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1 INTRODUCTION

1.1 Galaxy Genome Trakr Information

The Center for Food Safety and Applied Nutrition (CFSAN) works in conjunction with state and local food
safety laboratories to detect and prevent food borne iliness epidemics. 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.
Unfortunately, CFSAN'’s capacity for providing bioinformatics support to these laboratories has not kept
pace with the large volume of data being generated. GalaxyTrakr.org was implemented to allow
laboratories, outside of the FDA internal network, 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://account.galaxytrakr.org.
2. Use the form, depicted in Figure 1, to change the temporary password that was distributed:
a. Username: Distributed via email
b. Password: Temporary password distributed via email
c. New Password: A password specified by the user that to be used for future logins
d. Confirm Password: The password specified in New Password
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@ Secure | https)//account.galaxytrakr.org

Password Reset

Please complete all fields below. Passwords must meet the following requirements:

« Atleast 8 characters

« Not the same as the last 24 passwords

« Does not contain username or parts of name

« Contains at least one upper case, lower case, digit and Non-alphabetic characters

Username jsanders

Password

New Password B

Confirm Password srsssrsseses

Change Password

Figure 1. Galaxy Trakr Password Reset
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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.

Please note this URL is different than required for the initial access.
2. On the top right, click Login.

See Figure 2.
3. Enter username and password and click Login.

See Figure 3.

# Secure | httpsy/galaxytrakrorg
Xy l GENOME TRAKR Analyze Data

— Login

Hello, Galaxy is running!

Figure 2. GalaxyTrakr.org Login

Login

Username / Email Address:

jsanders

Password:

Forgot password? Reset here

Login

Figure 3. 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 hared Data~  Visualzat o Uzers Using 2.3 GB
Tools A Histpr ———
o H H 1 Saved Histo
Hello, Galaxy is running! ved Historigs
FDA Tools Unnz Histories Shared with Me
Get Data To customize this page edit 78h9  CURRENT HISTORY
sent ot o
Text Manipulation static/welcome.htm Copy History
Filter and Sort 10:8 e or Publish
ol Sutitrict aod Giow Configuring Galaxy » Installing Tools »
loin, Subtract and Group 9;Sp  Show Structure
onvert Format !
Convert Formats fast  gxiract workflow

Extract Features
Get Genomic Scores Take an interactive tour: Gaiaxyul | History B:SP Delete
Fetch Sequences ECrRIERRAGE Delete Permanently
Fetch Alignments DATASET ACTIONS
Phenotype Association 6:Sp  Copy Datasets

Dataset Security
e Galaxy is an open platform for supporting data intensive research - | Resume Paused Jobs
::i:::nd e Galaxy is developed by The Galaxy Team with the support of many | 4:SR c“"f’pse F"”‘mdm Darasets
I 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 Johns

Workflows Hopkins University. DOWNLOADS

= All workflows Export Tool Citations

Export History to File
YTHER ACTIONS

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.

Using O bytes

Tools XL History o4l
search tools Q) A . . .
Hello, Galaxy is running! search datasets [}
- v o Unnamed history
Get Data To customize this page edit static/welcome.html
(empty) - e

Text Manipulation Configuring Galaxy = Installing Tools » O This history Is empty. You can
Eilter and Sort load vour own data or get data
Fannet Falmats Take an interactive tour: asisc ut| | History | | Scratchbook
Extract Features

Figure 5. Change the History Name



Galaxy Genome Trakr User Guide

3.2 Upload Data

3.2.1 Use the SFTP Client

To upload data using a standard SFTP client, such as Filezilla, follow the steps below:

1. Open SFTP compliant client.

2. Enter the following connection information:
a. Host: sftp://upload.galaxytrakr.org
b. Username (same as used to access Galaxy)
c. Password (same as used to access Galaxy)
d. Port:443 or 22

See Figure 6.

E sftp://jsanders@upload.galaxytrakr.org:443 - FileZilla

File Edit View Transfer Server Bookmarks Help MNew version available!

H-EFCEI RO L TAaos
Host: sftp://upload.galax  Username: jsanders Password: esssssssssssss Port: 443

Figure 6. Log into SFTP client

3. The first time connecting you will be asked to trust the host being connected to. Click OK to
trust the connection.
See Figure 7.

