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1 INTRODUCTION

1.1 Galaxy Genome Trakr Information

The GenomeTrakr program currently supports whole-genome sequencing (WGS) of foodborne
pathogens at more than 25 state public health and academic laboratories. The network of laboratories
now routinely generates more than 1,000 isolates each month for isolates origination from food,
environmental, and clinical sources.

GalaxyTrakr.org was implemented to allow laboratories to locally perform quality assessment of their
sequence data and look for links between clinical isolates and positive food/environmental samples.

Galaxy, an open-source commercial license free platform, will be used as a packaging tool, GUI, and
hosted runtime environment for bioinformatics software projects that will be leveraged by state and
local labs.

1.2 Purpose

The purpose of this document is to outline the critical information for all end users that leverages
GalaxyTrakr.org.

2 ONBOARDING

This section outlines the onboarding information required to gain access to the GalaxyTrakr.org
environment.

2.1 Initial Access

The purpose of this section is to detail the password change procedure, which is required to be
completed prior to first login. Please complete the following steps once initial login information has
been received:

1. Open a browser to https://galaxytrakr.org.

2. Click on the Register Here link



https://galaxytrakr.org/
https://account.galaxytrakr.org/
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Welcome to Galaxy, please log in

Public Name or Email Address

Password

B8 Secure | https://galaxytrakr.org

Xy l GENOME TRAKR Analyze Data

Login
s ()
Hello, Galaxy is running!

Don't have an account? Register here.

Figure 1 - Galaxy Trakr Registration Link
3. Complete the form displayed and click the “Create” button.
4, An email will be sent to validate the email address used. Click on the link in the email to validate
the email address to gain full functionality of GalaxyTrakr.

2.2 Access to GalaxyTrakr.org

Please complete the following to gain access to Galaxy Genome Trakr.

1. Open a browser to https://galaxytrakr.org.
2. Enter username and password and click Login.
See Figure 2.

Welcome to Galaxy, please log in

Public Name or Email Address

Password

Forgot password? Chck here to reset your password,

Login

Don't have an account? Register here.

Figure 2. Username and Password
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3 USING GALAXY- QUICK START GUIDE

The following section provides instructions on how to get started with Galaxy tools deployed in
GalaxyTrakr.org.

3.1 Create and Name a History

Once logged into GalaxyTrakr.org, please follow these steps to create and name a history in SeqSero:
1. On the top right corner, click the cog ( £ ) icon.
2. Select Create New.
See Figure 4.

= Galaxy / GENOME TRAKR ; - Visualizat - - Using 2.3 GB
Tools kA Histers ~Am
) - el Saved Historie
Hello, Galaxy is running! aved Histories
FDA Tools Unn:z Histories Shared with Me
Get Data To customize this page edit 7sh0  CURRENT HISTORY
send o e
Text Manipulation static/welcome.htm. Copy History
Filter and Sort 10:5 Sh. Publish
i figuring Galaxy » Installing Tools » are or Fupls
oin, Subtract and Group Configuring Y ]
= . 9:Sp,  Show Structure
Convert Formats (fast  gxgract Workflow

Extract Features Dell
. = 8:Sp  Delete
Get Genomic Scores Take an interactive tour: Galaxyu | History
Delete Permanently
Fetch Sequences Scratchbook

ATASET ACTIONS

Fetch Alignments

. Copy Datasets
Phenotype Association 6:SP. Y
Dataset Security
NGS TOOLBOX BETA A= e — ) : 5:5R  pesume Paused Jobs
i’ e alaxy is an open platform for supporting data intensive research.
NGS: QC and manipulation
titlatics Galaxy is developed by The Galaxy Team with the support of many  4:SR  Collapse Expanded Datasets

contributors. Unhide Hidden Datasets

Graph/Display Data Delete Hidden Datasets

FDA Tools The Galaxy Project is supported in part by NHGRI, NSF, The Huck Institutes Purge Deleted Datasets
of the Life Sciences, The Institute for CyberScience at Penn State, and lohns

Workflows Hopkins University. DOWNLOADS

= All workflows Export Tool Citations

Export History to File

Import from File

Figure 4. Create a New History

3. To name your history, click Unnamed History on the top right of the screen and type a new
name.

4. Press Enter on your keyboard.
See Figure 5.

= Galaxy / GENOME TRAKR 2nalyze pata g Yata ) - - Using O bytes
Tools L History c4m
reh tools i i .
SEAr e Q) Al Hello, Galaxy is running! search datasets )
- - - 4 Unnamed history
Get Data To customize this page edit static/welcome.html
(empty) e

Text Manipulation Configuring Galaxy = Installing Tools » ) This history Is empty. You can
Filter and Sort load vour own data or get data
2oin, Subtract and Group ‘om.an extarnal soutce
faneeit Faomats Take an interactive tour: sisc ul | History | | Scratchbook
Extract Features

Figure 5. Change the History Name
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3.2 Upload Data

3.2.1 Use the Galaxy API (with provided Python Script)

To upload data using the Galaxy API, setup, install and use the GalaxyTrakr python script using the
following instructions:
1. Follow the guide for this located at https://galaxy-genometrakr-docs.s3.us-east-
1.amazonaws.com/userguides/Galaxy Upload APl pdf
2. The python script and necessary python libraries can be downloaded from https://galaxy-
genometrakr-docs.s3.us-east-1.amazonaws.com/software/gtupload.zip

Highly recommend using a Python virtual environment for installing the python libraries to use for this
script. Provided is an example script that can list your histories and upload a set of files to the specified
history. Example usage:

e List Histories. Replace apikey with APl key generated previous step.

python gtupload.py --galaxy_url https://galaxytrakr.org --api_key apikey --action list_histories
o Upload data. Replace apikey with API key generated previous step and a history id in your account.

