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@) Learning Objectives

Main
< Understand the basic principles and differences between massive-parallel sequencing (MPS) platforms.
< Understand sample indexing and sequence (read) types.

Minor
< Understand the importance of a read data archive and be able to access such data.

< Understand the advantages, limitations and applications of MPS in e.g. genomics, transcriptomics or

metabarcoding.

GDA | 17.06.2025 | JCW



Terminal D> Introduction GD C

ys>31uny
3J3u3d)
Altsuaniq
>133usy

‘ Intermediate

O Expert
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Table.txt

A B C D E
1 SID Group Size cC Project
2 T p) M 1 P777
3 T2 b) M 1 P777
4 T3 b) S 3 P777
) T4 2 S S P777
6 15 b} XL ) P777
7 T6 b M 1 P777
8 17 b M 1 P777
9 T8 b S 1 P777
10 19 b XL 1 P777
11 T10 b xS 3 P777
12 Ti1 [ M 1 P777
13 T12 c M 2 P777
14 Ti3 [ M 2 P772
15 Ti4 c S 4 Pio
16 T15 c ) S P777
T1 - TO1

Table _new.txt

a=A

A B C D
1 SID cC Group Project
2 TO1 1 A p779
3 T02 1 A p779
4 TO3 3 A p779
5 TO4 5 A p779
6 TOS 5 A p779
7 TO6 1 B p779
8 T07 1 B p779
9 TO8 1 B p779
10 TO9 1 B p779
11 T10 3 B p779
12 Ti1 1 C p779
13 T12 2 C p779
14 Ti3 2 C p779
15 Ti4 4 C p779
16 T15 5 C p779
P777 = p779

GOC
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## Get Table

GOC
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curl -0 https://www.gdc-docs.ethz.ch/GeneticDiversityAnalysis/GDA/data/Table.txt

## Show Table
cat Table.txt

HFHRHFHRHFHFHFHFHRHHFHFFHFHRHHR

SID
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T13
T14
T15

Group Size

Q Q0 aQQ o oocococoYw 999 9 0

M
M
S
S
XL

1

(O2 BT \O R O R N OV el T T O 1 I O 2 B OS I

P777
P777
P777
P777
P777
P777
P777
P777
P777
P777
P777
P777
P777
P777
P777

CC Project

W o NOW»bHE WN -

SID
T1
T2
T3
T4
5
T6

T8

T10
Ti1
T12
Ti3
Ti4
T15

Table.txt
B C
Group Size
2 M
2 M
2 S
b) S
3 XL
b M
b M
b S
b XL
b xS
C M
c M
c M
c S
c S

T B NN W w2 o

Project
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## Transform Table
awk

## Show NEW Table
cat Table new.txt

HFHRFHRHFHFRHFHFHRHHFHRFHFHRHHR

SID
TO1
TO2
TO3
TO4
TO5
TO6
TO7
TO8
TO9
T10
T11
T12
T13
T14
T15

|
if (NR==1) print $1,$4,$2,$5;
else if(length($1)>2) print $1,$4,toupper($2),"p779";
else print "TO0"substr($1,2,3),$4,toupper($2),"p779"
}' Table.txt > Table new.txt

CC Group Project

U NN WRRRROOWR &
QOO wWwWwWwWwwww

p779
p779
p779
p779
p779
p779
p779
p779
p779
p779
p779
p779
p779
p779
p779

0 NV DS WN

SID
T01
TO02
TO3
TO4
TOS
T06
T07
TO8
TOS
T10
Ti1
T12
T13
Ti4
T15

Table _new.txt

LB NN WREE B LW =02 o

o

nnnnnwwwww>>>>>§ ~

o

D
Project
p779
p779
p779
p779%
p779
p779
p779
p779
p779
p779
p779
p779
p779
p779
p779

GOC
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# exclude header line
# change project number
# rename sample < 10
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Alternative solution providing a bash script:

## Get Table
curl --verbose -0 https://gdc-docs.ethz.ch/GeneticDiversityAnalysis/GDA/scripts/reformat table.sh

# Make the script executable
chmod a+x reformat_table.sh

# run the script but make sure the Table.txt file is in the same directory
./reformat_table.sh Table.txt

## Show NEW Table

cat Table new.txt
CC Group Project

HFHRHHFHFHRHFHFHRHFHHRHRHHHHR

SID
TO1
TO02
TO3
TO04
TOS5
TO6
TO7
TO8
TO9
T10
T1l1
T12
T13
T14
T15

OB NNFWRRRROUWRR
QOO0 QWWwWwWw®» PP

p779
p779
p779
p779
p779
p779
p779
p779
p779
P779
p779
p779
p779
p779
p779

O 00 NS WN =

[
aLhBLRESB

SID
T01
TO02
TO3
TO4
TOS
TO6
T07
TO8
TOS
T10
Ti1
Ti2
Ti3
Ti4
T15

Table_new.txt

N BN N - Wk W H~F§ @

o

nnnnnwmwmw>>>>>§ (2]

©

D
Project
p779
p779
p779
p779
p779
p779
p779
p779
p779
p779
p779
p779
p779
p779
p779

GOC
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N m L~ (0]
= 2] - ]

Different OSs and Versions

Windows
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I CAME FROM A
DISTANT PLANET TO
BRING YOU ADVANCED
TECHNOLOGY, BUT NO
ONE HERE WILL LISTEN!

I AM A SUPERIOR
BEING, YOU MORON!
LISTEN TO WHAT I
TELL YOU AND THEN

DO IT!

.dilbert.com scottadams® acl.com

© Scott Adams, Inc./Dist. by UFS, Inc.

I FIRED HIM
BEFORE HE STARTED
YAMMERING ABOUT

LINUX,

/

EASY COME,
EASY GO.

12507 ©2007Scott Adams, Inc./Dist. by UFS, Inc.

GOC
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A graphical user interface (GUI) - often pronounced
gooey - an interface that allows the user (you) to interact

with programs in more ways than typing.

FriNov S, 9:51 AM |ean_claude walser [§] 4

‘Q Applications Places System i = 0
@

A

Genome Home - Mozilla Firefox o x
Fle Edt View History Bookmarks Tools Help (] GARLIC 1.6 - Copyright (C) 2000-2006 Damir Zucic
~ v ¢ - [ 22 | httpypwww.ncbi.nlm.nih.gov/genome/ v ‘Ev r crain Q bin - Flle Browser
[2 Most Visitedv @ Getting Started [Latest Headlinesv tw Go Bookmarks Tabs Help
= Genome Home 3 | (@ The Comprehensive R Archiv... &3 v L 3 G = = ve
ot ) Up Reload Home  Computer Search
P ® wiC - N3 My NCBI H
o _u_ =
P TR e " SGenome n: [/bin | & so% © |ustview v
tide P . ructure MIM als Book
f _ a— 2 e = d @ Name v Size Type Date Modified
Gi cl
v for | || oo sar @ bash 811.0 KB executable Mon 12 May 2008 08:49
Limits | Preview/Index History | Clipboard | Details Q bunzip2 30.4 KB executable Mon 23 jun 2008 10:02:
The Genome database provides views for a variety of » Rollledn:aurcn ‘a R-2.12.0.tar.gz [read only] =T
genomes, complete chromosomes, sequence maps with En Genome T B v
contigs, and integrated genetic and physical maps. The Project complew and a = P
database is organized in six major organism groups: incomplete large-scale - ) 2 =
~haea Racteria Fukarvotae Virue i saquancing projects v
Archaea, Bacteria, Eukaryotae, Viruses, Viroids, and Fnt"ﬂ?%"”tﬂ'n New  Open Extract
Plasmids and includes complete chromosomes, organelles ?T—
ClUSLErs acollection
and plasmids as well as draft genome assemblies. ot relatod protein &aBack ¥ ®  Location: w2120/
sequences . -
Total species (6621) Eukaryotic Name v | Size Type Date Modified
CUKAryotc
me {= share 451.4KB Folder 15 October 2010,..
{= sre 42.7 M8 Folder 15 October 2010,...
le Edit View Search Jools Documents Hel
Be E = 8 I o Heb | & tests 2.1MB Folder 15 October 2010,..
— o . = . .
B & .8 = B | & & & tools 396.5KB Folder 15 October 2010.,...
Ni O S Print... Past Find Repl
aw_Spen ave " e " place ChangeLog 0 bytes ChangelLog ... 17 March 2010, 1..
¢ configure @ o || config.site 8.9k8 unknown 13 July 2010, 00:05
lee | configure 13MB M Calculator -l 0]j(x
XX WError 5 3 X Werrc lag configure.ac 79.4 KB Calculator Edit View Help
X = . g*
cat confdefs.h - << ACEOF >conftest.g§ac_ext (el 17.6%8 0
* end confdefs.h. * | INSTALL 1.7 k8
int Makeconf.in 4.1k8
'(“a'»" ' || Makefile.fw 6.5k8 Bksp CE clr =
Chromosome ) (@ jew@lobaria: ~ —Jomx)f 12Ma) 7 8 9 +
il d return O; file Edit View Terminal Tabs Help
Organe ) — . =
jewglobaria:~$ []
_ACEOF
if ac_fn_cxx_try_compile *$LINENO"; then : =
3C_CV_prog_cxx_g=yes
fi +
rm -f core conftest.err conftest.gac_objext conftest.sac_ext]
fi
mm_-f rore conftest arr confrest gac ohiext confrest sac ext
Ln 7344, Col 61 INS
= = @ Genome Home - Mozi... | [™ garlic B calculator wn bin - File Browser B jcw@lobaria: ~ & R-2.12.0targz [read 0... | [ configure (~/fr-FXqvQ... a