Unknown host key

. The server's host key is unknown, You have no guarantee that the server is the
'0' computer wau think it is,

Details

Huosk: upload.galawxytraky . orgid43

Hostkey algorithm: ssh-ed25519 256

Fingerprinks; SHAZ56: o+DRax+EPky2WidalMF S vdORUE FDEBCMNIE TR AEL+c=
MOS: 2cie2:a7:9e:98:b5:89:FF; 19:43:Fc:5d:82: 3d:c0:F3

Trust this host and carry on connecting?
V¥ always trust this host, add this key ko the cache

(04 I Cancel

Figure 7. Uknown Host Key Message

4. Depending on the client, click Connect or Quickconnect.
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5. Once connected drag the files to upload from the source to the connected server.
The data uploads into the folder, which is the default for galaxy users.
See Figure 8.

tive Py Lot ot [re— [e—_—r—

SRERONAN Hveta WO FASTG Fide R 153 B oo 18871y
SRR L tartg LG

Figure 8. Files to Upload

6. Login to the galaxy web interface at https://galaxytrakr.org
7. Navigate to Get Data and click the Upload File link.

See Figure 9.
= Galaxy / GENOME TRAKR
Tools ;';
search tools (3
Get Data

FASTO Dump paired downloader
Downloads a set of paired reads
by their accession number using
fastg-dump tool from sra-toolkit.

Upload File from your computer

NGS TOOLROX
Figure 9. Get Data
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8. Click the Choose FTP File button.
See Figure 10.

Download from web or upload from disk

Regular Composite Caollection

Type (set all): Auto-detect | Q Genome (setall): | ----- Additional Species A |«

O Choose local file E= Choose FTP file [ Paste/Fetch data Pause Reset Start Close

Figure 10. Choose FTP File

9. Select the file that was uploaded or files in the upload directory that you need to import.
See Figure 11.

FTP files 3¢ ]

This Galaxy server allows you to upload files via SFTP. To upload some files, log in
to the SFTP server using a SFTP client, like FileZilla, at upload.galaxytrakr.org
using your Galaxy credentials (usermname and password).

Available files: 3 3 files & 666.5 MB
= MName Size Created

(0 Records.csv 161.9 KB 08/30/2017 10:458:45 PM
(0 SRR3933021_1.fastqg 332 MB 08/30/2017 10:48:45 PM
[ SRR3933021_2.fastg 334.4 MB 08/30/2017 11:17:26 PM

Figure 11. Select Uploaded Files
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10. Click the Start button and observe the import status.
See Figure 12.

Download from web or upload from disk

Regular Composite Collection

Name Size Type Genome Settings Status

3344MB  Auto-dete. v Q- Additional Sp... = . BTN

SRR3933021_2.fastq

Type (set all): Auto-detect | Q Genome (setall): | - Additional Species A | v

2 Choose local file & Choose FTP file & Paste/Fetch data Pause Resat Start Close

Figure 12. Upload Status
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3.2.2 Use the Web Interface

To upload data to your new history, follow the steps below:
1. Click on the download icon (:.) 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 | Comeosite  Eellection

Typer (ot all): - Q Ganoma (set all): Additional Seecies A

I cheoose Socal file | (F Paste/Fetch 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.

Download from web or upload from disk

I Doty
8 Domnleads
AL Recent Places

| FTO00 51,8001, 1 01 sty
(£ FTC00.5,001 B3, 00 fastn

S Leraries
% Documents
o Musi

- Pachures
B viaeor

W Compee

[

5* Dansllenaatta’
5 EFDus (DT
5 CRagp NLFDEN
I Paciects Muwade: =

Flemame PTLO02, 51 LKL 2, 001 fastq “BTE0L 51 L0 K061 farig”

Figure 14. Select a local file

4. Click Start to begin uploading your files to the Galaxy server.
See Figure 15.
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Download from web or upload from disk
Beguar  Comessite  Coliection
Plaase wait...2 out of 2 remainieg.

Name Size Type Genome

DIPTCO0R_SILO0LRI. 3168 ME  autsdets. » O —— Additionsl 55
001 fasty

LOPTCOO2 51001 K2, BIZGMB  Auto-dete v additional 5o
001 faty

Ty (st all): Auto-datect

Figure 15. Uploading files into the Galaxy server

Figure 16 below depicts uploads in progress.

Download from web or upload from disk
Begular | Compomte  Colection
Pitase wat. .1 out of § remaining,
Mama Size Type Ganoame
CIPTE002 51 LOOLRY.  316.8HE  smcden » QO - Addtienal Sp
001 fastg

L1PTC002_SILCOLRZ. BZHME  sutedete - 0O
001 fasea

Type (set all}: . Genome (st all): Additional Specks 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!

