x
imi i Submodule and Limit specifing file ~ ;
Submodule and Limit specifing file output_file® OShort read data from your current Oand out file1 fabulan tabular_output (tabular)
i ~ html_file (htm) O . o - X
( — histo
html_file (html) istory F Select x out_filel1O script_output (txt)
text_file (txt) O text_file (txt) O Contaminant list

[ Select lines from
Submodule and Limit specifing file
out_filelO

html_file (htm) &

text_file (txt) D

Input: a List of paired sequencing Reads
Outputs: QC’d Joined paired reads, filtered for chimeras (FASTA
Quality Reports (html and single summary table




Create Workflow for Easy-to-Read FastQC Report

Details

E Galaxy D Input e [ e ata Workflow Shared Data~ Visualization~ Admin Help~ Using 5.6 GB
Workflow Canvas | &
Name:
Single FASTQ Files # Select x
Collection Type: Oselect lines from # Column Join x
Y
list out filel53 Tabular files

tabular_output (tabular)

: Details
O Input dataset collection X ‘ Details script_output (txt) !
output Select lines that match an Y | “hot used as input for another job.
expression (Galaxy Version 1.0.1) "
Configure Qutput: ‘out filel' @ Details
Select lines from
Data input ‘input’ (txt) Label Column Join on Collections -
/& FastQC x @ that (Galaxy Version 0.0.1)
[OShort read data from your current v This will provide a short name to
Matching v . .
history describe the output - this must be Tabular files
unique across workflows. . . .
Contaminant list @ the pattern Data input 'input_tabular' (tabular)
Submodule and Limit specifing file A>>.+\L+ Rename dataset .
: —— : (3 Identifier column
: here you can enter text or regular
html_file (htm))(D o,
expression (for syntax check lower part = : = - 1
rext file (txt)C of this frame) vis action will rename the output
- dataset. Click here for more
Annotation / Notes information. Valid inputs are: input.

(3] Number of Header lines in each
Change datatype item

N> 4\ 4 o : 0

This action will change the datatype of
the output to the indicated value.
Add an annotation or note for this step. B Fill character

It will be shown with the workflow. Tags
Email notification
This action will set tags for the .
ves | No daracet @ Additional datasets to create
An email notification will be sent when '
the job has completed. SR @& (J Select/Unselect all
Use as a SubWorkflow e
: Yes | No € 11P: if your data is not TAB
Treat an entlre Workﬂow as a Delete intermediate outputs if they are delimited, use Text Manipulation-

>Convert

Slngle TOOI MOdUIG not used as input for another job.

Configure Output: ‘out filel' @




Single Summary FastQC Report

= Galaxy / Dan's Brubeck P = Galaxy Gmail

= C brubeck.bx.psu.edu:8051 =

* Apps For quick access, place your bookmarks here on the bookmarks bar. Import bookmarks n || Other Bookmarks

Ga Xy I Dan's Brubeck P! ayground Analyze Data Workfl ed Datav Visualization~ Admin Help~ Userw Using 9.4 TB

4 bucc. S20_L001_001_2 253Cl-buccal_S20_L001_001_3 253Cl-stool_S17_L001_001_2 253Cl-stool_S17_L001_001_3 253M-buccal_S40_L001_001_2 253M-buccal_S40_L001_001_3 254Cl-buccal_S30_L001_001_2 . a D
Tools -— History "/

254Cl-buccal_S30_L001_001_3 254Cl-stool_S12_L001_001_2 254Cl-stool_S12_L001_001_3 254M-buccal_S40_L001_001_2 254M-buccal_S40_L001_001_3 255C1-buccal_S2_L001_001_2 255C1-

buccal_S2_L001_001_3 255M-buccal_S4_L001_001_2 255M-buccal_S4_L001_001_3 256Cl-buccal_S33_L001_001_2 256C1l-buccal_S33_L001_001_3 256C1-stool_S2_L001_001_2 256Cl-stool_S2_L001_001_3

256M-buccal_S35_L001_001_2 256M-buccal_S35_L001_001_3 257C1-buccal_S44_L001_001_2 257C1-buccal_S44_L001_001_3 257Cl-stool_S11_L001_001_2 257C1l-stool_S11_L001_001_3 257M-

buccal_S26_L001_001_2  257M-buccal_S26_L001_001_3 258C1-buccal_S39_L001_001_2 258Cl-buccal_S39_L001_001_3 258C1l-stool_S9_L0O01_001_2 258C1-stool_S9_L001_001_3 258M-buccal_$27_L001_001_2
Stampy Genotyping 258M-buccal_S27_L001_001_3 259C1l-buccal_S32_L001_001_2 259C1-buccal_$32_L001_001_3 259M-buccal_S15_L001_001_2 259M-buccal_S15_L001_001_3 260Cl-buccal_S45_L001_001_2 260C1- 434 pairs with QC and Join paired
e buccal_S45_L001_001_3  260Cl-stool_S8_L001_001_2 260C1-stool_SB_L001_001_3 260M-buccal_S29_L001_001_2 260M-buccal_$29_L001_001_3 262C1-buccal_S13_L001_001_2 262C1l-buccal_S13_L001_001_3 end
e 262M-buccal_S23_L001_001_2 262M-buccal_S23_L001_001_3 263Cl-buccal_S19_L001_001_2 263Cl-buccal_S19_L001_001_3 263Cl-stool_S16_L001_001_2 263C1l-stool_S16_L001_001_3 263M- 6010 shown, 7908 hidde
Send Data buccal_S34_L001_001_2  263M-buccal_S34_L001_001_3 264Cl-buccal_S31_L001_001_2 264Cl-buccal_S31_L001_001_3 264Cl-stool_S6_L001_001_2 264C1l-stool_S6_L001_001_3 264M-buccal_S37_L001_001_2
Lift—Over 264M-buccal_S37_L001_001_3 265C1-buccal_S18_L001_001_2 265C1-buccal_S18_L001_001_3 265C1-stool_S46_L001_001_2 265Cl-stool_S46_L001_001_3 265M-buccal_$28_L001_001_2 265M- 457.13 GB C X
e buccal_S28_L001_001_3  266Cl-buccal_S47_L001_001_2 266C1-buccal_S47_L001_001_3 266Cl-stool_S7_L001_001_2 266C1l-stool_S7_L001_001_3 266M-buccal_S21_L001_001_2 266M-buccal_s21_L001_001_3
Text Manipulation 267Cl-buccal_S38_L001_001_2 267C1l-buccal_S38_L001_001_3 267Cl-stool_S10_L001_001_2 267C1l-stool_S10_L001_001_3 267M-buccal_S3_L001_001_2 267M-buccal_S3_L001_001_3 268C1- 13918: Column Joino @ & x
Filter and Sort buccal_S36_L001_001_2  268Cl-buccal_S36_L001_001_3 268C1l-sttool_S5_L001_001_2 268Cl-sttool_S5_L001_001_3 268M-buccal_$22_L001_001_2 268M-buccal_S22_L001_001_3 270C1l-buccal_S17_L001_001_2 n data 13916, data 1
- 270C1-buccal_S17_L001_001_3 270Cl-stool_S14_L001_001_2 270Cl-stool_S14_L001_001_3 270M-buccal_S20_L001_001_2 270M-buccal_S20_L001_001_3 271Cl-buccal_S24_L001_001_2 271C1- —'3915 and olh'_ers
Join, Subtract and Group buccal_S24_L001_001_3  271Cl-stool_S4_L001_001_2 271C1l-stool_S4_L001_001_3 271M-buccal_S25_L001_001_2 271M-buccal_$25_L001_001_3 272C1-buccal_S25_L001_001_2 272Cl-buccal_S25_L001_001_3 =
CanveTUrornat 272Cl-stool_S46_L001_001_2 272C1l-stool_S46_L001_001_3 272M-buccal_S20_L001_001_2 272M-buccal_S20_L001_001_3 274Cl-buccal_S22_L001_001_2 274C1l-buccal_S22_L001_001_3 274C1- 13917: Cut on collection 134 x
- stool_S42_L001_001_2 274Cl-stool_S42_L001_001_3 276C1-buccal_S15_L001_001_2 276Cl-buccal_S15_L001_001_3 276Cl-stool_S43_L001_001_2 276C1l-stool_S43_L001_001_3 276M-buccal_s27_L001_001_2 =
Extract Features 276M-buccal_S27_L001_001_3 277C1l-buccal_$23_L001_001_2 277C1-buccal_S23_L001_001_3 277C1l-stool_S45_L001_001_2 277Cl-stool_S45_L001_001_3 277M-buccal_S7_L001_001_2 277M- 81
Fetch Sequences buccal_S7_L001_001_3 278Cl-buccal_S19_L001_001_2 278C1l-buccal_S19_L001_001_3 278Cl-stool_S41_L001_001_2 278Cl-stool_S41_L001_001_3 278M-buccal_S16_L001_001_2 278M-buccal_S16_L001_001_3 SLE