For —files specify the path to the files.

python gtupload.py --galaxy_url https://galaxytrakr.org --api_key apikey --action upload --history_id
"56dfceb94881c7a4" --files "filel" "file2"
e Itis also possible to upload multiple files at a time that are in a folder like the following:

python gtupload.py --galaxy_url https://galaxytrakr.org --api_key apikey --action upload --history _id
"facccc9652alabfc" --files test/*.txt


https://galaxy-genometrakr-docs.s3.us-east-1.amazonaws.com/userguides/Galaxy_Upload_API.pdf
https://galaxy-genometrakr-docs.s3.us-east-1.amazonaws.com/userguides/Galaxy_Upload_API.pdf
https://galaxy-genometrakr-docs.s3.us-east-1.amazonaws.com/software/gtupload.zip
https://galaxy-genometrakr-docs.s3.us-east-1.amazonaws.com/software/gtupload.zip
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3.2.2 Use the Web Interface

To upload data to your new history, follow the steps below:
1. Click onthe downloadicon (;';) on the top of the left menu.
2. Select Choose local file from the pop-up menu and navigate to your desired file.
See Figure 13.

Download from web or upload from disk

Eegules | Comooslte  Eellectivn

Type (ot all): = Ganoema (set all): Addiional Seecies A

LI choose Socal file | (F Paste/Feich data

Figure 13. Choose local file

3. Select the paired end read files to be used and click Open.
See Figure 14. Please note that files can also be dragged into Galaxy from your file explorer.

=] FTO00 51,8001 K1 01 sty
2 PO 4001 K2, 001 favty

% ot AEA
L g HAFDSW

18 Pasiects (i =

Fleame PTC0E 5 A0KLR2, 001 fastq “BTE00L 54 L0 K061 farig

Figure 14. Select a local file

4. Click Start to begin uploading your files to the Galaxy server.
See Figure 15.

10
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Download from web or upload from disk

Faegufar | Comessite  Coliection

Pluase wait...2 out of 2 remaining.

Name size Type Genome

LCIPTCO0I_SIL001RI.  BIGBME  aut=detn o+ Additional £5
001 fastg

LIPTCO02 510001 R BIZGME  autc-déle v e ddditional 5o v

Type [set all): Aisto. datect . Asditionat Species A

Pause | moser

Figure 15. Uploading files into the Galaxy server

Figure 16 below depicts uploads in progress.

Download from web or upload from disk

Begular | Composty  Coliection
Pease wat._.1 out of & remaining,
Mame size Type Genonve Settings Status

LCIPTENOZ SI_LOOLRL. 3168M8  amndetn. » O  —— sddtensdsn o« e T
001 fastg

LLPTCO0Z SILEOERT. 3176 M8 dutodete » O ns Y [
001 fasty

Tirpar (st all): Auta-detect - Genome (st all): Additional Speches A

Figure 16. Data upload in progress

Once completed, the files will be visible in the history. This can be seen on the right side of the
screen. See Figure 17.

= Galaxy / GENOME TRAKR

FOATuols Hello, Galaxy is running! Naw_pastary
To customize this @ edit static/welcome.html ==
Senil Data i is pag s ie/welcome.html b e

1z Manipuiation
o e EEEEEETT . .sn

Join, Subiract and Groun
Canvert Formats
Extract features Take an INLeractive toUr: cusn ut | ey | samcsmt 2 x

Fetch Asgnients

MR TOGL AT BETR Galaxy is an open platform for supporting data intensive research, Galaxy is developed by The Galaxy Team with the suppert
MaE: 0c B of many co

Statistics
Graph/Risslay. Rata
ERATushs
Workflows

+ Al et

Tha Galaxy Progsst be supportod in part by IHGAL NSE, The Huck Institites of S Ute Ssiances. The nstitute for Ciba:Science at oo State. and Johas Hopkins Universty:

Figure 17. History View
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3.3 Change History

When working with multiple histories, it is easy to switch back and forth. Please use the following steps

to change histories:
1. Click the bookicon ( [1I) in the upper rightcorner.
2. Select the history you would like to use by clicking Switch to.

See Figure 18.

= Galaxy / GENOME TRAKR
= v gE———

Q| cearch 1 dataset o -

Swibch to

Nerwe_histary Unnamaed Ristary
534,38 ME B % ® | 1303sMe ¥ .

L:SRR119B65] 1fastq - F o

Figure 18. Switch to a different history

3. Click Done.
See Figure 19.

= Galaxy / GENOME TRAKR

S —— — (g—— o -
= | Selchin

Nerwe_histary ramed history

534,38 ME B % ® | 1303sMe ¥ .
parch dataset o a

L o L= SRR119665]_L.fastq - F o

& ® 4

EIC002 53 LOOL B2 001tastq

b * 4 on

EIC002 S3 1001 R1 001.fastq

Figure 19. Finalizing history selection

3.4 Share a Data Set

Follow the below steps to share a data set:
1. Make sure the current library contains the data you want to share.

2. Click Shared Data and then click Data Libraries.
See Figure 20.

Figure 20. Data Libraries

12
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3. Select the library that the data set will be shared with.
4. Createanew folder.
See Figure 21.

| = Galaxy / GENOME TRAKR

Create New Folder
DATA LIBRARIES 0 ‘I] .. showing 1of1items | include deleted | +B8 | +B~ | & to History
‘ & Download ~ % Delete @ Details © Help
‘ Libraries Food and Drug Administration (FDA)
\
name |% description data type size time updated (UTC) ‘
\
\ (i Sub Share folder 2017-08-14 04:47 PM PR ")
\
0 2 showing 1 of 1 items
|

Figure 21. Create New Folder

5. Enter a name for the new folder.
6. Click the +dataicon (+l ) and select from History.
See Figure 22.

= Galaxy / GENOME TRAKR

DATA LIBRARIES « |0 |I| 2 | » showingOofQitems +m | +K~ @ Details @ Help

Libraries ' Food and Drug Administration (FDA} | data_folder

from User Directory

name |4 description data type size time updated (UTC)

This folder is either empty or you do not have proper access permissions to see the contents. If you expected something to show up
please consult the library security wikipage or visit the Galaxy support site.

