=
—
—

i

INTRODUCTION TO
BIOINFORMATICS

PRESENTED BY: PRAISSY ZEFI J (DTU)
CONTACT: pzeje@dtu.dk

Date Technical University of Denmark Title



=
=
=

i

LEARNING OBJECTIVES

‘ Understanding sequencing output and files generated >

‘ File storing, naming, sharing and protection guidelines >

‘ Introduction to Operating systems >

‘ Introduction to Bioinformatics >

Evading conflict issues using docker containers, virtual machines and environments>

Technical University of Denmark
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SEQUENCING OUTPUT

Data generated after sequencing DNA - in the forms of sequence with quality scores

Can be in the form of chromatograms, text files or tables - files will be raw reads, mapped reads, aligned

reads and corresponding quality scores

Analyzed using bioinformatic tools to interpret it biologically

ILLUMINA - FASTQ format ( filel23.fq) ‘ ‘ ONT = FAST5 , POD5 format, FASTQ format ‘

@ERROO0589.41 EAS139_45:5:1:2:111/1
CTTTCCTCCCTGCTTTCCTGGCCCCACCATTTCCAGGGAACATCTTGTCAT
+

SIITIITITITIIITII>IIITIFFOBGOSEOOINIG+&? (4)%00646.C1l#&(
@ERROOO589.42 EAS139_45:5:1:2:1293/1
AGTTGTTAAAATCCAAGCCAATTAAGATAGTCTTATCTTTTTAAAAGAAAT
+
ITITIGIT.AIIII=?19G-/II=+1=47761BA2C9I+5A711+&>1$/1I

Technical University of Denmark
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ILLUMINA SEQUENCING - OUTPUT FILE

FASTQ file: text-based sequencing data file format = stores raw sequence data and quality scores
viewed using text-based editors or command line systems

@ERRO00589.41 EAS139_45:5:1:2:111/1
CTTTCCTCCCTGCTTTCCTGGCCCCACCATTTCCAGGGAACATCTTGTCAT
+

3IIIIIIIIIIIII>1IIIFF9BGOSEQOOI%IG+&? (4)%00646.C1#&(
@ERRO00589 .42 EAS139_45:5:1:2:1293/1
AGTTGTTAAAATCCAAGCCAATTAAGATAGTCTTATCTTTTTAAAAGAAAT
+
IIIIIGII.AIIII=?I9G-/II=+I=47761BA2C9I+5A711+&>1$/1

SEQUENCE IDENTIFIER

SEQUENCE
SEPARATOR

QUALITY SCORES

OOtk W =

FASTQ ORA Sequence File Format -
binary compressed file format of the text-based FASTQ file format
Up to 5x smaller than corresponding fastq.gz files without compromising data integrity

Technical University of Denmark
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Quality score, [ = -10logl0(e)
e - estimated probability that base call is wrong

(Q20) > error rate of 1in 100 (meaning every 100 bp sequencing read may

contain an error) i.e. accuracy = 99%.

QUALITY SCORES

Each basecall = quality predictor values

Quality table / Quality list = lists combination of quality predictor scores

Technical University of Denmark

QUALITY SCORE | ERROR PROABILITY

Q40
Q30
Q20
Q10

0.0001 ( 1 in 10000)
0.001 ( 1 in 1000)
0.01 ( 1 in 100)

0.1 (1in 10)

Q SCORE Example of empirically
BINS mapped Q scores

N (no call)
2-9

10-19
20-24
25-29

N (no call)
6

15

22

27

Quality score binning

Title 5
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ONT SEQUENCING - OUTPUT FILES

Basecalling - process of converting the electrical signals generated by a DNA strand passing through the

nanopore = corresponding base sequence of the strand

Raw data = changes in ionic current - measured by MiniKNOW

software

“Signals” - “reads” > POD5 output

FASTQ files also produced

Basecalling algorithm -> 4000 reads / file

ONT Basecallers = MiniKNOW, Dorado, Research algorithms

Output files - POD5, FAST5 , FASTQ

Oxford Nanopore e , . . , ] "
Tochnologies % [ Apphcations Wtore e Hnee upport A ]

MinKNOW

(MKE_1013_v1_revDK_25Apr2025)

HOME DOCUMENTATION  DOCUMENTS | MinnnDw

€ Return to documentation - QOverview

Quick start guides nstro for working with MinKNOW. If using for the first tir
Document vervion: MKE 1093 v1 revDX 29Apr2029

1. Quick start guides introduction

Introduction

luding data acquisl real-time analysis, basecafling, o

Computer requiremaents for MInKNOW u 1 oul

2. MinION MK18 and MinION MK1D quick start quide
Downloading and installing MInKNOW

The MIinION MAEITR and MintAN kN

https://nanoporetech.com/document/experiment-companion-minknow

Technical University of Denmark
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ONT SEQUENCING - OUTPUT FILES

