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» Analyzing millions of sequence reads usually requires several powerful software that
performs different tasks (quality trimming, assembly, SNP-calling etc)

» When setting up NGS-analyzing capabilities in your lab, there are different approaches
you can choose from

» Hire a bioinformatician and buy a Linux computer?
» Use free webservers?
» Buy expensive commerical software?

» Or do you use all of the above in combination?

..AGCCTAGGGATGCGCGACACGT
GGATGCGCGACACGTCGCATATCCGGTTTGGTCAACCTCGGACGGAC
CAACCTCGGACGGACCTCAGCGAA..



A general whole genome sequencing workflow
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GUI vs CLI

GUI = graphical user interface

GUI is a form of user interface that allows users to interact with electronic devices
through graphical icons

CLI = command-line interface

CLI permits users to put in writing commands in terminal or console window to interact
with an operating system



john@ubuntu: ~

S s
john_file
S ls -1

Command-line john john 46 Oct 1 11:10

interface ->>>> - john john 5120 Oct 11:17 john_file

:~$ 1s -1 -h

total 8.0K

drwxrwxr-x john john 40 Oct 11:10

“FW-FW-l~- john john 5.0K Oct 11:17 john_file
:~$ 1s -1h john_file

~FW-TW-T-- john john 5.0K Oct 1 11:17 john_file
:~$ 1s -1 --human-readable john_file

~TW-TW-T-- join john 5.0K Oct 1 11:17 john_file
t~d

https://www.linuxjournal.com/sites/default/files/styles/max_1300x1300/public/u%5Buid%5D/command-line-syntax-
example.png
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Public
server

Commercial
software

CLI

Local Linux or
Mac-computer

+ No installation
+ Requires little bioinformatics skills
+ Up-to-date nomenclature/DB

- Dependent on service provider

- Downtime of server

- Internet connection

- Can take a long time to get results
- Difficult to analyse large datasets

+ Easy installation
+ Requires little bioinformatics skills
+ Database, easy to use, backup

- Expensive

- Dependent on a company

- Limited to functions in software
- Requires powerful computer

+ No cost for software

+ Free to adjust analysis methods/settings
+ Easy to run once setup

+ Often faster

+ Automation

- Requires bioinformatics skills

- Requires computer knowledge to install
and create pipelines

- Requires powerful computer




Windows

Papperskorg

B Kommandotolken

Microsoft Windows [Version 10.0.17763.1217]
(c) 2018 Microsoft Corporation. Med ensamratt.

C:\Users\bo.segerman>
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GUI operating system

Command Line interface
available
(CMD or powershell)

However, few bioinformatic
programs support these



If you use Windows - use a GUI solution (typically commercial)
OR
Use a method to access a UNIX compatible system in Windows

Dual boot (choose Windows or Run a "Virtual” Linux as Connect to a Linux computer
Linux when starting up) an app in Windows (server) and run remotely

GMU GRUEB io Jubuntul.3

e ( Nt ia g 4
#Windows 7 (loader) (on sdewssdal)
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Macintosh

__ @ Chrome File Edit View History Bookmarks People Window Help 2 D 3 F 4) 15%CE ThuDec3 16:32 Q (=

GUI operating system

4 bosse — bash — 133x36

login: Fri Jul 3 19:09:00 on ttys0eo
bos-macbook-pro:~ bosse$ |

Modern Mac OS contains a

true UNIX compatible
terminal




Linux comes in different distributions

RedHat
CentOS
Fedora
openSUSE
Debian
Ubuntu




The terminal (where you put in commands)

Fou@Ffou-HP-Z4-G4-Workstation: ~

:5|:|




pwd
Is

cd Music
cd ..

Navigating the filesystem

print the current working directory
list content of current directory

goto directory Music

Up one level
goto previous directory

Fou@Ffou-HP-Z4-G4-Workstation: ~/mydata

:~% cd fhome/fou/mydata/

: S cd ..
:~5 cd mydata
: $ cd ../Documents/
S cd ~/mydata
S pwd
[home ffou/mydata
S s




Why use CLI?

If you use the exact same method all the time, according to a set method available in a commercial

software — use that.
However, if you do any kind of development, research and try new methods — use Linux and CLI as well.

Most research articles involving new bioinformatics methods contains a link at the end to a git-repository.
This can be accessed via the terminal window and you then have access to their software/method on your

computer

* Working with files and text with built-in functions in Linux:

» If you want to extract the first 1000 reads from a file containing millions of reads:
head —n 4000 large.fastq > small.fastq

» Finding a sequence motif in a reads-file:
grep "ATCGGGC” reads.fastq



Why use CLI?

Pipelines

Start one script/pipeline that performs a series of operations on your data. Saves time and minimizes human errors
and hands-on time. Pipeline can be optimized for your specific needs (sequencing technology, analysis settings,
reporting etc)

Example of a pipeline structure:

For all samples of a sequencing run, perform:

”Extract 100,000 reads | quality-trim | assemble | calculate assembly metrics | typing analysis | write report”

Since they are difficult to create — we should all decide on and share pipelines to harmonize our capabilities!
(Still requires computer know-how to get them going and maintaining them)
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Commercial software:
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{@] inflADO1 (Sequence Viewer) =RRO X
File Segquence Header Annctation Tools Window
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Commercial software:
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Commercial software:
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Public server:
Galaxy

User-friendly service
where many (most)
bioinformatics
operations and
programs can be used
and put into
workflows.