0 D 2 » | showing 0 of 0 items

Figure 22. Add data set from history

7. Select the desired data sets and click Add.

13
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3.5 Import and Queue Data Sets to History

This section details the necessary steps to retrieve and execute data sets from participating Galaxy
Genome Trakr collaborators. This function enables approved users rights to access both new and
archived data sets on-demand.

To import and queue data sets to history, follow these steps:

1. Onthe GalaxyTrakr.org home page, select Shared Data.
See Figure 23.

= Galaxy / GENOME TRAKR

= [ e e ] [ story cem

o ras AnEns -}
EOA Xoniy Hello, Galaxy is running! Unnamaed history
JRRE IR, {ompty) - -
HSend Data To customize this page edit static/welcome.html =

Text Manipulation [ This Rhtory s smety. voucan |
o Coniguring Gatssy » | nstaiing Tooks » | I e e
Jerins, Subitraet and Grous | AR AL R 1]
Conuert Formats

Extract Fealuins Take an interactive tour: | csiey o1 || st w | | Beratenbonk
Gt Ganomic Scores

Faich Sequances

EtchAlignasnts

Phanotyme ASSociation

LDOX DETA Galaxy Is an open platform for supporting data Intensive research. Galaxy Is
and ol pulstion developed by The Galaxy Team with the suppert of many cantributors.
Statistics
Graph/Display Data
FOA Tools

The Galaxy Project stutes of the Lite Sciences,
o e at Pay

Wkl

= Al warsfiews

Figure 23. Shared Data

2. Select Data Libraries.
See Figure 24.

| = Galaxy / GENOME TRAKR

Taols X

Histary & oM

£fA.Tonls Hello, Galaxy is rum Unnamed history
Get Data

Saiel Diata To customize this page ed
Taxt Manisulation

Filter and Sort

Join, Subtract and Grous
Convert Farmats

Extract Features

-html

Get Genamic Scores
Estch Sequences
Fateh Alignments

Galaxy Is an open platform for supporting data Intensive research. Galaxy Is

developed by The Galaxy Team with the support of many contributors.

o
NGS5 QC and manipulation
Statisties

Graph/Display Dats

FOA Tools

T Husk Insstutes of the Lifs Soences, The tnattute fer

workflows
= Aul warkfows

Figure 24. Data Libraries

3. Select your target Laboratory Library from Galaxy Data Libraries page.
See Figure 25.

14
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Galaxy / GENOME TRAKR

DATA LIBRARIES 1] showing 11 of 11 libraries | Sea Include deleted |+ Nisw Libeary

namelt description synopsis

Rivlsion of Conseildate Laoratory Servicas Laboratory Library Toal Analysis - Development and
imalementation of DCLS pipelines into Galaxy
Eools,

Flerida Department of Agriculture and Consumer Services, Laboratory Library WGS Datz Analysis

Divlsion of Food Safety, Bureau of Food Laboratories

Foed 2ad Drug Administration (FRA) FOA Ubrary WGS Data Analysis

Food and Crug Laboratery B-a.—<h‘..lc‘-'. Dept of Health Laboratory Library WGS Data Analysis

Massachysers Department of Public Health Labaratory Library WGS Data Analysis

Mew York State Dept of Agricultura and Markets, Food Lab Laboratory Library WGS Daka Analysis

Dhis Animal Digeass Diagnostic Labaratory Laboratory Library WGS Data Analysis - Illumina MiSeq

Pann State Laboratery Library Tool Analysis - Integration of Genome

Epidemiology tools. SNP Analysis, Phylogenstic
Tree Construction, Gene ldentificat...

Texas Departroent of State Health Services Laboratery Liorary Tool Analysis - Salmonelia Serotype prediction
and Cluster Analysis for food-barne and
healthcare associated infectious ...

\irginia State Laboratory Laboratory Library WGS Data Analysis
Viashington State Depariment of Health, Public Health Laboratory Library WG5S Data Analysls - Salmanella, Listeria and E.
Laboratories call

s

%N NN
K K K B K K

Figure 25. Galaxy Data Libraries

Select the checkbox to the left of the Target Data Folder.
See Figure 26.

= Galaxy / GENOME TRAKR

DATA LIBRARIES [x] showing & of 1 kems Ll incluce delesed | +88 | #B | B toHistory | & Download » || % Delste || @ Detais
Liorariss
name 14 description data type size time updated (UTC)
o [ s s foldar 2017-08-14 04:47 PM
] shawring 1 of 1 items

Ltk

Figure 26. Target Data Folder

Once the data folder is selected, click the Import Selected Datasets into History button.

See Figure 27. This will add the data to your Pending Queue on the Galaxy Genome Trakr home

page.

Galaxy / GENOME TRAKR

DATA LIBRARIES 1 showing 1 o 1L tems Ll inciude deleted  +M | +M || @ o History || & Download « || x Delsts | @ Detaile
Lsraries
nams |3 description data type size time updated (UTC)
.

m shawing 3 of 1 items

Figure 27. Import Selected Datasets into History
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6. Select an existing history for the data set to be imported into.
See Figure 28.

Import inte History

Select history:  Unnamed history

oF create new:

Import || Close

Figure 28. Select an existing history

7. If one does not already exist, create a new history by entering in a unique and identifiable
history name.
See Figure 29.

Import into History

Swloct histary: Unnamed histery

or create new: |jame of the new history

Import || Close

Figure 29. Create a new history

8. Click Import.

9. Once you select import, the data set is visible on the Galaxy Genome Trakr home page on the
right side of the screen.
See Figure 30.

= Galaxy / GENOME TRAKR

Toals - 3 History scem

search tools o search datasats Q
DA Tooks i ing!