Send Balo To customize this page edit static/welcoms. htnl

1 Manipuiation
o e EEEEEETES . .sn

Canvert Formats
Extract Featires Take an INteractive toUr: cumn ut | ey | samcems B2
Gk Genomic Hone

Fetch Asgwents

A TOGUAGE BETR Galaxy is an open platform for supporting data intensive research. Galaxy is developed by The Galaxy Team with the suppert
s 9c 2 of many contril

Statistics
Graph/Disslay. Rata
ERA Tashs
Workflows

+ Aot

Tha Galaxy Pougest be supported in part by HGAL NSE, Tha Huck Iestities of the Ufe Ssiances. Thae ostitute for CibarSciense at fgon Stata. a~d lohas Hopkis Univarsty:

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 book icon ( [T]) in the upper right corner.
2. Select the history you would like to use by clicking Switch to.
See Figure 18.

= Galaxy / GENOME TRAKR
Dok || smarch sk

O sasech aa gataset o -

= | Swibch 1o

Unnamed histary
534,38 ME B %® | 13036M8 ¥ .

L:SRR119B05] 1fastq - S o

Figure 18. Switch to a different history

3. Click Done.
See Figure 19.

= Galaxy / GENOME TRAKR
Do seanch hisk [ L) et

Unnamed history

A N

634,38 ME B %® | 13036M8

L:SRR119B05] 1fastq - S o

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

11
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Select the library that the data set will be shared with.
Create a new folder.
See Figure 21.

| = Galaxy / GENOME TRAKR

Create New Folder
DATA LIBRARIES o [1] showing 1 of 1 items [ include deleted | +88 | +Bi~ & to History
& Download ~ % Delete @ Details @ Help
Libraries Food and Drug Administration (FDA)
name |3 description data type size time updated (UTC) ‘
(] Sub Share folder 2017-08-14 04:47 PM S =
0 2 showing 1 of 1 items

Figure 21. Create New Folder

Enter a name for the new folder.
Click the +data icon ( +H ) and select from History.
See Figure 22.

= Galaxy / GENOME TRAKR vorkilow

DATA LIBRARIES 0 |I| 2 showing 0 of Oitems  +m | +H~ @ 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

Select the desired data sets and click Add.

12
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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:

On the GalaxyTrakr.org home page, select Shared Data.
See Figure 23.

= Galaxy /f GENOME TRAKR

£ [ o s ] [ istory cem

o - s a
EDA S0l Hello, Galaxy is running! Unnamed history
Get Data ¢
Send Data To customize this page edit static/welcome.html | e ey} - -

[ This histsry s ompty. vou can |
Confiouring Galaxy » | instaiing Toots = | SR e

Jerin, Subitraet and Grous | fram on sxternal source 1
Conuert Formats
Extract Fealurns Take an interactive tour: | csiax ot | | History | | Serstenibaok

Get Gonomic Scores

Fetch Sequences

Fetch Alignments

Phenotype Association

Galaxy is an open platform for supporting data intensive research. Galaxy is

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

and_ manipulation
statistics

Graph/Display Data

FOA Tools

The Galaxy Proje prrted in part by HHOR stutes of the Life Sciences, The [natiture far
2 at . angd

ahns Hoping. |

Workflows
= Al warsfiens

Figure 23. Shared Data

2. Select Data Libraries.
See Figure 24.

= Galaxy / GENOME TRAKR
— £ i Histary S oo
mar ol o mareh Anta; (=)
EOA Tocls Hello, Galaxy is rum sona Unnarmed history
Get Data tampty) - -
Send Data To customize this page ed -html

Tuxt Manipulation

Filtar and Sort
Jnin, Subitrect and Grous
Convert Farmats
Extract Faatures

Get Genonmic Scores
Estch Sequences
Fateh Alignments

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

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

MNGS: GC and manipulation
Statistics

Graph/ Display Dats

FDA Toals

x BETA

tutes of the Life Seieceas, The Institute fer

Bparted in part by MHGRL, B
3 State. and Johos Hookins Lnloecsity

The G

Warkflows
= Al warkfows

Figure 24. Data Libraries

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

See Figure 25.
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Galaxy / GENOME TRAKR