[ ]

GUIs are nice but limited. Don’t be afraid to use the terminal!

ystdnz
3J3u3d)
Altsuaniq
>133usy

GDA | 17.06.2025 | JCW



Terminal D> Introduction GDC

ys>31uny
3J3u3d)
Altsuaniq
>133usy

“Where there is @ shell, there i$ @ weay,”

GUls were introduced in reaction to the steep learning curve of command-
line interfaces (CLI), which require commands to be typed on the
keyboard. Since the commands available in command line interfaces can
be numerous, complicated operations can be completed using a short
sequence of words and symbols. This allows for greater efficiency,

productivity once many commands are learned, and better

reproducibility.
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Once upon a time, computers spoke only in cryptic spells typed by brave command-line wizards. These
early users, armed with nothing but a blinking cursor and pure willpower, tamed machines by uttering
arcane incantations like grep, awk, and chmod 775. It was powerful—but only if you had the patience

of a monk and the memory of an elephant.

Then came the Graphical User Interface (GUI), a shiny new toy meant to rescue humanity from mistyping
rm —-rf / and accidentally deleting the universe. GUIs introduced buttons, windows, and icons - tools

for the rest of us, who prefer dragging and clicking over memorizing which flag does what in a 12-word

command.

Yet, ironically, while GUIs made computers more approachable, the command line didn’t go away. Why?
Because once you master its secret language, you can perform sorcery at lightning speed: batch-
renaming files, deploying software, or bending entire servers to your will - often in just a single line. It's

like riding a bicycle that can also fly, once you stop falling off.

So yes, GUIs are friendly. But CLIs? They're fast, efficient, and reproducible. Just... maybe keep a cheat
sheet handly.

12 GDA | 17.06.2025 | JCW
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Shell - Terminal (X

Shell is a UNIX term for the interactive user interface with an
operating system. The shell is the layer of programming that
understands and executes the commands a user enters.