= Hello, Galaxy is running! unnamed history
- ¥ i 1 showt

Send Data To customize this page edit atatic/welcome.html T
I 130,35 MB % .
axt Manipulation
2gin, Sublrost and Group
Sonwert Farmats
Extract Eeatures Take an interactive tOUr: calaw u1  Hstory | Soratchbeok
Gt Genomic Scores
Exich Sequences
Estch Agnments

Phenotype Assockation
e R Galaxy is an open platform for supperting data intensive research. Galaxy is developed by The Galaxy Team with the support

1GS: G and manipilation of many cantributors.
Statistics
Gragh/Bisplay. Bata
FDA Tools
Workflows

* Mlmockfions

The Galaxy Project is supported in part by HMGRL NSF, The Huck Institutes of the Life Sciences, The Institute for C ignce at Penn State, and Johns Hopking University.

Figure 30. Visible Data Set
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4 SEROTYPE PREDICTION WITH SEQSERO

SeqgSero uses whole genome sequence (WGS) data to predict Salmonella enterica serotypes. SeqSero
achieves such through the following:
e Maps read to database of antigen alleles using Burrows-Wheeler Aligner (BWA) in multiple
steps.
e Chooses alleles best mapped-to by the most reads.
e Uses Basic Local Alignment Search Tool (BLAST) to clear up ambiguities.
o Allelicantigen profile is matched to Kaufmann-White serotypes, where known.

Follow the steps to execute a SeqSero run:
1. Inthe left navigation pane, click NGS: Screening and Prediction.
See Figure 31.

= Galaxy / GENOME TRAKR

Tools X

search tools [x)

Get Data

NGS TOOLBOX

NGS: QC and manipulation
NGS: Assembly

NGS: Screening and Prediction

UTILITIES
Graph/Display Data
Text Manipulation

Join, Subtract and Group

Workflows
= All workflows

Figure 31. GenomeTrakr Tools

2. Click SeqSero Batch — Paired-End Reads.
See Figure 32.

MGS: Screening and Prediction

SegSero Batch - Paired-End Reads
Salmonella Serotype Prediction
from Paired-End Reads

ARRBirare | igr

Figure 32. SeqSero Batch — Paired-End Reads
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Select the pairs of desired sequencing runs and click Execute.
See Figure 33.

Figure 33. Select runs and Execute

If the run was successful, you a notification displays.
Click the eye icon ( @) at the upper right box to view a table of your results.
See Figure 34.

=

4 | () galaxyravencloudhpe.com 8080 € Q. fret serotype > B 9 A =
= Galaxy / FDA-CFSAN Analyze Data
Tools L SegSero Results History fo - 0]
Q i : o
h ) [Predicted .
FDA Tools Input Files Qantigen  |H1 f,““sc"mm 2 “““F“mm antigenic ::‘m“'?s) (Jobn1
Map with BWA - map short i \profile Sl 40 shown, 4 deleted
reads (< 100 bp) against .
reference genome g::::t*;g;*;;g;zg‘;gg::z 10-4 i ‘ 12 Typhimurium 534 Ge E% e
Map with BWA-MEM - map O - ) . Pk s4Seqser0Bach- @ 4 x
medium and long reads (> 100 gauw:,;ngiléﬂggzzrwq 10-8 Ly [l 2 Ea( ::—a '}:,r Paired-End Reads on
‘bp) against reference genome ataset_9_: dasig o data 42, data 41, and others
Kraken-report view a sample :"‘_"‘f“fl‘sﬂfﬁkg - 19“54‘?’_“‘ 07 Ik ‘15 15 Thompson 7 lines
report of your classification dataset_158_SRR1198854.fastq | format: txt, database: 7
Ko mpac cuport view repoxt e 04 i ‘ 12 i1 2 Typhimuriom | || cLASSPATH=frs/ewfapes
of classification for multiple Oatmaet. 162 SREVSI3079 Saty | Piatcayvarscaris 2.0
samples dataset_159_SRR3933080.fastq N [VarScan.v2.3.9.jar ;export
e dataset_160_SRR3933080 fastq 08 ! o Pt Feotucky CLASSPATH;LOADEDMODULES=gala
Reads Saimanella Serotype dataset_202_SRR3933081 fastq Iy ; 12 lisis ERT G
Prediction from Paired-End dataset_203_SRR3933081 fastq g e i ; AR
L= Jbin'lnhlsww!sm-hlbin'lnfl
Get Data /sw/apps/spades/spades-
Send Data 3.9.0/bin:/nfs/sw/apps/sratoolkit
Text Manipulation
Filter and Sort O ? LN
loin, Subtract and Group iles  0_antigen_predictior
Convert Formats dataset_284_SRR3933082.fastq datasel
Extract Features dataset_10_SRR1202985. fastq dataset
Fetch Sequences dataset_157_SRR1198854.fastq datasel

Figure 34. SeqSero Results
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5 GENOMIC ASSEMBLY WITH SPADES

SPAdes (St. Petersburg genome assembler) is a high-performance de Bruijin-graph assembler for single
or multi-cell libraries with single-end, paired-end, or mate-pair layouts. SPAdes produces draft
assemblies useful for genomic annotation, antibiotic resistance prediction, and other gene-finding tasks.

Follow the steps below to use the SPAdes Genome Assembler:
1. Oncedatais uploaded into Galaxy Genome Trakr, access SPAdes, which is located under the
NGS Toolbox.
2. Select NGS: Assembly and then click SPAdes.
See Figure 35.

NGS TOOLBOX
NGS: QC and manipulation
NGS: Assembly

SPAdes genome assembler for
regular and single-cell projects

Quast Genome assembly Quality

KES: Srraaninn and Pradictinm

Figure 35. Locating SPAdes

3. Select Library Type, Orientation, and Reads for your genome assembly.
Note: It is possible to select more than one library and file pairs.
See Figure 36.

= Galaxy / GENOME TRAKR

Figure 36. SPAdes Input
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4. Galaxy suggests default k-mer values of 21,33,55; you may either run with these values, supply
your own, or enable “Automatically choose k-mer values” to allow SPAdes to determine the
optimum length based on your reads data. This is typically the best option.