) 280Cl-buccal_S24_L001_001_2 280C1l-buccal_S24_L001_001_3 280Cl-stool_S37_L001_001_2 280C1l-stool_S37_L001_001_3 280M-buccal_S28_L001_001_2 280M-buccal_S28_L001_001_3 281C1- )
Fetch Alignments buccal_S9_L001_001_2 281Cl-buccal_S9_L001_001_3 281C1l-stool_S36_L001_001_2 281Cl-stool_S36_L001_001_3 281M-buccal_S26_L001_001_2 281M-buccal_S26_L001_001_3 282C1l-stool_S40_L001_001_2 13482: Column loino | ® | # | %
Get Genomic Scores 282Cl-stool_S40_L001_001_3 282M-buccal_S5_L001_001_2 282M-buccal_S5_L001_001_3 283Cl-buccal_S13_L001_001_2 283Cl-buccal_S13_L001_001_3 283Cl-stool_S39_L001_001_2 283C1- ndata 11305. data 11
) stool_S39_L001_001_3 283M-buccal_S3_L001_001_2 283M-buccal_S3_L001_001_3 284Cl-buccal_S14_L001_001_2 284C1l-buccal_S14_L001_001_3 284Cl-stool_S30_L001_001_2 284Cl-stool_S30_LO001_001_3 304, and others
Operate on Genomic Intervals 284M-buccal S12_L001_001_2 284M-buccal_S12_L001_001_3 285C1-buccal S17_L001_001_2 285C1-buccal_S17_L001_001_3 285C1-stool S33_L001_001_2 285C1-stool_S33_L001_001_3 285M-
Statistics buccal_S31_L001_001_2 285M-buccal_S31_L001_001_3 286Cl-buccal_S11_L001_001_2 286Cl-buccal_S11_L001_001_3 286Cl-stool_S35_L001_001_2 286Cl-stool S35 _L001_001_3 286M-buccal_S21_L001_001_2 13481: Paste on collection 10 x
) 286M-buccal_S21_L001_001_3 289C1l-buccal_s8_L001_001_2 289C1-buccal_S8_L001_001_3 289C1-stool_S44_L001_001_2 289C1l-stool_S44_L001_001_3 289M-buccal_S6_L001_001_2 289M- 871 and collection 9131

WavelerRnalysls buccal_S6_L001_001_3 290C1l-buccal_S48_L001_001_2 290C1-buccal_S48_L001_001_3 290M-buccal_S41_L001_001_2 290M-buccal_S41_L001_001_3 294C1l-buccal_S18_L001_001_2 294Cl-buccal_S18_L001_001_3 allistof .
Graph/Display Data 294Cl-stool_S34_L001_001_2 294Cl-stool_S34_L001_001_3 294M-buccal_S32_L001_001_2 294M-buccal_S32_L001_001_3 302Cl-buccal_S10_L001_001_2 302C1l-buccal_S10_L001_001_3 302C1-

stool_S38_L001_001_2 302Cl-stool_S38_L001_001_3 302M-buccal_S29_L001_001_2 302M-buccal_S29_L001_001_3 13046: VSearch chimera dete

Regional Variation

) ) >>Adapter Content pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass ction on collection 10436: Ch
Multiple regression pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass Iealionments
imera Alignments
Multivariate Analysis pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass I -
Mutivariate Analysls pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass e .
Evolution ass ass ass pass ass ass ass ass pass ass ass ass ass pass ass pass ass ass ass ass pass ass ass ass ass pass ass
base  pass  pass  pase  pase  pass  pass  pase  pass  pass  pase  pase pase  pass  pace  pase  pase base  pame  pate pace paes pame pas pioe bame pam 13045: VSearch chimera dete  x
Motif Tools pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass . lecti e
) X pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass ction on collection 10436: No
Multiple Alignments pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass
Metagenomic analyses pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass
) - pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass
FASTA manipulation pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass 13044: VSearch chimera dete
NGS: QC and manipulation pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass ction on collection 10436
i pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass a -
NGS: Picard (beta pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass
NGS: Mapping pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass 13043: VSearch chimera dete
NGS: RNA Analysis pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass ction on collection 10436: Ch
o RNA ANalysis pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass Ty ——
NGS: SAM Tools pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass -
a list of gdat S
pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass
NGS: GATK Tools (beta)
NGS: GATK Tools (beta, pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass ) R .
NGS: Variant Detection pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass Mw @® & X
NGS: Peak Callin pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass ra detection on data 1
g q 0 =
pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass 0042: Chimera Alignments
NGS: Simulation pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass
SNP/WGA: Data: Filters pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass 11468: VSearch chime @ 4 x
pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass ra detection on data 1
Human Genome Variation pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass 0042: Non Chimera
VCE Toals pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass
< pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass >
naca oo nacc aa naca oo naca naca oa naca o aa naas aq nacc oo naca nacc naca naca o na nacc aq oo aa naca