PODS files - Fast5 - implementation of HDF5 file format, with specific
« More accessible data schemas for ONT sequencing data

 Reads and writes faster  HDFS5 file format - a portable file format for storing and

« Occupies less space managing data

- Data stored using Apache Arrow * FASTQ files

O Product Solutions Resources Open Source Enterprise Pricing

W nanoporetech / ont_fastS_api

<> Code ) fssues B Il Pl requests () Actiors [ Project

F omaster - F 18anch O 34 Tags

o ont-slbacore-bot

https://qgithub.com/nanoporetech/pod5-file-format

https://qithub.com/nanoporetech/ont fast5 api

Technical University of Denmark
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FILE NAMING GUIDELINES

IDENTIFY YOUR FILE TYPE

USE VERSIONING

SORTING AND RETRIEVING FILES

FILE NAMES

N NV N NV NV

CONFIDENTIALITY AND SECURITY

AVERVERVER Va4

Technical University of Denmark

How it How it's
started going

final.doc final final final

final v2

submitted

final.doc

finished
+ E oo ion - B v & v
Name Date Modified
v FINALS
I Final.paf

v THIS ONE_ FINAL LATEST Today, 6:15 PM

B Screen Shot 20...9 at 1.59.20 PM
I Final.psd
v FINAL _FOR_REAL
[*=] Final_print.pdf
Final_print.ai

FOTTCITRES T8 800K

Untitled 241.doc |
Untitled 138 copy.docx
Untitled 138 copy 2. docx
Untitled 139. docx

Untitled 40 MOM ADDRESS.jpg
Untitied 292.doc

Untitled 243.doc

Untitled 243 IMPORTANT. doc |
G

X 0///«77@0.

PROTIP: NEVER LOOK, IN SOMEONE.
ELSE’S DOCWMENTS FOLDER.
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FILE NAMING GUIDELINES / \

|dentify multiple versions of the same file
> IDENTIFY YOUR FILE TYPE >

EXAMPLE:
Bacteria_203.fasta

salmonella 22.fastq

samplefromasia.fasta

EXAMPLE:

salmonella_bhutan 20190911 024.fastq
salmonella_bhutan 20190911 025.fastq
ecoli_asia_0022.fasta
ecoli_asia_0228.fasta

Technical University of Denmark
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FILE NAMING GUIDELINES /7 e

 Identifying sample origin
 Identifying sample ID
 identifying duplicates

> USE VERSIONING > > EXAMPLE:

Salmonella_lllumina_batch_final.sh
Salmonella_lllumina_batch_final_FINAL.sh
Salmonella_ente_lllumina_batch_final.sh

EXAMPLE:

salmonella_illumina_batch_v01.sh

salmonella_illumina_batch_v02.sh
salmonella_illumina_batch_v01 01.sh

Technical University of Denmark
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FILE NAMING GUIDELINES / \

+ date, isolate ID , sample name , sequencing method
* sequencing method, sample name , isolate ID , date

EXAMPLE:

salmonella_2017.fasta
salmonella_20171.fasta
\ illumina_salmonella_2017.fasta

EXAMPLE:

@ sorted correctly @ Sorted correctly salmonella_illumina_20171203 0022.fasta
‘ salmonella_illumina_20171203 0023.fasta

Ifilel.csv file0Ol.csv

£ilel0.csv £ile02 .csv 20171203 _salmonella_illumina_001.fasta

20171203 _salmonella_illumina_002.fasta
filel0.csv 20171203 salmonella_illumina_003.fasta
20171203 _ecoli_illumina_001.fasta
20171203 _ecoli_illumina_002.fasta

file2.csv

Technical University of Denmark
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FILE NAMING GUIDELINES/ o d \

* Avoid full stops

» Avoid special characters

* Avoid long names

* Maybe abbreviations

* Follow consistent date format ( YYYYMMDD )

EXAMPLE:

salmonella_sample_first.fasta
salmonella_sample_second_last.fasta
salmonella_sample_last.fasta
salmonella_sample_last LAST.fasta

N
FILENAMES >
D >

EXAMPLE:

salmonella_india 20231212 001.fasta

salmonella_india 20231212 098.fasta
salmonella_india 20231212 099.fasta
salmonella_india 20231212 100.fasta

Technical University of Denmark



HASH”\lG Passwords
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@
B

Exploit data @

v

v

2cf24dbab5fb0a30e26e83b2achb

MD5 HASH MD5 Hash Generator

Use this generator to create an MDS hash of a string:

helio

DATA + HASHING FUNCTION = HASH
Cannot get original data from a HASH
Same DATA = Same HASH : Different data = Different Hash

verified by using HASH YourSting  helo
MD5 Hash 5054 1402abcAb2a76b07 190811017582 | Copy 1 ‘

Has the HASH been altered?

https://www.md5hashgenerator.com/

Technical University of Denmark Title



https://www.md5hashgenerator.com/

CHECKSUMS
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@ 1001
w @ 0101 ENNO
0123

10

% . é - ﬂ}) [OUTPUT].