5. Atthe bottom of your screen, click Execute.

See Figure 37.

Galaxy / GENOME TRAKR

Tools | History
EDA Tols = *
Send Date =
Text Hanlnlatian 13400
Eitier ond Suc ey snly mate-pair it 3 1o Rt pensiuced # galmd . i it 1 [

Jain, Subtract and Groue PICOOZ 53 1001 B2 DLiasia
Ustrect Fratures. b 5
b B e PICOOZ 53 1001 R1 MLiasta
Esich Sequence:
Leich Alignments MNamopore resds
Ehenotyoe Association
NGS TOOLBOX BETA
WGS: O and manipulation
Statistics .
Graghi Disedan Data A ey
FIMA Toals
iBddes panoma avsmbies for
reguiar and singhe- cell projects
Lo Trusted contigs.
Wrkilows
* 8E orfigng
Untrestad contigs
Figure 37. Execute SPAdes
6. SPAdes produces the following files:
e SPAdes Log: A log of activity that shows everything SPAdes does.
See Figure 38.
Command line: History ca
| /nfs/sw/apps/galaxy/database/dependencies/_conda/envs/__ spades@3.9.0/bin/spades.py -0
/nfs/sw/apps/galaxy/database/jobs_directory/000/119/working --disable-gzip-output - search datasets c
careful -t 1 -k 21,33,55 --pel-fr --pel-1
fastg:/nfs/sw/apps/galaxy/database/files/000/dataset_159.dat --pel-2 Charles
fastg:/nfs/sw/apps/galaxy/database/files/000/dataset_160.dat --pacbio 13 shown
fastg:/nfs/sw/apps/galaxy/database/files/000/dataset_162.dat
3.13GB = % e

System information:
SpAdes version: 3.9.0
Python version: 3.5.3 13: SPAdes | ® & n
0S: Linux-3.10.0-327.36.3.el7.x86_64-x86_64-with-centos-7.2.1511-Core

957 lines
Output dir: /nfs/sw/apps/galaxy/database/jobs_directory/000/119/working format: txt, database: 7
Mode: read error correction and assembling
Debug mode is turned OFF CLASSPATH=/nfs/sw/apps/varscar
:export
Dataset parameters: CLASSPATH;LOADEDMODULES=gal:
Multi-cell mode (you should set '--sc¢' flag if input data was obtained with MDA (single- super ;export
cell}dtcchnoloqy or --meta flag if processing metagenomic dataset) LOADEDMODULES: PATH=/nfs/sw/|
Reads:

3.9.0/bin:/nfs /sw/apps/sratoolkit
Library number: 1, library type: paired-end / (LT
orientation: fr
left reads: ['/nfs/sw/apps/galaxy/database/files/000/dataset_159.dat’]

o -
right reads: ['/nfs/sw/apps/galaxy/database/files/000/dataset_l160.dat" ] Q2 ? .
LpterlaCEd Taadst not sp?c:lflgd Cormand line: /nfs/sw/apps/galaxys/c
single reads: not specified

Library number: 2, library type: pacbio base/files/@dd/dataset_159.dat  --¢

left reads: not specified

right reads: not specified

interlaced reads: not specified

single reads: ['/nfs/sw/apps/galaxy/database/files/000/dataset 162.dat']

Figure 38. SPAdes Log

System informaticn:

SPAdes versien: 3.9.9
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Spades Contigs (fasta): Unscaffolded contigs in order by descending length. Each contig
begins with a defline that reports length in bases and the estimated coverage depth.

See Figure 39.

This dataset s large and only the first megabyte is shown below.
Show all | save

>NODE_1_length_485118 cov_44.1279

AGTCGATCGCATGAATEGCCETTIGATCGATCTTCACCGECTCTTTGGTCAGTGCGTGGTCGGT
GCGTTAATCGTTAGCGCACTECECTGECTGACGGCAAMAGACGATACCATCGCCCGTCAG
CGCATCCTGCGCAGCATGTTTTITCTECTGECTGETCGATGGCACTGCEATTCCTCGCGTCE
ATTATGCATCTGGCTTCGCCEATGCCCECETTTAACTCGCTTARCCECGTAGGCGCTTCC
GCACTGAGTAATGAAATCGCCCCAGCGATCGCTGTITCTTTGCCCTAGCGCGGCATCTGETGE
CTGETGGCCETACTCCETARMATGCCCCCGCCGCTECETAMACTGTCGCTEGCTGGTCAGT
ATGGCGCTCGECGTTGCATTCATCTGGGCAATGACGCTCGTTTATCAGATAGATACCGTG

CCAACCTGGTATAATGECTACACCACGCTGGCCTTTTTCCTCACGGUATTCCTGTGEGGT
CCGETGTTTGCEECGCTACTECTACCCATCGCGCGCCTCCCATTTTCCAGCCTGACCTTT
GCCAGTATTAGCGGCCTGECATTGGTCETCTECETCACGGTCATCCTACTACAAGCACTG
TCTCTCTCAACCATTCACAGTTCCGTCCAACAGCGCCAGCCATCTCGCGCCGGATTACGGT
ATGCTACAGGTCTGGCECATTGTCTTGCTTGCTGCCGGATTAGGC TECTGGCTATGTCCG
CTAATCCGTCGCCGCGAACCGCATACCGTTGETTTGCTGCTCEGTGTCGTGCTGECGETG
GCACGCGAAATTATTGECCGCCEACTTTTTTATCGGCCTGCATATGACCGTAGGTATGGCC
GTCCCAGCTTAATTTATGCGTCCGGEECGACCCECACCTTTCCGGATTGTTTGAATGACC
ACTTTTTTACAACGTGATGATTTTGCAGTAACGCGCGCGTGTTCTTGECGCGTTGTTTTAT
TATTCGCCGGAAAGCCACGAMACCGCTCCTCTGETTCAGGCGCTATTAACCCGACGACTGE
CAGGCGCAGTGGCCGCTTEATGCCGAGGCGCTTGCECCTGTEECGGUTATGTTTARGACT
CACAGCGAAGAGTCGTTGCCACAGGCCTGGCAGCGTCTGTTTATCGECCCTTACGCTCTG
CCGTCTCCGCCETGEEETTCCETCTCCCTCCATCGTCAGAGCCTATTATTTGGCGATTCT
ACATTGGCGCTACGTCAGTGEATGCCCCARAACCGAATTCACTTTCAAATCCAGCARAAC
GAGCCAGAAGATCATTTTGGETCGCTCTTGCTACTGGCCGCCTCGGCTTGCCCAGAATGGE