DATA LIBRARIES El showing 11 of 11 llbraries | Sen Include deleted |+ New Librery © Help
namelt description synopsis
Rivision of Consoiidate Laboratory Servicas Laboratory Library Toal Analysis - Development and
imalementation of DCLS pipedines into Galaxy FAR |
toals.
Flerida Department of Agriculture and Consumer Services, Laboratory Library WGS Data Analysis 71§
Diision of Food Safety. Bureau of Food Laboratories
Food and Drug Administration [Fq‘._e;) FOA Uibrary WGS Data Analysis P
Food and Drug Laboratery B'ar(h‘.‘(i Dept of Health Laboratory Library WGS Data Analysis PR ]
Massachusests Department of Public Health Labaratory Library WGS Data Analysis s
Mew York State Dept of Agriculturs and Markets, Food Lab Laboratory Library WGS Data Analysis 2w
QOhio Animal Diseass Diagnostic Laporatory Laboratory Library WGS Data Analysis - Illumina MiSeq FaRE
Pann Stake Laboratory Library Tool Analysis - Integratien of Genome
Epidemioingy tools. SNP Analysis, Phylogenstic PR |
Tree Canstruction, Gene ldentificat...
Texas Depariment of State Health Services Laboratory Library Tool Analysis - Salmanelia Seratype prediction
and Chuster Analysis for food-barne and Tl |
healthcare associated infectious ...
Wirginia State Laborasery Laboratory Library WGS Data Analysis Pl
Viashinghon State Depariment of Health. Public Health Laboratory Library WG5S Data Analysls - Salmanella, Listeria and E. 7
Laboratories call

Figure 25. Galaxy Data Libraries

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

= Galaxy / GENOME TRAKR ata = : - - - Using 0 bytes
DATA LIBRARIES lIl showing 1 of 1 items Incluce delered  +IB +h & to History & Download ~ ¥ Delete B Detals 9 Help
Lizraries
name |4 description data type size time updated (UTC)
o L_ Sub Share folder 2017-08-14 04:47 PM Faik ;
] shawing 1 of 1 items

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 i shawing 1 of 1 tems inchude deleted +B |+l 8 t3 History 4 Download » x Delsts @ Details @ Hslp
Libranes
name 1% description data type size time updated (UTC)
- fd L
I] showing 1 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

RPN Unnomed histary

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

Select histary: Unnamed history

or create new: |jame of the new history

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 X History el
search tools o Q

search datasats
EDA Teoks i ing!
Hello, Galaxy is running! Unrareed nistory
e . . . 1 shown
Send Data To customize this page edit atatic/welcome.html
130,36 MB % .

Plker o Sort Configuring Galaxy » m — u ® 7%

SRELLOUBED Lfastq

Extract Eeatures Take an interactive tOUr: calaxy u1 | Hstory | Soratchbeck

e Galaxy is an open platform for supperting data intensive research. Galaxy is developed by The Galaxy Team with the suppert
MGS: OC and manipulation of many contributors.

Statistics
Graph/Display Data
EDA Tools
Workflows

* allmecklews

The Galaxy Project bs supported in part by HHGRL, NSE, The Husk Institutes of the Life Sclences, The Institute for CyberScience at Penn State, and Johns Hopking Uniyersity.

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 Allelic antigen profile is matched to Kaufmann-White serotypes, where known.

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

= Galaxy / GENOME TRAKR

Tools A

search tools 0

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. FDA Tools

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

MGS: Screening and Prediction

Segsero Bateh - Paired-End Reads
Salmonella Serotype Prediction
from Paired-End Reads