Bourne-Shell (sh)
Korn-Shell (ksh)
C-Shell (csh)
TC-Shell (tcsh)
Bourne-Again-Shell (bash)
Debian Almquist Shell (dash) o

Z-Shell (zsh) 30 1
A-Shell (ash) Wha®
PowerShell / cmd.exe

13 GDA | 17.06.2025 | JCW
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N m o ()]

Ajtsuant

Bash > zcat file.gz

Zsh > zcat < file.gz

Bash > sed -i 's/d/D/2' file.txt

7Zsh > sed -1i"" "s/d/D/2" file.txt

14 GDA | 17.06.2025 | JCW
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Change Shell

echo ${SHELL}
#which zsh
#which bash

## Bash > Zsh
chsh -s /bin/bash

## Zsh > Bash
chsh -s /bin/zsh

GOC
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Which one is better? Both shells will get the job
done. The bash is a bit outdated (version 3.2 -
2006). Many of the conveniences provided by
zsh can be made available in bash. It seems zsh

is more helpful to newer shell user.
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bin

directories >

sub-directories >

home directories> UserA

TMP

I_‘

NGS

SSH

eBooks

Music

var
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Command - Line
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Built-in Help

> info <command>

> info 1s

> man <command>

> man 1s

* press Q to leave info or manual

GDA | 17.06.2025 | JCW
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MEGA TERMINAL

CHEAT SHEET

Keyboard shortcuts core tasks pipes & redirects § more
editing text (always works) ways fo quit glob expansion refgric’rffol a file: o 1, B history
back (almos?) Ctrl+C quit (SIGINT) cm 1le.txt il + L *'\ look at history:
ckspace expand filenames with program 1Ty histor
Ctrl+Ww delete word Ctrl+Z stop process (SIGTSTP) s * Salob” 1 y
Ctrl+U  delete line fresare i:;;”’;i%)"' bg S Z-Png gl (append mode)q search history:
(except in text editors) T expand in all subdirectories: append to a file: Ctrl+R
Ctrl+D quit (in a REPL) we k%/%.txt cmd >> file.txt
. ot 0 o U (not all shells support %+ though) rerun prev command as root:
r 1
editing text q include files starting with a dot: send a file to stdin: - sudo !! “~~bash/zsh
i Enter ~ . exit frozen 3 . : le. 1 [T N . . .
‘fehiiﬁn‘e’fﬁﬁ ;’?\:‘;f:gn? SSH session Ls cmd < file.txt [Fite.txt Howd & 2O ] rerun ll';: 33 from history:
Ctrl+\ send SIGQUIT - ' “~bash/zsh
arrow keys (quit and core dump) switch users redirect stderr to a file: o 1, B ]
Ctrl+A - . i = Sl EC N add a directory to
or Home beginning of line run a co(r;mqnddqs root with sudo cmd 2> file. txt 5 goulr PATH Y
other useful stuff sudo cm .
E:réa;E end of line or start a new shell as root: redirect stdout AND stderr: at the end:
Ctrl+L  clear screen su omd > file.txt 2>&1 [ Hew Y :. export PATH=$PATH:/my/dir
Ctrl+2arrow (e¢t/rioht a word Ctrl+R  search history -or- o
keys N A?t o . hat - -~ ond & file.txt at the beginning:
or sometimes + unfreeze screen (tha change directorie = ir:
o rron keys Ctrl+Q you accidentally frose ge direcrories export PATH=/my/dir:$PATH
or Sption®ieys with Ctrl+s) go to home directory: pipe stdout: pee o .
or Alt+b /ALt+f cd cmdl | cmd2 e o BRs %}g :?f?Sh fpe(.igr]mx is
cooy and paste go fo prev directory: i rryerent, fike:
Ctrl+K delete forward PY P od - set PATH $PATH /my/dir
i? your fﬁrminal emulator, to / Jdi pipe stdout AND stderr:
Ctri+y aste it's usually: go to /some/dir: ' z D
r P ) cd /some/dir emdl 2581 | cmd2 He & ‘no’g
X X Ctrl+Shift+C/V .
Ctrl+H might help if cnd + PATH debugging
Backspace doesn't or Cmd +C/V R ho h PA + +
work if selecting text doesn't work, sef environment variables mana9|n9 PrOCCSSCS :wnw“i:.c PATH entry on s
also many shells have a "vi mode" fry holding shift set a variable for one command: ho "$PATH” | tr ':' '\n’
if that's your jam env NAME=val cmd killing programs job control echo r: n
mouse stuff that = send a SIGTERM: find the first time a program
e stuff ¢ NAME=val cmd ] — . pres
in less might wor (they do almost the same kill PID ot ;g?gg}%d:d appears in PATH:
Option+click | thing but 1 prefer the env send a SIGKILL (can't be ignored): v / which CMD
/ search : place cursor ) preve T ¥ S A
or Alt+click version because it behaves kill -9 PID = 4
n/N next/prev match the same in every shell) & fg find all instances of program
/PageD P scroll wheel scroll kill all processes with python3 b in PATH:
space/PageDn  scroll down set it for the whole session: anywhere in its arguments: & - - ’
-f export NAME=val pkill python3 > Eﬂﬂg%ﬂ%d which -a CMD
also what you put in your . .
IX|ng brOKen OU'I'PU'I' éash/zsh co%%igpfi(el +09 ur, Kil all processes named python3: ot iobe. ask your shell if CMD is a
. . it permanently, in fish it's killall python3 JP% liste numbered jobs, function or alias or program:
fix messed up terminal force program not to set -x NAME val) jobs &~ you can refer
: see what's using all your CPU: ?h Ko ° type CMD
clealr the screen: buffer its output view environment: top or htop em like %2
clear
; +h- env find rocess's PID to Kill it: ;
. make its output a TTY with: ind a process's ° stop a program from closing .
gzkf:hfe;::ﬁcgigim:lqmr ¢ unbuffer CMD search environment: $ ps aux_| grep python3 when the terminal tab is closed: aliases
iy 9: env | grep MAIL bork ... python3 nohup CMD : _n "
. 7 X o alias 11="1s -1
(or just open a new tabl) the PID disown %1