Doing It

e QC and Preparation

e Classify Reads

e Normalize

e alpha diversity

e beta diversity

e Downstream Analysis and Visualization



Classify Reads

¢“Binning”
¢"best effort” to identify reads or contigs with certain groups
of organisms designated as OTUs
e Operational Taxonomic Units (OTUs)
e operational definition of a species or group of species
¢ Algorithms
e Taxonomy Dependent
ealignment to known sequences and species
emisses reads that are absent in database
e obtain estimates of the profile/abundance of ‘known’
taxonomic groups
e Taxonomy Independent
egroup/bin reads in a given dataset based on their
mutual similarity
econsiders content of reads only
N0 database



Kraken Classifier

e assign taxonomic labels to short DNA sequences
e exact alignment of k-mers

Query sequence

) N D G )
(e il e i ee— ‘
) S G ) —— ‘-k-mel'S

K-mer to LCA mapping
(pre-computed database) Classification

tree and path

o D

‘n ;. l‘ 10

Examine hit taxa ~

3 \ ‘- ; x |
A A k4 and ancestors
Taxonomy tree % \

Sequence classified as belonging to leaf of
classification (highest-weighted RTL) path

Wood DE, Salzberg SL: Kraken: ultrafast metagenomic sequence classification using exact alignments. Genome Biology 2014, 15:R46.



Classify Reads

= Workflow home / Dan's B = Galaxy / Dan's Brubeck F = Galaxy = brubeck.bx.psu.edu:805 Gmail

brubeck.bx.psu.edu:8050/workflow/editor?id=25756001ffcf3ecd =

Apps For quick access, place your bookmarks here on the bookmarks bar. |Import bookmarks now || Other Bookmarks

Ga axy / Dal'l S BI'I.Ibeck P a roun alization» Admin Help~

Workflow Canvas | kraken and filter and join on single read - set database &

/ Column Join x
# Select x
Fcut x Tabular files

Select lines from
tabular_output (tabular) S ——
out_filel

# Filter x - script_output (txt)
out_filel (tabular) &
OFilter
out_filelD
# Kraken x # Kraken-report x
D Input dataset collection % Olnput sequences OKraken output
output . ~—
u classified_out (fasta, fastq)® output_report (tabular)
]
unclassified_out (fasta, fastq)
(b}
output (tabular) O
/ Column Join x FSelect x
FCut x Tabular files Select lines from
# Kraken-filter x
: CFrom tabular_output (tabular) out filel
Kraken output # Filter x —
) script_output (txt)
OIFilter out_filel (tabular)
filtered_output (tabular)
o out_filelD

Input: a List of sequencing Reads (FASTA or FASTQ

Outputs: Summary Table of counts (filtered or non-filtered joined




Abundance Counts

= Workflow home / Dan's E = Galaxy / Dan's Brubeck P = Galaxy = brubeck.bx.psu.edu:805 Gmail

= C brubeck.bx.psu.edu:8051 =

2% Apps For quick access, place your bookmarks here on the bookmarks bar. Import bookmarks now. [L] Other Bookmarks

Galaxyl Dan's Brllbeck aygl‘ound Analyze Data  Workfl Shared Data~  Visualization» Admin Help~