ARRirare | icr

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

Figure 33. Select runs and Execute

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

€ (0 galy.ravencioudhpe.com:8080 @ O frot serotype > B 9 & A =
= Galaxy / FDA-CFSAN Analyze Data
Tools L SegSero Results History fo R - Rui
[} s R )
. . : |Predicted —_—
FDA Tools Input Files o ai\.ng_en il a_n:l_gcn"h y rri;;(llii:(lﬂjﬂl antigenic ::;';;?5) Johnl
Map with BWA - map short i [ | profile 40 shown, 4 deleted
JaRde 1< )00 WD houinst (datasct_204_SRR3933082 fasiq 1
5et_204_5 3082 i imuri 5.34GB %@
reference genome dataset_205_SRR3933082 fastq 0-4 i |I2 Typhimurium
Map with BWA-MEM - map = = Paki 44; SeqSero Batch - - x
medium and long reads (> 100 g:‘:f“‘:ﬁ“;:‘;ﬂﬁg:zsfjm‘“ 08 Ly II 2 Bilv:12 Ef‘(",':?';:," Paired-End Reads on Z
bp) against reference genome AL Jeatq 1 HEnhe | | data 42, data 41, and others
BRI e ety swie i“:":{g;{’;ﬁi :gggg:'&:“ 07 k [15 715 Thompson 7 lines
report of your classification i i | format: txt, database: 7
- dataset_161_SRR3933079 fast E i
A o el A (ataset_162_SRR3933079 fistq o4 I 2 12 Typhimurivm | |- CLASSPATH-nfs/sw/20ps
e 5 Ivarscan/varscan.2.3.9
samples dataset_159_SRR3933080 fastq A . [VarScan.v2.3.9 jar ;export
0-8 i 26 8:i:z6 Kentucky sibbee :
SeqSern Batch - Palred-E dmsct,lﬁD,SRRJQS!QSD.fasrq m:am;wmmnowm-guh
Reads Salmonella Serotype |dataset_202_SRR3933081 fastq B I 5.y
Prediction from Paired-End (dataset_203_SRR3933081 fasigq o X = il i . e
fleads /bin:/nfs/sw/apps/smalt/bin:/nfs
Get Data swiapps/spades/spades-
Send Data 3.9.0/bin:/nfs/swrapps/sratoolkit
Text Manipulation
Filter and Sort O 7 - e
Join, Subtract and Group ites 0_antigen_predictior
Convert Formats dataset_204_SRRI933062. fastq dotaset
Extract Features. dataset.10_SRR1202985. fastq dataset.
Fetch Sequences dataset_157_SAR1198854. fastq dataset

Figure 34. SeqSero Results
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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.

Once data is uploaded into Galaxy Genome Trakr, access SPAdes, which is located under the
NGS Toolbox.

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

MRS CSrraanimn amd Pradictisnm

Figure 35. Locating SPAdes
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

Sanger reads

Trusted contigs

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. At the bottom of your screen, click Execute.

See Figure 37.

alaxy / GENOME TRAKR

Tools - | History
mmech Eools Reverus reads march dakanets
A Teals -....I u::J
Gt data 3 e il
Send Dale
Text Hanlaulatian 13408
Liltet and Sort b are " ) K
Join, Subtract and Groue PICOOZ 53 1001 K2 DOLiasta
Comvert Formats
Extract Features. #
b s e PICOOZ 53 1001 R1 M0Ltasta
Esich Sequences
Letch Alignments Namopore resds
Phenotyoe Assuciation p
HGS TODLBOX BETA
WGS: O and manipulation
Stattstics PTETTA
Granh/ Diseday Data .
FIMA Toals
LFAdey genoma asssmitler for
reguiar and singhe- cell projects
ncat Trusted contigs.
Warkibows P
* A8 grfigng
Untrsstad 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 c &0
| /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
fastqg:/nfs/sw/apps/galaxy/database/files/000/dataset_159.dat --pel-2 Charles §
fastq:/nfs/sw/apps/galaxy/database/files/000/dataset_160.dat --pacbio 13 shown
fastqg:/nfs/sw/apps/galaxy/database/files/000/dataset_162.dat
3.13GB = % .

System information:
SPhades version: 3.9.0
Python version: 3.5.3 13: SPAdes | ® & %
05: Linux-3.10.0-327.36.3.el7.x686_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
iexport
Dataset parameters: CLASSPATH;LOADEDMODULES=gal;
Multi-cell mode (you should set '--s¢' flag if input data was obtained with MDA (single- super ;export
cell) technology or --meta flag if processing metagenomic dataset) LOADEDMODULES: PATH=/nfs/sw/|
Reads:

3.9.0/bin: /nf: toolkit
Library number: 1, library type: paired-end ML DL

orientation: fr

lgit reads: ['.’nfsfsm"apps.fqalaxy/database;’fi;es/DUU/dataset_lSQ.dat'] NGITIE e

right reads: ['/nfs/sw/apps/galaxy/database/files/000/dataset_l60.dat"] = -~

interlaced reads: not specified

single reads: not specified
Library number: 2, library type: pacbio base/files/@dd/datoset 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

Command line: /nfs/sw/opps/galaxy/c

System information:
SPAdes version: 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 is large and only the first megabyte is shown below.
Show all | 5ave