search datasets €|

Charles 5
13 shown

3.13GB ™~ %4
13: SPAdes log & # R

12: SPAdes scaffolds @ & x
fasta)

11: SPAdes contigs (fa @ & x
sta)

175 sequences.

format: fasta, database: 7

CLASSPATH=/nfs/sw/appsfvarscan,
iexport
CLASSPATH;LOADEDMODULES=gala
super ;export
LOADEDMODULES;PATH=/nfs/sw/l2
3.9.0/bin:/nfs/sw/apps/sratoolkit

26 T ? LAt

Figure 39. SPAdes Contigs

Spades Scaffolds (fasta): Scaffolded contigs. SPAdes will attempt to use the paired-
end relationship between reads to orient contigs relative to each other along the
genome. Regions of unknown sequence between contigs (gaps) are bridged by

poly-N sequences.
See Figure 40.

This dataset is large and only the first megabyte is shewn below.
Show all | 3ave

>NODE_1_length_485118_cov_44.1279
| AGTGGATCGCATGAATGGCCGTTCGATCATCTTCACGGTCTTTCGTCAGTGCGT! TCG!

GCGTTAATCGTTAGCGGACTGEGCTGECTGACGGCARRRGACGATACCATCGCCCGTCAG
| CGCATCGTGCGCAGCATGITTTTICTETGGCTIGGTCATGGGACTCGGATTCCTCGLETCG
| ATTATGCATCTGGGTTCGCCGATGCGCGCGTTTAACTCGCTTARCCGCGTAGGCGCTTCC
| GCACTGAGTAATGAAATCGCCECAGGATCGGTGTTCTTTGCCCTAGGCGGCATCTGETGG
CTGETEECGETACTCGETARAATGCCCCCGEEGCTEEGETARAGTGTGECTGCTGGTCAGT
ATGGCGCTCGECGTTECATTCATCTGEGCARTGACGE TCGTTTATCAGATAGATACCGTG
CCAACCTGGTATAATGGCTACACCACGCTGGCCTTTTTCCTCACGGCATTCCTGTGUGGE
CCEETGTTTGCGECGC TACTGCTACGCATCGCGCGCGTCCCATTTTGCAGCGTGACGTTT
| GCCAGTATTAGCGGCCTGGCATTGGTECTGTCCGTGACGEGTCATCGTACTACARGGACTG
TCTCTCTCARCCATTCACAGTTCCGTECARCAGGCCAGCCATCTCGCGCCGEATTACGET
ATGCTACAGGTCTGGCGCATTETCTTECTTGCTGCCGGATTAGGCTGCTGECTATGTCCG
CTAATCCGTCGCCGCGAACCGCATACCGTTGETTTGCTGC TCGGTGTCGTECTGGLGCTG
GCAGGCCGAAATTATTGCCCGCGGACTTTTTTATGGCCTGCATATGACCGTAGCTATGGCC
GTCGCAGCTTAATTTATGCGTCCEGEECCGACCCGCACCTTTCOGGATTGTTTCAATGACC
i ACTTTTTTACAACGTGATGATTTTGCAGTAACGGCGCGTGTTCTTGGCGCGTIGTTTTAT

TATTCGCCGGARAGCCACGAARCCGCTCCTCTGGTTCAGGCGCTATTARCCGACGACTGG
CAGGCGCAGTGGCCGL TTGATGCCGAGGCGLTTGCGLUTGTGECGGCTATG TTTARGACC
CACAGCGAAGAGTCGTTGCCACAGGCCTGGCAGCGTCTGTTTATCGGCCCTTACGCTCTG
CCETCTCCGCCETEGEETTCCETCTCECTGCGATCGTCAGAGCCTATTATTITGCCGATTCT
| ACATTGECGCTACGTCAGTGEATECECCAMARCGGARTTCAGTTTCARATGCAGCARARS

GAGCCAGAAGATCATTTTGGGTCGCTETTGCTACTGEUGGCCTGGCTTGCCGAGARTGGE

CGTCATCATGAATGCGAACAACTCCTGGCCTEGCATC TGTTTCCGTGETCETCCCGCTTT
| CTEGACGTATTTATCGATCATGCCGGGCATCCGTTTTATCARGCETTGGGECAMCTGECE
CCTCTGACGCTCECGCAATGGCARGC TCAMCTCATTATTCCCCTCGCTGTAAAMCCGTTA
| TTCCGTTAATCCCCACAARRGCCAGGATTTTACCTGCCTTTTCTCCCATTGCGGCCTATT

TTTATCTACARAAAGTGACAACGTCACACCACGCTTCTATTTTTAAGATAATTCTTTATC

GTGAATGTTCACCCTAAGCCGCATAACGGCARAACATARTTGTTARTAGATCTTTAACAG

search datasets (x|

Charles S
13 shown

3.13CB & % e
13: SPAdes log @ | & n

12: SPAdes scaffolds @ ¢ x
fasta)

171 sequences

format: fasta, database: 2

CLASSPATH=/nfs/sw/apps/varscar
1export
CLASSPATH;LOADEDMODULES=gali
super ;export
LOADEDMODULES;PATH=/nfs/sw/l
3.9.0/bin:/nfs /sw/apps/sratoolkit