buccal_S3_L001_001_2 284Cl-buccal_S14_L001_001_2 284Cl-stool_S30_L001_001_2 284M-buccal_S12_L001_001_2 285C1l-buccal_S17_L001_001_2 285C1-stool_S33_L001_001_2 285M-buccal_S31_LO001_001_2 History o8
286C1l-buccal_S11_L001_001_2 286Cl-stool_S35_L001_001_2 286M-buccal_S21_L001_001_2 289C1-buccal_S8_L001_001_2 289Cl-stool_S44_L001_001_2 289M-buccal_S6_L001_001_2 290C1-
buccal_S48_L001_001_2  290M-buccal_S41_L001_001_2 294Cl-buccal_S18_L001_001_2 294Cl-stool_S34_L001_001_2 294M-buccal_832_L001_001_2 302C1-buccal_S10_L001_001_2 302C1-stool_S38_LO001_001_2
302M-buccal_S29_L001_001_2
ACl 0 1 2 0 0 2 0 1 0 1 0 1 0 1 0 0 0 0 0 0 0 1 2 0 0 4
Stampy Genotyping 8 2 3 0 0 0 1 1 0 0 2 0 0 0 0 1 4 2 0 4 1 0 0 0 0 1 3 gg on 434 pairs kraken and filter
Get Data 9 1 3 1 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 2 0 0 0 1 0 and join on single read - set
- 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 database
Send Data 0 0 0 0 0 1 1 1 0 0 2 3 1 2 1 0 3 1 0 1 1 0 0 0 0 2 2 3162 shown, 760 hi
Lift-Over 1 0 1 0 0 3 3 0 0 0 1 0 8 0 1 0 1 10 1 0 4 1 0 0 0 0 0
- ) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 68.16 GB AL N
Text Manipulation 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 1 0 0 0 1 0 0 0 0 0 0
Filter and Sort 0 0 0 1 1 0 0 4 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 4 0 © 3922: Select on dat x
, 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 i 0 0 0 0 0 1 0 0 2 3920
loin, Subtract and Group 0 0 1 0 0 8 0 1 0 0 0 1 0 0 2 0 0 0 0 0 1 1 1 1 1 1 0 =
Convert Formats 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 o 3921: Column Join x
- L T T A S S S S S S ondta 3517 s 39
Fetch Sequences 1 0 0 0 1 ) 0 1 0 1 0 0 0 1 0 0 4 0 0 0 0 2 0 0 0 0 2 16.and others
Fetch Alignments g (1) g 0 0 0 0 0 0 1 0 0 0 0 1 0 2 ° 0 0 3 0 0 0 0 0 0 © 3920: Column Join x
Get Genomic Scores AD3 1 1 4 0 0 0 0 0 1 1 2 1 0 0 0 0 2 0 2 0 0 0 1 0 0 0 on data 3917, data 39
. 3 0 1 0 0 0 0 0 0 1 2 0 0 1 0 0 2 0 1 1 0 1 0 1 0 1 1 16, and others
Operate on Genomic Intervals 7 0 2 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0
Statistics 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 3919: Select on data LW AR
N e 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0 0 0 0 1 3482
sl el 0 1 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1
Graph/Display Data 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 3918: Cut on collection 3481
Regional Variation 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 NG =
0 0 0 0 0 0 2 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
Multiple regression 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 ] 0 1 0 0 0 0 © 3917: Cut on data x
Multivariate Analysis 2 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 2 0 1 0 0 0 0 1 3480
N 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 —
Evolution 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 © 3916: Cut on data
Motif Tools 0 0 i 1 i 0 0 0 0 0 1 0 0 0 0 0 i 0 i 0 0 0 0 0 1 0 0 — *
TR Ao 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 3479
Multiple Allghments 0 1 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1
Metagenomic analyses 0 0 0 © 3915: Cuton data x
i , Acidobacteria 13 14 372 23 21 22 28 44 10 36 49 15 21 57 9 9 18 13 19 29 12 31 25 11 3478
RS PRl SV v 13 15 75 16 37 22 6 14 9 28 12 20 25 152 11 37 14 19 60 20 19 38 14 28 28 12 29
NGS: QC and manipulation 23 35 590 39 33 12 19 14 8 20 12 4 14 9 7 2 13 19 12 2 3 7 13 23 24 14 2 © 3914: Cut on data x
ey 7 12 23 7 69 7 9 33 12 19 10 6 12 1 7 7 10 3 16 8 6 83 6 13 9 5 3 3477
NGS: Picard (beta) 0 17 4 5 5 37 113 26 17 90 2 15 50 109 66 127 84 25 78 84 45 67 30 86 41 47 127
NGS: Mapping 76 43 55 33 182 50 124 196 155 39 124 5 57 69 508 4 100 87 65 217 164 39 168 93 3 34 3 @ 3913: Cut on data x
. . 11 7 1 5 9 4 4 11 9 3 4 5 1 3 5 3 7 7 3 16 5 2 8 4 2 15 3 3476
NGS5 RNA Analysis 2 6 0 20 2 3 3 2 2 5 0 2 11 5 25 1 24 24 29 2 10 9 18 11 5 4 11
NGS: SAM Tools 17 6 4 18 6 20 11 1 20 32 15 18 21 15 6 4 15 13 12 3 9 11 15 1 6 2 1 © 3912: Cuton data x
NGS: GATK Tools (beta) 18 16 9 14 4 3 13 3 5 29 19 11 6 5 22 33 5 17 18 4 10 29 11 15 25 9 17 3475
16 7 29 3 9 9 21 73 11 15 16 6 17 25 4 20 49 13 6 13 19 6 6 14 9 20 26 —
NGS: Variant Detection 5 11 36 6 2 2 1 7 3 7 2 1 7 0 4 4 0 5 13 5 2 11 2 4 2 1 1 © 3911: Cut on data ~
NGS: Peak Calling 4 1 1 8 1 3 11 2 3 5 2 10 7 11 2 6 5 2 6 2 1 1 3 6 4 13 36 B
8 2 23 9 8 13 15 8 20 14 5 4 10 16 1 6 6 10 20 13 8 16 13 13 22 5 6 233
NGS: Simulation 8 8 9 22 20 3 9 13 2 15 7 12 17 3 10 24 0 14 39 5 14 10 2 28 5 4 43
. . Fi 9 14 37 17 7 16 14 10 18 24 33 27 12 26 13 3 35 15 11 12 11 24 27 25 16 12 11 © 3910: Cut on data x
SNP/WGA: Data; Filters
. 37 20 5 23 14 3473
Human Genome Variation Actinobacteria 16758 1443 101451 1241 2284 3464 17293 6057 2865 8268 3183 9672 2484 34206 3187 6182 4511 630 3985 16768 4511 29882 799 7799
\ICE Tonls 716 1087 69999 5339 2097 8032 4773 7783 7341 6413 4581 2054 1063 4147 3846 668 9477 2195 22055 18371 6135 536 3855 2883 5604 13431 17438 © 3909: Cut on data x

< 547 14732 45796 5158 15158 4717 963 2542 8895 62951 31618 7831 182 17782 9495 6606 1407 7265 3561 839 346 16410 4544 8400 807 12421 219 >




Doing It

e QC and Preparation

e Classify Reads

e Normalize

e alpha diversity

e beta diversity

e Downstream Analysis and Visualization



Normalizing

e Rarefy
e [otal sum scaling

e Cumulative Sum Scaling
e DeSeq2 process



Rarefaction

Clones

)0 1800 2000 2200 2400 2600 2

Wooley JC, Godzik A, Friedberg I. A primer on metagenomics.
PLoS Comput Biol. 2010 Feb 26;6(2):e1000667.

Number of sequences

Mohd Shaufi MA, Sieo CC, Chong CW, Gan HM, Ho YW.
Deciphering chicken gut microbial dynamics based on high-
throughput 16S rRNA metagenomics analyses. Gut Pathog. 2015
Feb 26;7:4. doi: 10.1186/s13099-015-0051-7.

* Have we sequenced enough?
e Normalize counts across samples
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1

e
"X102C1Buccal_S13_L001_001_2"
"X102C1Stool_S1_L001_001_2"
"X102M.buccal_2"

"X103Cl1.buccal_S$26_L001_001_2"

"X103Cl.stool_S15_L001_001_2"
"X103M.buccal_S37_L001_001_2"
"X105C1Buccal_S14_L001_001_2"
"X105C1Stool_S2_L001_001_2"
"X105M.buccal_S1_L001_001_2"
"X106C1Buccal_S15_L001_001_2"
"X106C1Stool_S3_L001_001_2"
"X106M.buccal_S2_L001_001_2°
"X107C1Buccal_S16_L001_001_2"
"X107C1Stool_S4_L001_001_2"
"X107M.buccal_S3_L001_001_2"
"X108C1Buccal_S17_L001_001_2"
"X108C1Stool_S5_L001_001_2"
"X108M.buccal_S4_L001_001_2°
"X109C1Buccal_S18_L001_001_2"
"X109C1Stool_S6_L001_001_2"
"X109M.buccal_S5_L001_001_2"
"X110C1Buccal_S19_L001_001_2"
"X110C1Stool_S7_L001_001_2"
“X110M.buccal_S6_L001_001_2°

"X112Cl.buccal_S$27_1L001_001_2"

"X112C1.stool_S16_L001_001_2°
"X112M.buccal_S38_L001_001_2"

"X113Cl.buccal_S$28_L001_001_2"

"X113Cl.stool_S17_L001_001_2"