>NODE_1_length 485118 _cov_44.1279

AGTGGATGECATCAMATCGCCGTTGATGATCTTCACGETCTTTGGTCACTGCETGGTCGGE
GCGTTAATCGTTAGCGEACTCEECTCCCTGACCGCARAAGACCATACCATCGCCCGTCAG
CGCATCGTCCGCAGCATGTTTTTTCTCTGGC TGGTCATGGCACTGCCGATTCCTCGCETCG
ATTATGCATCTGCGTTCGCCCGATGCECECGTTTAACTCGCTTARCCGCGTAGGCGCTTCC
GCACTGAGTAATGAMATCGCCGCAGGATCGGTGTTCTTTGCCGTAGGCGGCATCTGGTGG
CTGGTCGGCGGTACTCCETAARATGCCCCCGECGCTGEGTARAGTGTGECTGCTGGTCAGT
ATGGCGCTCGGCCTTGCATTCATCTECCCAATGACGCTCGTTTATCAGATAGATACCGTG
CCAACCTGETATAATGECTACACCACCCTGCCCTTTTTCCTCACGGCATTCCTETGCGGE
CCGETCTTTGCGCCGCTACTCCTACCCATCCCCGCECETCCCATTTTGCAGCCTGACCTTT
GCCAGTATTAGCCGCCTGOCATTGGTCCTGTCCGTCACGGTCATCCTACTACAAGGACTG
TCTCTCTCAACCATTCACAGTTCCGTGCAACAGGCCAGCCATCTCGCGCCGEATTACGGT
ATGCTACACGTCTGGCECATTCTCTTGCTTCCTGCCEGATTAGGCTGCTGGCTATGTCCG
CTAATCCGTCGCCGCGAACCGCATACCCTTGETTTCGCTGCTCEGGTCTCOTCCTEGGCECTG
GCAGGCGAAATTATTGECCGCECACTTTTTTATGGCCTGCATATCGACCGTAGGTATGGCC
GTCGCAGCTTAATTTATGCGTCCGGEECCGACCCGCACCTTTCCGCATTCTTTGAATGACT
ACTTTTTTACAACGTGATGATTTTGCAGTAACGGCGCGTGTTCTTGGCGCGTTGTTTTAT
TATTCGCCGGARAGCCACGARACCGCTCCTCTGGTTCAGGCGCTATTAMC CEGACGACTGG
CAGGCGCACTGECCGCTTCATCCCGACCCGCTTGCCCCTGTCCCGGCTATCTTTAAGACC
CACAGCCAAGACTCGTTGCCACAGGCCTGGCAGCGTCTGTTTATCGGCCCTTACGCTCTG
CCGTCTCCECCETCGEETTCCETCTECCTGCATCEGTGAGAGCCTATTATTTCGGCGATTCT
ACATTCGCCCTACGTCAGTGCATCCCCCAMAACGCGAATTCAGTTTCAAMTCCAGCAARAC
GAGCCAGAAGATCATTTTGGGTCGCTCTTGCTACTGECGGCCTGGCTTGCCECAGAATGGT

search datasets [

Charles §
13 shown

3.13GB & % 4
13: SPAdes log @ &S %

12: SPAdes scaffolds @ & x
fasta)

11: SPAdes contigs (fa @ & x
sta)

175 sequences

format: fasta, database: ?

CLASSPATH=/nfs/sw/apps/varscan,
iexport
CLASSPATH;LOADEDMODULES=gala
super ;export
LOADEDMODULES;PATH= /nfs/sw/lz
3.9.0/bin:/nfs /swfapps/sratoolkit

00 M ? - .

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 shown below.
Show all | Save