yostuny

3J473ud)

A3Tsuaniq

S133UuUdY

wizardzines.com/terminal-cheat-sheet.pdf
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pwd - print name of current/working directory

> pwd
- /home /ME
| I | I | | | > cd ${HOME}
bin etc user tmp var > de
r"'t'-'T /home /ME
> cd -~
UserA ME UserC
> pwd
> pwd ihzge/ME
/home/ME
/home /ME
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mkdir - creating/making directories

/
bin etc home tmp var
UserA ME UserC
GDA
> mkdir ME/GDA
I > mkdir ME/GDA/Terminal
Terminal

Alternatively, use option p to create diretories and sub-directories

> mkdir -p ME/GDA/Terminal
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cd - change directory

/
bin etc home tmp var
UserA ME UserC
I Alternative

' GDA > cd GDA > cd GDA/terminal

Terminal > cd terminal
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ways to go home

/
1 1 [ 1T 1
bin etc home tmp var
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Local
Software
Management

Software
Dependencies

Parallel
Versions
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CONDA

Package, dependency and environment management for any language—
Python, R, Ruby, Lua, Scala, Java, JavaScript, C/ C++, FORTRAN. Conda as a
package manager helps you find and install packages. If you need a package
that requires a different version of Python, you do not need to switch to a
different environment manager, because conda is also an environment
manager. With just a few commands, you can set up a totally separate
environment to run that different version of Python, while continuing to run
your usual version of Python in your normal environment.

GDA | 17.06.2025 | JCW
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BIOCONDA

Bioconda is a channel for the conda package manager specialising in

W

»

VN

=N

b

N
=
g
A

bioinformatics software. The conda package manager makes installing software
a vastly more streamlined process. Conda is a combination of other package
managers you may have encountered, such as pip, CPAN, CRAN,
Bioconductor, apt-get, and homebrew. Conda is both language- and OS-
agnostic, and can be used to install C/C++, Fortran, Go, R, Python, Java etc

programs on Linux, Mac OSX, and Windows.
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N m o ()]

Ajtsuant

python --version

# Python 2.7.15

bwa

# -bash: bwa: command not found
blast -help

# -bash: blast: command not found

conda info --envs
source activate aligners
conda info --envs

python --version
# Python 3.6.7
bwa

blastn -help

27 GDA | 17.06.2025 | JCW
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1. Portability: Containers are portable and can be
deployed across different systems without
modifications. They encapsulate the application and
its dependencies, ensuring consistent behaviour
regardless of the underlying infrastructure.