Vegan Tool Suite - Rarefaction Slopes

0.0439628348495116
0.0436719139786513
0.0441353284015752
0.0412752117548852
0.0375047214380159
0.0468916650084611
0.0355364524551467
0.0475142673724111
0.0470150093788334
0.0467482587333604
0.0534846235423753

0.040421620256698
0.0471970891841178
0.0533971575341763
0.0472890304994955
0.0481609441445347

0.045170380186428
0.0378253483991975
0.0310756229168307
0.0364931311092052
0.0375674715083014

0.035845121476847
0.0492491404316483

0.039821866382552
0.0325941364457868
0.0524261115683378
0.0359530450432949
0.0360305077235005
0.0517149011158896




Doing It

e QC and Preparation

e Classify Reads

e Normalize

e alpha diversity

e beta diversity

e Downstream Analysis and Visualization



a-diversity

e biodiversity in a defined
e habitat
® ecosystem
e sample
e Community Richness
* how many organisms are really there



Alpha Diversity

Analyze Data Workflow Shared Data~ Visualization~ Admin Help» User~ Using 5.8 GB
4+ . ~
Tools — Vegan Diversity index (Galaxy Version 0.0.3) w Options History < &1
Regional Variation File with abundance values for community (%
FASTA manipulation —T A ‘ T ) B
Evolution D& O 507: Vegan Rarefaction on data 500 (Random rarefied community matrix) v MiSeq Data
Rows are samples; columns are species/phyla/community classifier 130 shown, 378 hidden
Multiple Alignments 7% e
812.52 MB v
Metagenomic analyses Group name column
Beta Diversity using scikit-bio Column: 1 v 508: Column frequencies @ 4 x
Vegan Fisher Alpha index Species, phylum, etc on data 500
e e e Sample count columns 507: Vegan Rarefaction @ &S X
O select/Unselect all on data 500 (Random rar
Vegan Rarefaction curve and efied community matrix)
statistics Column: 2 Column: 3 Column: 4 Column: § Column: 6 Column: 7 Column: 8 Column: 9 Column: 10
_ 506: Vegan Rarefaction W AR
VSearch alignment Column: 11 Column: 12 Column: 13 Column: 14 Column: 15 Column: 16 Column: 17 Column: 18 on data 500 (plot)
VSearch dereplication Column: 19 Column: 20 50S: Veaan Rarefaction ® & x
w Select each column that contains counts on data 500 (slope Of Lt
: rve)
VSearch shuffling Input has a header line S04: V. Rarefacti
) 1 7 : Vegan Rarefaction W AR
Voearch search Yes | No < on data 500 (species pro
ing babilities
. Diversity index to use F3DO 2.21245501532285 pabities)
Moearch ¢ uster g Inverse Simpson F3D1  2.37118203363653 - 503, Vegan Rarefaction .~ x
s h chi detect e LT LT on data 500 (estimated r
earch chimera detection ! =
Margin for which the index is computed ichness)
BIOM metadata add-metadata F3D3 1.64741465806235 _
1 F3D5 > 21811786026141 502: Vegan Rarefaction @ & X
Convert BIOM formats : on data 500 (frequency
: F3D6 2.01124753861779 of species)
Kraken taxonomic report view The logarithm base F3D7 1.56781184051996
report of classification for multiple Natural Logarithm: exp(1) : v 501: Vegan Rarefaction @ 4 x
samples F3D8 2.25470249485439 on data 500 (number of
TR LT F3D9 2.16635907862611 species)
taxonomy IDs to names F3D141  1.88938647101194 500: Column substitutio @ 4 x
Kraken-report view a sample Calculate Diversity index using vegan and selected method. F3D142 1.69697928769152 n on data 498

F3D143 1.86853892207042
F3D144 1.71506115634714
F3D145  1.55429517220742
F3D146 2.1131686074353
F3D147 1.6036205003031

F3D148 1.73860419546772
F3D149  2.02799055973392
F3D150 1.99456407827727



Doing It

e QC and Preparation

e Classify Reads

e Normalize

e alpha diversity

e beta diversity

e Downstream Analysis and Visualization



B-diversity

e compares species diversity between
e habitats
e samples

e How similar are two samples?



= Galaxy

Tools -fa
Kraken taxonomic report view
report of classification for multiple
samples

Kraken-translate convert
taxonomy IDs to names

Kraken-report view a sample
report of your classification

Kraken-mpa-report view report of
classification for multiple samples

Kraken-filter filter classification by
confidence score

Kraken assign taxonomic labels to
sequencing reads

Summarize taxonomy

Draw phylogeny

Poisson two-sample test

Find lowest diagnostic rank

Fetch taxonomic representation

Find diagnostic hits

Krona pie chart from taxonomic
profile

Vegan Beta Diversity curve and
statistics

Motif Tools

NGS: QC and manipulation
NGS: Mapping

NGS: BAM Tools

NGS: Picard

Beta Diversity

Workflow Shared Data~ Visualization» Admin Help~ User~

Analyze Data

Vegan Beta Diversity curve and statistics (Galaxy Version 0.0.2) w Options
File with abundance values for community
O|& | O

Rows are samples; columns are species/phyla/community classifier

507: Vegan Rarefaction on data 500 (Random rarefied community matrix) v

Group name column

Column: 1 v

Species, phylum, etc

Sample count columns
) Select/Unselect all

Column: 2 Column: 3 Column: 4 Column: 5 Column: 6 Column: 7 Column: 8 Column: 9 Column: 10

Column: 11 Column: 12 Column: 13 Column: 14 Column: 15 Column: 16 Column: 17 Column: 18

Column: 19 Column: 20
Select each column that contains counts
Input has a header line

Yes No

X-axis label

Sample Size

Y-axis label

Group

Label beta_diversity curves by rownames of X

Yes No

Diversity index to compute

1'wW" = (b+0)/(2*a+b+0) v

Order sites by increasing number of species

Using 5.8 GB
~ &[0

History

MiSeq Data

oo
|
1

812.52 MB

509: Vegan Diversity on
data 507

508: Column frequencies
on data 500

507: Vegan Rarefaction
on data 500 (Random rar

efied community matrix)

506: Vegan Rarefaction
on data 500 (plot)

505: Vegan Rarefaction
on data 500 (slope of cu

rve)

504: Vegan Rarefaction
on data 500 (species pro

babilities)

503: Vegan Rarefaction
on data 500 (estimated r

ichness)

502: Vegan Rarefaction
on data 500 (frequency

of species)

501: Vegan Rarefaction
on data 500 (number of

species)