Start with raw reads
and design own
workflow

You can share your
workflow with other
users

C @ O

search tools

&, Upload Data

Get Data

Send Data

Collection Operations
GENERAL TEXT TOOLS

Text Manipulation

Filter and Sort

Join, Subtract and Group

Datamash

GENOMIC FILE MANIPULATION

FASTA/FASTQ

Trim Galore! Quality and adapter
trimmer of reads

https://usegalaxy.org

@A Workflow Visualize Shared Data~ Help~ Login or Register & M

# Cutadapt Remove adapter sequences from FASTQ/FASTA (Galaxy Version 3.7+galaxy0)

Single-end or Paired-end reads?

Single-end

! Please provide a value for this option.
FASTQ/A file

D @ DO No fastg.gz, fastq or fasta dataset available.

Should be of datatype "fastq.gz" or "fasta”

Read 1 Options

3' (End) Adapters

=+ Insert 3' (End) Adapters
5' (Front) Adapters

=+ Insert 5' (Front) Adapters

5" or 3' (Anywhere) Adapters

=+ Insert 5' or 3' (Anywhere) Adapters

Cut bases from reads before adanter trimmina




Public server:
CGE

Species identification

VirulenceFinder
ResFinder

MLST

Etc

Center for Genomic Epidemiology

Organization Project Contact

Services
Phenotyping:

« ldgentitcation of acquired
antbiotic resistance genes.
BesFinder

« Prediction of a bacteria’s
pathogenicity towaras
human hosts.
PathogenFindet

« ldentitcation of acquired
viruience genes.

Typing:

« Mulli Locus Sequence
Typing (MLST) from an
assembied genome or from
@ set of reads
MLST

« PiasmidFinger dentifies
plasmids i total or partial
sequenced isolates of
dactera
PlasmgFinger

« Muli Locus Segquence
Typing (MLST) from an
assembied piasmid o from
a set of reads
fol.Xd ST

« Pregiction of bacterial
species using a fast K-mer
aigorithm,

5 "‘glE n‘!{'

Whatits %

Google maps ke view
What is known

Reports

How we can fight
VWhat is newinusual Outbroak

CLIENT SIDE

Rocommendabons Death todls

SERVER S10€

Welcome to the Center for Genomic Epidemiology

The cost of sequencing a bacterial genome is $50 and is expected to decrease further in the near
future and the equipment needed cost less than $150 000. Thus, within a few years all clinical
microbiological laboratories will have a sequencer in use on a daily basis. The price of genome
sequencing is already so low that whole genome sequencing will also find worldwide application in
human and veterinary practices as well as many other places where bacteria are handled. In
Denmark alone this equals more than 1 million isolates annually in 15-20 laboratories and globally

News

Course on the use of the CGE
tools In November 2014
Septomber 2014

The course is for clinical
miCrobICIOGISTS 10 Jeam how 10 use
ine CGE 100is. The course will be
taught In English and take place at
he Technical University of Denmark
Coursa tiyer (paf)

Benchmarking of Methods for
Genomic Taxonomy

April 2014

How 10 optimally determine
1axenomy from whole genome
sequences. LNk 10 aruca..,

CGE tools applied for
bacteriophage characterization
March 2014

Applying the ResFinder and
ViruienceFinger web-senvices for
easy dentification of acquired
antbiotic resistance and E. coll
viruience genes in bacteriophage
and prophage nuciectde
sequences. Link 1o arntcie

Evaluation of Whole Genome
Sequencing for Outbreak
Detection of Saimonelia enterica
March 2014

We evauated WGS for cutbreak
detection of Saimonesa enterica
Including ditterent approaches for
analyzing and comparing with a
traditional typing, PFGE. Link 10

Low-bandwidth and non-compute
Iintensive remote identification of



Public server:

Via EURLs

* Aries (E. coli)

» Starflow (Listeria)

Organism-specific
WGS analysis servers

O Istituto Superiore di Sanita'

ARIES - Advanced Research Infrastructure for Experimentation
in Genomics - Galaxy Instance at ISS

)

£

Galaxy Is an open, web-based platform for data intensive biomedical
research, The Galaxy team is a part of BX at Penn State, and the Biology



Public server:
lllumina BaseSpace
Cloud-based NGS

analysis service.

Free to use basic
functions but requires
(?) paid subscription
to access everything

Genomic
Data

llumina



Example — what we use at
the Swedish Food Agency

Windows computer

Commercial software for cgMLST, used
for outbreak investigations and
surveillance

Linux app that controls a pipeline for:
QC, trim, assembly, serotyping, SNP-
analysis etc.

Online servers used to quickly
determine a sequence type or AMR or
species

Linux computer

- CLI-workflows written in
Python for metagenomics,
assembly, QC, contamination
checks and SNP-typing etc

- Powerful enough to handle
large metagenomics datasets

Windows laptops

- Commercial
software for general
NGS analysis




Questions?