>NODE_1_length_485118_cov_44.1279

AGTGGATGCCATCAATCCCCETTCATCATCTTCACGETCTTTCGTCACTGCCTGETCGEC
GCCTTAATCGTTAGCECACTCCCCTECCTCACCECAAAACACCATACCATCCCCCCTCAG
CGCATCGTGCGCAGCATGTTTTTTCTETGGCTGETGATGGGACTCGGATTCCTCGCGTCG
ATTATGCATCTGCGTTCGCCGATGCCCGCGTTTANC TCGCTTARCCGCGTAGGCGCTTCC
GCACTCGAGTAATCGAAARTCGCCGCAGGATCGETGTTCTTTGCCCTACGGCGGCATCTGETGG
CTCCETCCCGETACTCEETARAATGCCCCCGECGCTEECTAAACTGTGCCTGCTGEGTCAGT
ATGGCCCTCGGCETTECATTCATCTCCGCAATGACCGCTCGTTTATCAGATAGATACCGTG
CCAACCTCGTATAATGCCTACACCACCCTGCCCTTTTTCCTCACCGCATTCCTGTGCGGE
CCGGTGTTTGCCECGCTACTGCTACGCATCGCGCGCETCCCATTTTGCAGCGTGACGTTT
GCCAGTATTAGCGGCCTGGCATTGGTCGTGTECETGACGGTCATCCTACTACANGGACTG
TCTICTCTCAACCATTCACAGTTCCGTCCAMCAGGCCAGCCATCTCCCCGCCGCATTACGET
ATGCTACAGGTCTGGCECATTECTCTTECTTGCTGCCEGATTACGC TGCTGECTATCTCCG
CTAATCCETCGCCGCGAACCGCATACCGTTGETTTGCTGCTCGGTGTCGTGCTGGCGCTG
GCAGGCGAAATTATTGGCCGCGGACTTTTTTATGGCCTGCATATCACCGTAGGTATGGCC
GTCGCAGGTTAATTTATGCGTGCGGEECGACCCGCACCTTTCGGGATTGTTTGAATGACC
ACTTTTTTACAACGTGATGATTTTGCAGTAACGGCGCCTEGTTCTTCGCGCGTTGTTTTAT
TATTCCCCGGAAAGCCACCGAAACCGCTCCTCTGOTTCAGGCCCTATTARCCGACGACTSG
CAGGCCGCAGTGCCCGCTTGATGCCGACGCGCTTGCGCCTGTGCCEGGCTATGTTTAAGACC
CACAGCGAAGAGTCGTTGCCACAGGCCTGGCAGCGTCTGTTTATCGGCCCTTACGCTCTG
CCETCTCCGCCETGGEETTCCETCTCCCTGCATCGTCAGAGCCTATTATTTGGCGATTCT
ACATTCCCGC TACGTCAGCTGCATCCCCCAMMACCCGAATTCAGTTTCAAATGCAGCARANC
GACGCCAGAAGATCATTTTGGGTCOCTETTGCTACTCCCGGCCTGECTTGCCCAGARTGEC
CGTCATCATGAATGCGAACAACT TCG! TCGCATCTGTTTC TGETCGTCCCGCTTT
CTGGACGTATTTATCGATCATGCCGGECATCCGTTTTATCAAGCGTTGGGGCANC TGGCG
CETICTCACGCTCECGCAATGECAAGC TCANC TCATTATTCCCCTCCCTGTAAANCCGTTA
TTCCGTTAATCCCCACAAAAGGCAGCGATTTTACCTGCCTTTTCTCCCATTGCGGCCTATT
TTTATCTACAAAAAGTCGACAACGTCACACCACGCTTCTATTTITAAGATAATTCTTTATC

GTGAATCTTCACGCTARGCCGCATARCGGCARANCATARTTCTTARTAGATCTTTARCAG

Charles S

13 shown

3.13GB ~ % e
13: SPAdes log W AR

History < &0

search datasets

12: SPAdes scaffolds @ & x
fasta)

171 seguences

format: fasta, database: ?

CLASSPATH=/nfs/sw/apps/varscar
sexport
‘CLASSPATH;LOADEDMODULES=gali
super ;jexport
LOADEDMODULES;PATH=/nfs/sw/|
3.9.0/bin:/nfs /sw/apps/sratoolkit

02| ? - ®
display with IGY local
»NODE_1_length_485118_cov_44.1279
AGTGEATGGCATGAATGGCCGTTGATGATCTTCAL
GOGTTAATCGTTAGCGGACTGGOCTGECTRACGRL
CGCATCGTGECGCAGCATG CTGTGGCTGET
ATTATGCATCTGGGTTCGLCGATGLGCGLGTTTAS

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 77.1701

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.
M LS L JdN0 IMTaT PO T T

MNGS: Assembly

SPAdes genome assembler for
regular and single-cell projects

Quast Genome assembly Quality

MG © " i Drodict

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 assembilies. 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 anwyee 0as

#arch tools (=] Imput assembly files
EDA Tools L Input assembly files
GeLData Contigs/scaflaids output fite

Expraar Features
GEL Genomic Scores
Fetch Seauences
Eatch Aligneents

HCBY
NGS Assemily

QuAsE Ganama assambly Guality
NGS: Screening and Prediction
Workflows
= Al workfiows