@

@

@

@
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@

@

&

@




Doing It

e QC and Preparation

e Classify Reads

e Normalize

e alpha diversity

e beta diversity

e Downstream Analysis and Visualization



Metadata Handling

e Additional information about each sample
e Parallel tabular files (e.g. LEfSe: cat on top of
input)
¢ BIOM format (not handled by many tools)

Use converters between tabular files and BIOM,
various ways of pulling in and out metadata
values



Combine Metadata with Relative Abundances

Analyze Data Workflow Shared Data~ Visualization~ Admin Help~ User~ EE Using 5.8 GB
T . —~
Tools — Concatenate datasets tail-to-head (Galaxy Version 1.0.0) w» Options Elistory gl a @
X Concatenate Dataset (3%
Get Data (3 | & O ||516: MiSeq Early / Late Metadata v MiSeq Data
138 shown, 378 hidden
Send Data Dataset =S
i ~ 12.56 MB v ®
Text Manipulation 1: Dataset i 812.56 o
Compute an expression on every Select 516: MiSeq Early / Late ®| | %
row
S : Metadata
Add column to an existing dataset O & O S508: Column frequencies on data 500 v . _
515: Vegan Beta Diversit @ 4 %
Concatenate datasets tail-to-head =+ Insert Dataset y on data 507 (plot)
Cut columns from a table cute 514: Vegan Beta Diversit @ 4 x
Merge Columns together y on data 507 (output b
eta diversity scores no triangular)
1 2 3 4 5 6 7 8 9
group F3DO F3D1 F3D2 F3D3 F3D5 F3D6 F3D7 F3D8
time Early Early Early Early Early Early Early Early
#D F3DO F3D1 F3D2 F3D3 F3D5 F3D6 F3D7 F3D8
Thiotrichales 0.0 0.0 0.0 0.000156690692573 0.0 0.0 0.0 0.0

Pseudomonadales
Enterobacteriales
Chromatiales
Xanthomonadales
Alteromonadales
Aeromonadales
Pasteurellales

0.00130684788291
0.000784108729744
0.0

0.0
0.000130684788291
0.000130684788291
0.0

0.00141317788377
0.000353294470942
0.000176647235471
0.000176647235471
0.0

0.0
0.000176647235471

0.000736338294851
0.000315573554936
5.25955924893e-05
0.0
0.0
0.0
0.0

0.000156690692573
0.000156690692573
0.0
0.0
0.0
0.0
0.0

0.000455684666211
0.000911369332422
0.0
0.0
0.0
0.0
0.0

0.000639959042621
0.000511967234097
0.000127991808524
0.000127991808524
0.0
0.0
0.0

0.000394866732478
0.000592300098717
0.0
0.0
0.0
0.0
0.0

0.000964320154291
0.000771456123433
0.0
0.0
0.0
0.0
0.0

1
F
E
F
C
C
C
C
C
C
C
C

E Galaxv Analyze Data Workflow Shared Data~ Visualization~ Admin Help~ Using 5.8 GB
1 : ~
Tools — Remove beginning of a file (Galaxy Version 1.0.0) w» Options ERSLORY, < &[0
X Remove first %
Get Data - MiSeq Data
Send Data lines 139 shown, 378 hidden
Text Manipulation from 812.57 MB Y% ®
Compute an expression on eve =~
=0mpute presst Y ) | @& 0[O || 517: Concatenate datasets on data 508 and data 516 v 517: Concatenate datas @ 4 x
row
ets on data 508 and dat
Add column to an existing dataset as16
Concatenate datasets tail-to-head 516: MiSeq Early / Late @ &S X
What it does Metadata
Cut columns from a table
This tool removes a specified number of lines from the beginning of a dataset. 515: Vegan Beta Diversit @ 4 x

Merge Columns together

on data 507 (plot




LEfSe - LDA Effect Size

. . . Vlsuallzatlon of differential features
Biological hypothesis ranked by effect size

- Differential analysis

- comparative analysis

- biomarker discovery

- known biological structure

Two (or more) conditions )

.

- Representation of relevant
High throu hput (" Quantitative features on taxonor_mc or

experimenfs estimations l \ D hylogenetic

Taxon
abundances

Functional
abundances
(COGs KEGG...)

4 )

Prior Knowledge
- Known relation between feat.
- dependency between feat.

- biological feature groupings

: Plot of features with

Gene (- statistically significant

expression COGs differences between
3 - - e e conditions



https://bytebucket.org/biobakery/galaxy_lefse/wiki/lefse_ove.png

Tools

BEDtools
EMBOSS

Regional Variation

FASTA manipulation

Evolution
Multiple Alignments

Metagenomic analyses
Motif Tools

NGS: QC and manipulation
NGS: Mapping

NGS: BAM Tools

NGS: Picard

NGS: VCF Manipulation
NGS: SAM Tools

NGS: Peak Calling

NGS: Variant Detection
NGS: RNA Analysis
NGS: GATK Tools
LEfSe: LDA Effect Size

F) Plot Differential Features

E) Plot One Feature

D) Plot Cladogram

C) Plot LEfSe Results

A) Format Data for LEfSe

B) LDA Effect Size (LEfSe)

[

Format Data for LEfSe

Analyze Data Workflow Shared Data~ Visualization~ Admin Help~ User~

A) Format Data for LEfSe (Galaxy Version 1.0) w Options

Upload a tabular file of relative abundances and class labels (possibly also subclass and subjects labels) for LEfSe - See samples below -
Please use Galaxy Get-Data/Upload-File. Use File-Type = tabular

D& | 0O

Select whether the vectors (features and meta-data information) are listed in rows or columns

518: Remove beginning on data 517 -

Rows v
Select which row to use as class
#1:time v
Select which row to use as subclass

no subclass v

Select which row to use as subject

#2:#1D v

Per-sample normalization of the sum of the values to 1M (recommended when very low values are present)

Yes v

What it does

LDA Effect Size (LEfSe) (Segata et. al 2010) is an algorithm for high-dimensional biomarker discovery and explanation that identifies genomic features
(genes, pathways, or taxa) characterizing the differences between two or more biological conditions (or classes, see figure below). It emphasizes both
statistical significance and biological relevance, allowing researchers to identify differentially abundant features that are also consistent with biologically
meaningful categories (subclasses). LEfSe first robustly identifies features that are statistically different among biological classes. It then performs additional
tests to assess whether these differences are consistent with respect to expected biological behavior.