6 2 ? Lt ]
display with IGV local

>NODE_1_length_485118_cov_44.1279

AGTOGATOGCATGAATGGCCOTTGATGATCTTCAL
GOGTTAATCOTTAGLGLACTRGOCTELCTEALGRL
CGCATCGTGCGCAGCATGTTTTTTCTETGGLTGGT
ATTATGCATCTGGGTTCGCCRATGLGLGCGTTTAS

Figure 40. SPAdes Scaffolds
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e SPAdes Scaffold Stats: Provides the length of the Scaffold files.
See Figure 41.

name length | coverage

#name length coverage
NODE_1 59188 77.3447
NODE_2 45576 86.9273
NODE_3 36214 77.1701
NODE_4 34221 54.8056
Figure 41. Scaffold Stats

e SPAdes Contig Stats: Provides the length of the Contig files.
See Figure 42.

name length | coverage

#name length coverage
NODE_1 48007 80.6177
NODE_2 45576 86.9273
NODE_3 36214 771701

Figure 42. Contig Stats

Further information on SPAdes and its output can be found in the SPAdes manual:
http://spades.bioinf.spbau.ru/release3.9.0/manual.html
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6 ASSEMBLY CHARACTERIZATION WITH QUAST

Use the QUAST (Quality Assessment Tool for genome assemblies) to find the N50 of a genome assembly
and gather other metrics on quality and contiguity. QUAST can assess either contig or scaffold data in

FASTA format.
Follow these steps to assess an assembly with QUAST:

1. Select NGS: Assembly and then select QUAST. See Figure 43.
TS U dN0 MdnmT PO T TN

NGS: Assembly

S5PAdes genome assembler for
regular and single-cell projects

Quast Genome assembly Quality

MG € 2 ip licti
Figure 43. QUAST in the Galaxy Toolbar

2. Select one or more datasets.

Users can also chose to provide a reference assembly and/or gene annotation file (in GFF2/3

BED, or ASN.1 format). See Figure 44.
3. Select Execute.

QUAST can build quality statistics on both contig and scaffold FASTA assemblies. If multiple
assemblies are provided, QUAST will compare and rank them; this is a useful way to compare
the performance of assemblers.

= Galaxy / GENOME TRAKR
Tools k3

=] Imput assembiy files
L Imput assembly files

Anabyze Data
Cunst Ganome assembly Quality (Calery Varsion 4.5) = Optians
EDA Tools
GEL DA
Send Data.

Contigs /scaffalds outout file

B & © || 17 seades contigs (fastad
Type of data &

37: SPAdes contigs (fasta)

F Lniert Ingut wria] 74; SPAdes seatloion (fastal
Expmar Features
GEL GEnomic Seores
Fetch Seauences
Estch Alignements
Phenutyos Asseciation

NG5 TOOLBOX BETA

HCBY

WGE Assemihy
QuASE Ganama assembly Cuaality

NGS: S¢reening and Prediction

Workflows

= Alworkfiows

<

CLASSPATH= [ifs sw/apps/varsean/va
sexpor

CLASSPATH LOADEDMODULLS = galixy-
super ;enport
LOWDEDMOOULESPATH= infs /sw/1ang
3.9.0/ bin: infs /3w apgs/ seatootkit

ocC? - e
s lennslny ® 7 x
war

30 Quast reponiss

LAt

=,

Figure 44. QUAST configuration
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6.1 Outputs of QUAST

QUAST produces output datasets as follows:

QUAST Report.htmil:

Galaxy Genome Trakr User Guide

An interactive HTML5 report is produced with summary statistics and plots, including a

contig count, N50 (the contig length such that the set of contigs this long or longer contain
at least half of the bases in the assembly; a measure of assembly contiguity), G/C content,
and other metrics. Detailed explanations of the summary metrics are given as mouseover

tooltips. See Figure 45 and Figure 46 below.

T Galaxy / GENOME TRAKR

powtpr a0

QUAST

Ol Avannrsmnt Tood for Gamars Avssmbiies by (41

[l

MOmanmons e s x

MGy w4 x
o

Bominsin e/
2. Qe oy ./ E
8 Qs resmriint ./ x
AT T T
L e 45 dala £

0 giea 19 and mkeny
et s x
- Snan o data 1
i 1, ol athery

T ARL -tw
3]

Figure 45. QUAST interactive HTML report

WIEW T TCATUS TONTY OToAVsET

M50 is the contig length such that
using longer or equal length contigs
produces half (50%) of the bases of
the assembly. Usually there is no

bference

value that produces exactly 50%, so
the technical definition is the al
maximum length x such that using
contigs of length at least x accounts
for at least 50% of the total
assembly length. 3 bl
N30
NS
L50
i)
GC (%)
Mismatches
#N's

# N's per 100 kbp

d on contigs of size == 300 bp, unless otherwise noted

SPades_contigs_ fasta_

51

lag

41
029354
4775053
4706 Tiq
4768821
298 BOG
129520
2]

12

52.11

Figure 46. Summary statistics tooltips

Icarus Contig Size Viewer:
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An interactive contig length distribution viewer shows the distribution of contigs lengths in
the assembly, as well as “landmarks” such as the N50 and N75 of the assembly. If you ran
QUAST on multiple assembly files, they’ll be compared in “tracks”, one above the other. In
the lower track view, you can drag the yellow viewbox left and right to move the upper
viewing window. See Figure 47.

- _ Search contig or gene:
=

end [T

< > > Z0OM +6x +2x -2x -5x

Main menu Icarus Move <<

QUAST Contig Browser

Fade contigs shorter than m bp
Contig size viewer

Contig info

SPAdes_contig... .
length: 4775953
contigs: 51

N50: 288806

SPAdes_contig... .
lerigth: 4775953
contigs: 51

NE50: 208808

Legend

0 59.7 24 179.1 2338 2085 a2 417 a7rs 537.2606.99 Kop contigs

contig of length = Nx
statistic (x is 50 or 75)

SPAdes_contig... NS0 v
SPAdes_contig...