WEBSITE @,
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h b
Data 2 / i \ Hash 2
» OQutputs a fixed 256-bit (64 hexadecimal

characters) hash from any input. N
* Input data — passed through a cryptographic e < I;li <

hash function — outputs a unique hash

« SHA-256 - Secure Hash Algorithm 256-bit

Hash 2
« Even a 1-bit change in input = a completely

different hash SHA family Hash characters

. SHA-1 160 bits 40 characters
« same input = same hash
SHA - 224 224 bits 56 characters
e 4 bits =1 character _
SHA - 256 256 bits 64 characters
SHA - 384 384 hits 96 characters

SHA -512 512 hits 128 characters

Technical University of Denmark
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LINUX / UNIX operating systems

L
the suite of programs which make the computer work L’L

It is stable, multi-user, multi-tasking system for servers, desktops and laptops

kernel allocates time & memory, handles the filestore and communications

interface between user and kernel = command line interpreter (CLI)

programs core set of utility programs to carry out actions like file management

LINUX vs UNIX = share the same idea of the shell and kernel mark@linux-desktop: ~

File Edit View Search Terminal Help
UNIX - used for high end operations mark@linux-desktop:~$ pwd
/home /mark

LINUX > easily downloadable and operable PACKGL AN deskiap

Technical University of Denmark
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UNIX COMMANDS

Allows users to customize shell environment and write
own shell scripts
Usage of pipes (|) = links workflows unidirectionally

Eg: Is | grep file.txt

root@gfgubunl: /home/jayesh# 1s
file.txt
'hello jayesh this side'

root@gfgubunl: /home/jayesh# 1ls | grep file.txt
file.txt

root@gfgubunl: /home/jayesh# I

More commands .....

https://www.w3schools.com/bash/

BASIC UNIX COMMANDS

Technical University of Denmark



https://www.w3schools.com/bash/

=
—
—

i

Linux / Unix
TUTORIAL

Date Technical University of Denmark

Title 18


https://workbench.nbt.or.th/hub/login?next=/hub/




g BIOINFORMATICS

Using computer technology to collect, store, analyze and disseminate biological data

GOALS:
« Development of efficient algorithms Vil -
* Extension of experimental data by predictions ,f’/smasucs_ \ Biology ,

* Increase understanding of biological processes

Computer
Science

» Interpretation of biological data to correlate results

« Solve practical problems in data storage, management and sharing

DATA IN BIOINFORMATICS
Classic data: DNA sequences of genes, full genomes , amino acid sequence of proteins

“omics” data: transcriptomics, proteomics, interactomics, metabolomics

Metagenomics and Metaproteomics

Technical University of Denmark
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COMPUTATIONAL COMPONENTS

s
e

= OPERATING SYSTEMS
T Wl OFFRATNGSYSTEWS
Cat=e ]

SOFTWARE TOOLS

P R PROGRAMMING LANGUAGES

i

BIOCONDA
S v
= 7 DDBJ

NCBI

WORKFLOW MANAGEMENT SYSTEMS
= Galaxy

PROJECT

flow legmm
nesarTiow 3

Technical University of Denmark

High-performance computing (HPC) clusters
Cloud-based servers = AWS, Google Cloud, Azure

Local machines - workstations or laptops

Windows, Mac, Linux, UNIX

Sequence alignment tools = BLAST, BWA
Data visualization tools = IGV, UCSC Genome Browser

Statistical tools =2 R, Bioconductor

Python, Perl, R, Bash

Conda, Bioconda, ....

NCBI, UniProt, EMBL,

Nextflow, Snakemake, Galaxy




I COMMON ISSUES !

I.  Dependency conflicts
ii. Installation issues
lii. Reproducibility concerns across systems

SOLUTION
Docker containers, Virtual Machines
Or using environments !
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Developing Oracle weblogic software Testing out the software Deploying the software
Installation — 3x !l!!