Specifically, we first use the non-parametric factorial Kruskal-Wallis (KW) sum-rank test to detect features with significant differential abundance with
respect to the class of interest; biological significance is subsequently investigated using a set of pairwise tests among subclasses using the (unpaired)

Using 5.8 GB
History C O [___]
MiSeq Data
140 shown, 378 hidden
812.58 MB v ® e

518: Remove beginning @ & X
on data 517

517: Concatenate datase @ 4 X
ts on data 508 and data
516

516: MiSeq Early / Late W AR
Metadata

515: Vegan Beta Diversit @ 4 %
y on data 507 (plot)

514: Vegan Beta Diversit @ 4 %
y on data 507 (output b
eta diversity scores no triangular)

513: Vegan Beta Diversit @ 4 %
y on data 507 (output b

eta diversity scores plot)

512: Vegan Beta Diversit @ 4 %

y on data 507 (output b
eta diversity scores triangular)

511: Vegan Beta Diversit
y on data 507 (Mean out
put mean beta diversity index)

@ & X




Plot LEfSe Results

B Early [ Late

I I I I I
' : Bacteroidales

Proplonlbacterlales
Bacnllales
Thermoanaerobacterales
Micrococcales
Cytophagales
Bifidobacteriales
Entomoplasmatales

Acholeplasmatales.
Enteroba’cteriales :
Pseudomonadales

Verrucomlcroblales

_ Clostridiales

| | | |
—0.0 —4.8 —3.6 —2.4 —1.2 0.0 1.2 24 3.6 48 6.0

LDA SCORE (log 10)




YIIPHINCH

Visualization: Phinch

36: Convert BIOM on dat
a 1 and data 35

@ & X

Biological Observation Matrix v1
format: biom1, database: ?

20 2 |

view biom at Phinch
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ithub.com/blankenberg/Phinch

http://www.bx.psu.edu/~dan/Phinch/


https://github.com/PitchInteractiveInc/Phinch
https://github.com/blankenberg/Phinch
http://www.bx.psu.edu/~dan/Phinch/

Overview

e Brief Introduction to Metagenomics
e Doing It
e Challenges, Solutions, and Future Work



Decreasing load times for list of saved histories

e Operations that can be done in the Database
should be done in the Database

gg on - 3-17-2015 - kraken and filter and Mar 17,

join on single read - set database 0 Tags Accessible 60.5 GB 2016 il £3, 035

HMR16STR chimera search then kraken and Jan 15,

109.6 CB n22,201
filter and join on single end 2016 Jan 22, £93b

changes from all commits ¥ 1 changed file v +16 -11 EEEE Diff options ~

Issues 451 Il Pull requests 42 Graphs Settings

27 mmmm lib/galaxy/webapps/galaxy/controllers/history.py

Use database query rather than dataset iterati e T
dataset c... B

'error' : 0,

}
dannon merged 5 commits int0 galaxyproject:dev from jgoecks:history-grid-state: WP UL sl el ol et

if hda.visible and not hda.deleted and hda.state in state_counts.keys():
state_counts[ hda.state ] += 1

[Q Conversation 2 O- CO(‘.T'“ is 5 - itlac ¢ naed states_to_show = ( 'ok', 'running', 'queued', ‘error' )

state_counts = dict( ( state, count ) for state, count in
trans.sa_session.query( model.Dataset.state, func.count(model.Dataset.state) )

.join( model.HistoryDatasetAssociation )

.group_by( model.Dataset.state )

.filter( model.HistoryDatasetAssociation.history_id == history.id,
model.HistoryDatasetAssociation.visible == true(),
model.HistoryDatasetAssociation.deleted == false(),
model.Dataset.state.in_(states_to_show) )

Jjgoecks commented on Mar 17

...ounts in saved histories grid. In my testing, speedup is 4-10X.

rval = "'
for state in state_counts.keys():
for state in states_to_show:
count = state_counts.get( state )
if count:
rval += '<div class="count-box state-color-%s'>%s</div> ' % (state, count)




Multiple History View

e Fast view across many histories

e Drag and drop to copy Datasets

= Galaxy / Dan's Brubeck Playgroundiz: oaa  workflow

Done

HMR16STR upload fasta

37.8 GB

5035: SRS066188.fsa

5034: SRS066144.fsa

5033: SRS065725.fsa

5032: SRS065719.fsa

5031: SRS065718.fsa

5030: SRS065711.fsa

5029: SRS065701.fsa

5028: SRS065685.fsa

5027: SRS065676.fsa

5026: SRS065675.fsa

5025: SRS065669.fsa

5024: SRS065666.fsa

5023: SRS065665.fsa

5022: SRS065656.fsa

v ® ®

@ & X
@ & X
@ & X
@ & X
@ & X
@ & X
@ & X
@ & X
@ & X
@ & X
@ & X
@ & X
@ & X

@ & X

Switch to

Copy of 'HMR16STR upload fasta’

29.74 GB

4076: SRS054236.fsa

4075: SRS054232.fsa

4074: SRS054219.fsa

4073: SRS054126.fsa

4072: SRS054121.fsa

4071: SRS054112.fsa

4070: SRS054108.fsa

4069: SRS054094.fsa

4068: SRS054072.fsa

4067: SRS054065.fsa

4066: SRS054043.fsa

4065: SRS054039.fsa

4064: SRS054007.fsa

4063: SRS053956.fsa

4062: SRS053925.fsa
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Shared Data~

® e

Visualization~ Admin

Switch to

Copy of 'vegan on 434 pairs'

11.67 MB

79: Vegan Rarefaction on data 1 (R
script)

78: Vegan Rarefaction on data 1 (R
andom rarefied community matrix)

77: Vegan Rarefaction on data 1 (p
lot)

76: Vegan Rarefaction on data 1 (s

lope of curve)

75: Vegan Rarefaction on data 1 (s
pecies probabilities)

74: Vegan Rarefaction on data 1 (e
stimated richness)

73: Vegan Rarefaction on data 1 (f
requency of species)

72: Vegan Rarefaction on data 1 (n
umber of species)

71: Vegan Rarefaction on data 1 (R
script)

70: Vegan Rarefaction on data 1 (R
andom rarefied community matrix)

H€|pv

69: Vegan Rarefaction on data 1 (p
lot)
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Using 9.5 TB

History

HMR16STR upload fasta

37.8CB

5035: SRS066188.fsa

Using 9.5 TB
Create new
Switch to v Switch to
Copy of '434 Pairs - GG - Abundances @ P' 434 Pairs - GG -,
94.99 KB ® e 94.99 KB

© : loading datasets... © - loading dat



Dataset Collection Operations

Collection Operations (Limited)
martenson merged 10 commits int0 galaxyproject:dev from jmchilton:fewer_collection_opts 15 days ago

(v Conversation 13 0- Commits 10 [#) Files changed 31

jmchilton commented 28 days ago Galaxy Project member

Overview

This PR introduces Tool-derived framework-level plumbing for dealing collections at the model level
instead of at the file level, allowing operations that generate new HDAs and collections without duplicating
Dataset objects. Together operations vastly expand the expressiveness of Galaxy workflows.