. Scalability: Containers enable applications to be
easily scaled horizontally by running multiple
instances of the same container across a cluster of
machines. This allows for efficient resource utilisation
and the ability to handle increased workload
demands.

. Efficiency: Containers share the host operating
system's kernel and only require the necessary
dependencies, making them lightweight and
resource-efficient compared to traditional virtual
machines.

. Isolation: Containers provide a level of isolation
between the application and the host operating
system, as well as between different containers. This
isolation helps prevent conflicts between
applications and improves security by limiting the
impact of any potential vulnerabilities.

. Rapid deployment: Containers simplify the
deployment process by providing a consistent
environment. They can be quickly started, stopped,
and updated, allowing for fast and efficient
application deployment and rollbacks.

Containerisation is a technique used in software development and deployment that allows applications and
their dependencies to be packaged together into self-contained units called containers. Containers
provide a lightweight and isolated runtime environment that can run consistently across different computing
environments, such as laptops, servers, or cloud platforms.
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1. Reproducibility: Singularity enables researchers to
_ _ create and distribute containers that encapsulate
Cryptograpr?lcallly s.ngned and their entire software stack, including the application,
encrypted Sm'gu arity Image libraries, and dependencies. This ensures that the
Format container . . . .
environment remains consistent and reproducible
across different systems.

- High Pel:formance [ﬁ 2. Compatibility with HPC: Singularity is designed to
\A) APPTAINER i Computing (HPC) )[ ) ] seamlessly integrate with HPC clusters and resource
F y Take your secured managers commonly used in scientific computing. It
) [ J application anywhere, allows users to leverage specialised hardware
Metadata, docs, run scripts with all its dependencies resources, such as GPUs and high-performance

N security model that focuses on user isolation and
Application(s) . ] ]
system.s, GPU and high containment. It ensures that users can run containers
speed interconnect

securely without requiring escalated privileges,
hardware, MPI, and . . . . .
making it suitable for multi-user HPC environments.

HPC schedulers. - . . :

4. Mobility: Singularity containers are portable and can
be easily shared, distributed, and run on different
systems, including local workstations, clusters, and
cloud platforms.

5. Interoperability: Singularity supports a wide range
of container image formats, including Docker,
making it possible to leverage existing container
images and workflows.

Libraries & Dependencies Local Workstation

and environment. interconnects, while still providing isolation and
Environment Configuration ¢ Cloud Resources security.

Apptainer integrates 3. Security and user isolation: Singularity employs a

seamlessly with file

Base Operating System

Singularity (Apptainer) is an open-source containerisation platform that focuses on providing secure and
reproducible environments for scientific and high-performance computing (HPC) workloads. It was
developed specifically to address the challenges faced by researchers and scientists when working with
complex software stacks and specialized computing resources.
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#!/usr/bin/perl -w
use strict;

my S$Sinput fasta=S$ARGV[O0];
open(IN,"<$input fasta") || die ("Error opening $input fasta $!");

my S$line = <IN>;
print $line;

while ($line = <IN>)
{

chomp $line;
if ($line=~m/">gi/) { print "\n",$line,"\n"; }
else { print $line; }

}

print "\n";
perl fa2one.pl multiple.fa > one.fa
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#!/usr/bin/perl -w
use strict;

# Perl script to reformat fasta files
# Usage: perl fa2one.pl multiple.fa > one.fa

my S$Sinput fasta=$ARGV[0];
open(IN, "<$input fasta") || die ("Error opening $input fasta $!");

my $line = <IN>;
print $line;

while ($line = <IN>)

{ . . .
chomp $line; / limiting factor

if ($line=~m/">gi/) { print "\n",S$line,"\n"; }
else { print $line; }

}

print "\n";
perl fa2one.pl multiple.fa > one.fa
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