€ Description

L) R | it Garmora sasemrly Gty (Gl Varsion 430 - Optians

aaaaaaa
CLASSPATH= [ifs/sw/apps/varscan va
wxpor
CLASSPATH,LOADEDMODULLS = galkxy:
super jexport
LOADEDMOCLLESPATH = infs /sw/lang
3.5.0/ bin: pnfs /3w apps  seatoolkit

o7 -
Lkans Cominslzeyl @ # x
i

30 Quast reponies -4 n

=,

Figure 44. QUAST configuration
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6.1 Outputs of QUAST

QUAST produces output datasets as follows:

e QUAST Report.html:

Galaxy Genome Trakr User Guide

An interactive HTMLS5 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

T Galaxy / GENOME TRAKR
b QUAST

by Ausannememt ook for Cammoms Asswemblios by (21

<

tooltips. See Figure 45 and Figure 46 below.

A Comn iyl w4 &
e

Boainsun e/
@2 Qi gy ./ E
18 Bt /%
PR T T
Ll S an data 2

0 gaed 19 40l mkeny
et e . s
U e o daa 1
e 1%, il athery

T ARL -tw

Figure 45. QUAST interactive HTML report

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
value that produces exactly 50%, so
the technical definition is the
maximum length x such that using

contigs of length at least x accounts
for at least 50% of the total
assembly length.

Mismatches
#N's
# N's per 100 kbp

WIEW M ICArds CONTg Drowwser

bference

d on contigs of size == 500 bp, unless otherwise noted

SPades contigs  fasta

51

las

41

G20 354
4775953
47096 724
4708821
298 BOG
149520
2]

12

32.11

Figure 46. Summary statistics tooltips

e |carus 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 [EEEE

< > »» Zoom +6x +2x -2x -5x

Main menu Icarus Move <<

QUAST Contig Browser

Fade contigs shorter than m +7]
Contig size viewer

Contig info

SPAdes_contig...

length: 4775953
contigs: 51
M50: 208806 <click on a contig to get details>
SPAdes_contig... .
length: 4775953
contigs: 51 Legend
N50: 208806
T T T T T T T T
o 59.7 104 179.1 238.8 208.5 358.2 417.9 4776 537.2806.99 kbp cantigs
contig of length = Nx
statistic (x is 50 or 75)
SPAdes_contig... NS0 v
SPAdes_contig... - = =
o 1 2 3 4 4.78 Mbp

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 ASCII 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.

» Aot %

D eferance FASTAR

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. Set File 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

Regular ~ Composite Collection

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

Name Size Status
MODL-EC4447_S3_L0O0L_R2_00l.fastq.gz 831.8 MB
MODL-EC4447_S3_LO0L_R1_00L.fastq.gz 781.6 MB
AZ-TGO8595_51_LOOL_R2_001.fastq.gz 142.5 MB
AZ-TG98595_51_LOOL_R1_001.fastq.gz 133.5 M8

CDPHFDLE-F11M01157-R1-2_S1_LOOL_R2_001.fastg.gz 137.9 M8
CDPHFDLE-F11M01157-R1-2_S1_LOOL_R1_001.fastg.gz 113.2 M8

MD-DOH-18-000049-1_S14_L001_R1_00L.fastg.gz 355.3 M8

=
=
=
=
=
=
=
=

2 2 83 3 3 3 & &

MD-DOH-18-000045-1_5S14_L001_R2_00L.fastg.gz 411.4 MB

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

O 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.

Vuur workflows

Name

CFSAN SMP Pinalina w |
Edit

oo S

Share or Download
SRA 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

[3 1: Reference FASTA

[ | €8 || 12: CFSAN0D4178_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)

#~ 5: 3. Filter SNP Regions (Galaxy Version 1.0.1)
#~ 6: 4. Merge Sites (Galaxy Version 1.0.1)

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

A~ 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#tsnp-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.htmlftoutputs

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.

27


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

Galaxy Genome Trakr User Guide

SRR1822544 5RRZ1781148 5RR3113782 SRR3372017 5RR3545396

SRR1822544 a 15 29 47 24
SRRZ2178118 15 Q 25 42 20
SRR3113782 29 25 a 42 19
SRR3372017 47 42 42 Q 37
SRR3545396 24 20 19 37 0

Figure 52. Resulting SNP Distance Matrix
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