(1] 1 2 3 4 4.78 Mbp

<click on a contig to get details>

Figure 47. Icarus Contig Size viewer

e QUAST Report:
Quast report.tex, Quast report.tsv, Quast report.txt give the same summary stats as the
HTML report, but in additional structured formats (LaTeX, TSV, and ASCI| text).

You can find additional information on the use of QUAST to assess assembly quality in its online
manual: http://quast.bioinf.spbau.ru/manual.html.
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7 USING THE SNP PIPELINE WORKFLOW

The CFSAN SNP-Pipeline is implemented in GalaxyTrakr as 7 connected stages and is available for use as
a shared workflow. This workflow encapsulates the basic SNP-Pipeline functionality, but users should
feel free to use the pipeline stages in their own workflows or clone and extend the provided workflow,
etc. See Figure 48 for a view of the workflow.

Hdvergetan X

Figure 48. Basic SNP-Pipeline Workflow

Need an intro sentence to these steps—need to know where | am...in the system?

1. Upload paired reads and build a list (paired collection).

2. Set Collection Type to List of Pairs.

3. SetFile Type to fastgsanger.
This ensures maximum compatibility with the SNP-Pipeline tools and the rest of the GalaxyTrakr
ecosystem.

4. Click Start to begin the upload.
Once upload has been completed, the Build button will become available next to Start.

5. Select Build. See Error! Reference source not found..
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Download from web or upload from disk

Reqular ~ Composite | Collection

You added 10 file(s) to the queue. Add more files or click 'Start' to proceed

Name Size Status
MOD1-EC4447_S3_L001_R2_001.fastq.gz 8318 MB
MOD1-EC4447_53_L001_R1_001.fastq.gz 7816 MB
AZ-TGO8595_S1_L001_R2_001.fastq.gz 142.5 MB
AZ-TGO8595_S1_L001_R1_001fastq.gz 133.5 M8

CDPHFDLB-F11M01157-R1-2_S1_L0O1_R2_001.fastq.gz 137.9 M8
CDPHFDLB-F11M01157-R1-2_S1_L0OL_R1_001.fastq.gz 113.2 M8

MD-DOH-18-000048-1_514_L001_R1_001.fastq.gz 355.3 M8

o
o
o
o
o
o
o
o

MD-DOH-18-000048-1_514_L001_R2_001.fastq.gz 411.4 MB

B 2 B 3 8 88 & &

Collection Type: | List of Pairs | + File Type: | fastgsanger |v| @ Genome (setall): Additional Species ... |+

0 Choose local files & Choose FTP files (& Paste/Fetch data Pause Reset m Build Close

Figure 49. Uploading files for a collection of paired reads

From the Workflow screen, click CFSAN SNP Pipeline to show the contextual workflow menu.
Select Run to initiate the workflow.

Vnur workflows

Name

CFSAN SMNP Pinalina = |
Edit

oo S

Share or Download
S5RA ass

Copy

Figure 50. Run the workflow

Users will have a chance to configure the workflow stages, but the default options are pre-
configured for most use cases. Configure your inputs by selecting a FASTA from your history as a
reference, and a collection of paired-end reads from your history as input. See Figure 51.
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Workflow: CFSAN SNP Pipeline

History Options
Send results to a new history

Yes | No

[ 1: Reference FASTA

) | 1 || 12: CFSANDOD4178_genome.fasta -

[0 2: Collection of Paired-End Reads

O | B ||9: lambda_samples -

# 3: 1. Map Reads (Galaxy Version 1.0.1)

# 4. 2. Call Sites (Galaxy Version 1.0.1)

# 6: 4. Merge Sites (Galaxy Version 1.0.1)

#~ 7: 4. Merge Sites (Galaxy Version 1.0.1)

#~ 8: 5. Call consensus SNPs (Galaxy Version 1.0.1)

#~ 9: 5. Call consensus SNPs (Galaxy Version 1.0.1)

#~ 10: 6. Merge VCFs (Galaxy Version 1.0.1)

# 11: 7. Create a SNP matrix (Galaxy Version 1.0.1

# 12: 6. Merge VCFs (Galaxy Version 1.0.1)

# 13: 7. Create a SNP matrix (Galaxy Version 1.0.1

Figure 51. Inputs to the pipeline

7.1 Additional SNP Pipeline Information

The following identifies helpful information regarding the use of a reference based SNP analysis pipeline.

Running the workflow will produce about 30 datasets in your history per sample, but after
execution these will collapse into collections or be hidden. It can be helpful to execute the
pipeline on a new history, just to keep things organized.

The workflow branches into a filtered and unfiltered flow approximately halfway through, and
subsequent results are tagged with filtered or unfiltered depending on which of those branches
they are produced by. The filtering is the result of ignoring SNPs promimal to the ends of reads
and in regions in which many SNP’s are found in proximity. For an in-depth description of the
region-based filtering step in the SNP Pipeline, please follow the below link:
http://snp-pipeline.readthedocs.io/en/latest/usage.html#snp-filtering

The SNP Pipeline generates most, if not all, of the analytic outputs described at the following
link:

http://snp-pipeline.readthedocs.io/en/latest/usage.html#outputs

However, many job execution metrics are not produced because of differences in the way
Galaxy is used as a job scheduler. Individual job metrics can be viewed in the Galaxy interface by
expanding the dataset and clicking the View Details button. See Figure 52.
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SRR1B822544 S5RR2178118 5RR3113782 5RR3372017 5RR3545396

SRR1822544 Q 15 29 47 24
SRR2178118 15 Q 25 42 20
S5RR3113782 29 25 0 42 19
SRR3372017 47 42 42 Q 37
5RR3545396 24 20 19 37 0

Figure 52. Resulting SNP Distance Matrix
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