Technical University of Denmark
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DOCKER CONTAINERS

« Open-source containerization software platform Docker Docker Docker
container 1 container 2  container 3

« Create deploy and manage applications in containers
« Applications + environment - provided in parallel
Steps:

I. Develop application and supporting components

using containers

li. Container = unit for distributing and testing out
application DOCKER ENGINE

lii. Deploy application into production environment (local
| | HOST OS
data center / a cloud provider / hybrid )

INFRASTRUCTURE

Technical University of Denmark
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CONTAINERS

« Containers help in creating an isolated environment - “sandbox” Docker Docker Docker
container 1 container 2  container 3

» Virtualize the host OS and isolate an applications dependencies
from other containers running on the same machine

« Uses = portability, lightweight, less disk space, secure, speed

« Container engine + container image = package of application + its
dependencies

Advantage

v'No need to run separate operating system / application DOCKER ENGINE

v  Lower costs
HOST OS

v'Higher resource utilization

INFRASTRUCTURE

Technical University of Denmark
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VIRTUAL MACHINES

VM = individual computer inside a host machine
(computer)

 Multiple VMs can live inside a single host machine

* Uses host machine’s hardware

» Hypervisor = piece of software that virtualizes the
host’s hardware and manages feeding resources to the
VMs

Disadvantages:

v’ computational overhead

v Own OS installed = requires several Gb of storage

v Takes time to install = has to be done each time

Technical University of Denmark

Docker Docker Docker
containerl  container2  container 3

Bins/Libs 1 Bins/Libs
| GuestOS I GuestOS !

HYPERVISOR
HOST OS

INFRASTRUCTURE



COMPUTING ENVIRONMENTS IN BIOINFORMATICS

HE

environments make it easy to install a wide variety of command-line tools = prevents them from interfering with one another

=8 BIOCONDA

CONDA Mamba

Speeds up conda installations

Additional packages in Bioinformatics

Main framework
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COMPUTING ENVIRONMENTS IN BIOINFORMATICS

environments make it easy to install a wide variety of command-line tools = prevents them from interfering with one another

]

CONDA

Main framework

 Create environments

« Listing environments

* Installing packages

« Specifying channels

Technical University of Denmark

BIOCONDA

Mamba

Speeds up conda installations Additional packages in Bioinformatics

conda create -n <env-name: conda create -n myenvironment python numpy pandas

conda environments:
conda info --envs
base /home/username/Anaconda3
myenvironment  * /home/username/Anaconda3/envs/myenvironment

# via environment activation
conda activate myenvironment
conda install matplotlib

# via command line option
conda install --name myenvironment matplotlib

conda install conda-forge::numpy

https://docs.conda.io/projects/conda/en/stable/user-guide/getting-started.html



https://docs.conda.io/projects/conda/en/stable/user-guide/getting-started.html

COMPUTING ENVIRONMENTS IN BIOINFORMATICS

HE

environments make it easy to install a wide variety of command-line tools = prevents them from interfering with one another

=8 BIOCONDA

CONDA Mamba

Speeds up conda installations

Additional packages in Bioinformatics

Main framework

mamba create -n nameofmyenv <list of packages>

* Create environments

Listing environments and installing packages ba ineraln

mamba create -n myjlabenv jupyterlab -c conda-forge

mamba activate myjlabenv # activate our environment
jupyter lab # this will start up jupyter lab and open a browser

https://mamba.readthedocs.io/en/latest/user guide/mamba.html

Title 29

Technical University of Denmark



https://mamba.readthedocs.io/en/latest/user_guide/mamba.html
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COMPUTING ENVIRONMENTS IN BIOINFORMATICS

environments make it easy to install a wide variety of command-line tools = prevents them from interfering with one another

]

CONDA

Main framework

) ANACONDA

Mamba

BIOCONDA

Speeds up conda installations

Additional packages in Bioinformatics

bioconda / packages

Y Fiers
Type all ~

% Packaga Name

Access

pubic

t wcondn  Help  Oowrrload Anaconda m

ACCEsS. public « Label all «
Summary « Updaeod
202505
mcertainty aware HLA teng and gencral haplotype qusnticston ?ﬂ‘ L=
25
¥

NASA High Enorgly Astrophysics Software (HEAsOf)

¥ 00
Ura Scatabie Framowonk for DNA Saarcn, Algmaont, Acsusmty,
Ba Aor anays Aot | bty roliing A
- SOt "~ N Fraewoek
dy- sy e MRNCAon M
Using sebectve
ollcton e, 1j Weths wir 3l HINA 1R
Geve 15 3 roty e thie ' b rmerge
ssombh

* |nstall conda first

- always cite it

conda config --add channels bioconda
conda config --add channels conda-forge
conda config --set channel priority strict

https://bioconda.qgithub.io/



https://bioconda.github.io/
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THANK YOU FOR LISTENING, ANY QUESTIONS ?

Kindly ensure to drop your email address on the chat to receive the certificates