The Collection Operations:

Zip (two datasets -> paired collection). Like all these tools, it can be mapped over - so it can easily be
used to take two dataset lists and build a list of pairs for instance.

Unzip (paired collection -> two datasets).

Filter failed datasets (list -> list). Given a list it produces another list without any failed datasets. (Most
commonly requested of these operations.)

Flatten collection (* -> list). Produces a flat list from any collection, joining identifiers on user supplied
character.




Naming of Datasets

Concern
e Default Galaxy names lose Sample names
(Tool xyz on Dataset 1,2,3,4)

Solution
e Dataset Collections have an Element
Identifier that is maintained throughout jobs
e Tools that make use of S{dataset.name}
should now use S{dataset.element_identifier}



Future Work: Scaling Up

e Viewing Large Histories
e Pagination
¢ |nfinite Scrolling
e Dataset Bundling

Ul: Infinite scrolling for history contents

e Uploading Large Collections
e Better handling of selecting many files
e Importing multiple files from an archive
e Provide a manifest file that instructs Galaxy
to build a Collection



Additional Options Available: Mother

galaxyproject / tools-iuc @® Unwatch~ 25  yStar 25

Code Issues 78 Il Pull requests 41 Pulse Graphs Settings

mothur: update make.contigs to use paired collections

shiltemann wants to merge 1 commit into master from mohtur-updates

;v Conversation 0 0- Commits 1 [#)l Files changed 1

a. - E shiltemann commented 3 days ago Galaxy Project member Labels
a None yet

No description provided.

Milestone

ﬂ update make.contigs to use paired collections Verified No milestone

Assignees
ﬁ n shiltemann referenced this pull request 3 days ago

Y Fork 74

+15 -8 IEEN

No one—assign yourself

IUC Contribution Fest - Metagenomics and mothur #419

0 of 8 tasks complete
1 participant

Add more commits by pushing to the mohtur-updates branch on galaxyproject/tools-iuc. h !




Additional Options Available: Qiime

WIP: Add Qiime wrappers

bgruening wants to merge 76 commits int0 master from gqiime

;54 Conversation 39 -0- Commits 76 [#) Files changed 72 +8,002 -1 mEEN

bgruening commented on Nov 30, » edited Galaxy Project member Labels

missing tests

This is our WIP PR during the metagenomics hackathon i
wip

edit Saskia:
..and the GCC2016 hackathon. Milestone

No milestone
Resources:
Qiime script documentation: http://giime.org/scripts/index.htm|
Qiime github repo: https://github.com/biocore/qiime Assigness

Qiime test data in github repo (folder giime_test_data) No one—assign yourself




Additional Options Available: FROGS

FROGS: Find Rapidly OTUs with Galaxy'! Solution

Frédéric ESCUDIE*, Lucas AUER*, Maria BERNARD, Laurent CAUQUIL, Katia VIDAL, Sarah MAMAN, Mahendra MARIADASSOU, Guillermina

HERNANDEZ-RAQUET, Géraldine PASCAL

*These authors have contributed equally to the present work. Contact: geraldine.pascal@toulouse.inra.fr

O °
OO O O QO High-throughput

Bioinformatics data

Analys
[

communities

, sequencing
es of bacterial

165/18S RNA
O amplicons

Illumina data,
sequenced

great depth

processing

‘9000

User-friendly il

o

E

Pre-process FROGS Pre-process x

U

Clustering

Archive file

dereplicated_file (fasta)

count_file (tabular)

summary_file (html)
FROGS Clustering swarm
Sequences file

Count file

abundance_biom (txt)

seed_file (fasta)

U

Chimera

"

Filters

y

Affiliation

swarms_compeosition (tabular)

FROGS Remove chimera
Sequences file

Abundance file

non_chimera_fasta (fasta)

out_abundance_biom (txt)

out_abundance_count (tabular)

summary_file (html)
FROGS Filters x
Sequence file (Fasta)
Abundance file (BIOM)
excluded (txt)
fasta_output (fasta)
web (html)
biom_output (txt)

krona (html)
FROGS Affiliation OTU

OTU seed sequence in fasta
format

OTU abondance in biom format

)

-

OTU_1 Bacteria;chlorobi

OTU_2 Bacteria;firmicutes

Core workflow

Upload File

12 895 54

0

FROGS

x

out1 (bam, tet, fastasanger,
csfasta, qual, bed, off, gtf, vcf, sam,
fasta, pdf, xsq, tar.gz, bw, png)

To merge paired-end reads : Flash
Trimming: Cutadapt

summary_file (html)

Denoising and Clustering with
local threshold:
SWARM

Efficient Chimera Removal :
VSEARCH 2!

A wide choice of filters.

We advise to filter OTU
abundances at 0.005% [7].

Double taxonomics affiliation
RDP classifier B until species.
Rlast+ 4] with multi snhecies

FROGS Pre-process %

FROGS Clustering swarm
Sequences file

Count fila

x

= complete analyze

FROGS Remove chimera »® FROGS Filters %

Sequences file Sequence file (Fasta)

Abundance file Abundance file

abundance_biom (txt)

seed_file (fasta)

svarms_composition (tabular)

Pre-process

Clustering

Demultiplex reads

Barcade file

Select fastq dataset
demultiplexed_archive (data)
undemultiplexed_archive (data)

summary_file (tabular)

(BI1OM)
non_chimera_fasta (fasta)

Fad Raply OTU il Galaxy. Soluton

FROGS Affiliation OTU

OTU seed sequence in fasta
farmat

OTU abondance in biom farmat

cluded (bet)

out_abundance_biom (bxt) sxelugad (b

fasts_output (fasta)

out_sbundanca_count (tabular) =sta_output (fasta)
b (htmi)

summary_file (html) web (el

biom_output (bxt)

krona (html)

Chimera

FROGS Abundance
normalisation

FROGS Clusters stat %

Abundanes fila
Sequences fasta file - o

Abundance BIOM file
output_t
output_fasta (fasta)

summary_file (html)

Great graphics outputs

@

biom_affiliation (txt)

summary_file (html)

Affiliation

Filters

FROGS BIOM to TSV X
Abundance fila
Sequancas file

(tabular)




Take Home

e You can do metagenomics with Galaxy
e Many different modules to swap in and out
e You can do large-scale multiple sample analysis
with Galaxy
e 500 Samples are no problem
e 5,000+ Samples through API
e Client-side is under active development
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Watch out for Drop Gators!

http://www.winknews.com/2016/07/06/spotted-in-cape-coral-an-alligator-in-a-tree/



