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Other OMICS workshops and cafe

13.00-15.00 (@1150-115) | ABC (coding help and assistance — no signup needed)

10.00-14.00 (@1241-114) | Workshop: GenomeDK 1 (Intro to HPC and cluster basics)

13.00-15.00 (@1241-114)

ABC (coding café — no signup needed)

12.00-16.00 (@1241-114)

Workshop: ABC OMICS 1 (R and Tidyverse)

10.00-14.00 (@1241-114)

Workshop: GenomeDK 2 (Advanced usage)

13.00-15.00 (@1241-114)

ABC (coding café — no signup needed)

10.00-14.00 (@1241-114)

Workshop: GenomeDK 3 (Pipelines)

12.00-16.00 (@1241-114)

Workshop: ABC OMICS 2 (bulkRNA data)

13.00-15.00 (@1241-114)

ABC (coding café — no signup needed)

12.00-16.00 (@1264-104)

Workshop: ABC OMICS 3 (scRNA data)

13.00-15.00 (@1150-122)

ABC (coding café — no signup needed)

12.00-16.00 (@1241-114)

Workshop: ABC OMICS 4 (scRNA spatial data)

13.00-15.00 (@1150-122)

ABC (coding café — no signup needed)
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ACCESS TO THE MATERIAL
https.//abc.au.dk/

% ABC - Accessible Bioinformatics Cafe Home Calendar Documentation Resources ~ People&Help

Do you feel finding the right analysis and tools is like going through a maze of installation errors,
software versions, tutorials and flawed chatGPT prompts? Then welcome to the

Accessible Bioinformatics Cafe

An informal and collaborative cafe to help each other upskilling coding/bioinformatics skills. Hosted by scientists and bicinformaticians of the
Health data science sandbox, Bioinformatics core facility and Health Faculty at Aarhus University. Supported by the Danish Data Science Academy!
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ACCESS TO WORKSHOP1 MATERIAL

https:.//abc.au.dk/documentation/
2026-02-26-tidyR-omics1.html
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ACCESS TO WORKSHOP2 MATERIAL

https:.//abc.au.dk/documentation/
2026-03-26-bulkRNA-omics2.html
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R + tidyr (Data Wrangling)
Mohamed Hassan
11 February 2028

= Vinrishop goais
= Galting starked
© Irstaling R and RSLsa
= RS
= R soript ve RMD (Markdowns and Nolebooks]
= R Basics
o Thaa conscla
& Comparisons
© Varlables
= Vacors
= Data types I R
& MCOESSING GlMEnts Of Wockors (incaxing)
& i
o Dt el
o Funchiaors
o Lists
= Applying & function on & list [vary practical)
= Applying 2n AN0MyMous AINCHON {whan we Wank i parfonm Many sas over i Est)
= sapply [Simphe apply)
& Loops
& W conditional
= Tidy data
& Inslaling packages
= From Github
= From Bioconcucsor
& Loading lirarkes
o Working with directories
& ImpOning data
o Cracidng Fa content of a fia
© Data mankgpdaton
= Ausding colmns ko 3 datstama
= AC0esS DOILMMS DY faima
= fcnoss 3 colume by indax
= ACCOSS IOWS
= St rOwE By @ LONd 0N (Ruact)
= Skect rows Oy @ condien (moens than ona categony)
= Salact rows by @ oondSon [axclasion of axact)
= Salact rows by @ oond on (axchsion of mans than ofs Categony)
= Using tidyvarsa
= Funchions on roes
& 1. Allering
© Combining a kot of funcicns
o Common paiiens
o 2. amangal) — sort rows
& 3. Sslincll} — uniqun roes
= 4. show_may, sica_min, skoe_head, and sics_tal
= Functiors on columns
& 1. sakcl). renrama(], relocater)
= 2. Removing a colemn
& 3. Tuming a column indo mulipk
& s, LN COILIMITES Wit Lnite)
& & mutata[) — croals rew vanasias
= casa_whani] — calegarical variasles
o .1 Grouping
& 6.2 group_by ) + summarisad)
o 7. acmas(] — midt-oolmn opanations
= Marging/Joining datatames
= laft_joing)
© Dty who did NOT match?
= Rashaping dala (Wida vs Lorg cala shapa)
& 1. pivot_longen|; widk -= long
& 2. pivol_wider([ lang -= wide
o 3. Binding rows and columes
= 3.1 riind va kind_rows {skacking rows]
= 3.2 bind_cols() s chind() [ghaing colemns)
= Recap
= 1. Calumn-wite functions
= {modify or choose calumns]:
= Craale o Moty callmns
= Idantity polumns using toysakect hapars:
« 2. Row-wise funclions {fiier, sica, row operaSons)
= Ko OF MEmae IOws
= Chroer rows
© & Group-wice funchions
= (oparate within groups)
= Grouping changas how ofhar Luncsons behawvi:
= 4. Dats-frame-wica funchions
= {oparain an wholo tabia)
= Reshapa datar
= 5. fummary functians
= jusaly inside summarise(])

ABC_WORKSHOP_II_BULKRNASEQ
26. MARCH 2026

MOHAMED HASSAN
PHD STUDENT

CTT IV
oF £

>

N
3 e
g %
@ @
(=4 “©
) 43
22 G
SIS AR



R + tidyr (Data Wrangling)

Moharmed Hassan
11 February 2028

= WWorkshop goals
= Gatting starked
« inslalimg R and REdia
= RS
o [ soripk ws AND (Markdosns and MHoleooks]
= B B
o Thia Cinsola
o (IOl R0
SO Wariablas
o Wgrhnrs
o Dafta bypas it R
o ACoeREing alaments of wachors (indaxing )
o Wlabix
o D frams
o Funchors
o Lisks
= Applying & funcion on & lisl [vary practical]
= Apphying an anomymous funcion {(whan wa want o parform many Sers aver b ksl
= Sapply [Simpks apphy)
o Looed
o i conditionad



= Tidy data
o rslaling packages
= From Githul
= [Froim ERoooimdilioior
o om0 o e
o WNDKING with Jinectorie:s
o Imporing dats
o Cracking e comant of a Tia
o Dafa manigodalon
= Al ing colmns bo a datatama
= ACDERE DOILMMS by Mama
= BOOESE 3 Dolumn By i
w BCDERE MOWS
= Sodoct rows Dy a oond Bon [axsct)
= Sgdoct rows Oy a condifon [mone than ome: calagory’)
= Sadect rowws Dy a Dond Son [axchskom of axact)
= Sadeact rows Dy 8 pondion (axchsion of mona than o CafaRory’)
= Lsing tdyvirss
= Funchors an s
o 1. Flaring
o Gombining a ok of funchons
o COMmTon pabems
o Z. aiTangds ) — =0 ries
o 3. cislincl( | — uriquE oS
o 4, shoa_max, sice min, shoa head, and skoa i
= Funchors on columins
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¢ ].::I-sl:ln&q’l — MU FOwS
o 4, shoa_max, sice min, skoa_head, and skos G2
= Funchons on colamng
o 1. sakeci L reramal ], oot )
o 2. Removing a cobamn
o 3, Tuming a column ifdo mulipks
o 4, uniing polumns with unita])
o &, mulaie() — crealn mew wariabias
= Case whan(] — calegorical vanablas
o 8.1 Grouping
o 6.2 group_by() + summarised)
o T, across( ] — madt-oodiomn oparabicrs
= Mcrgng/oining datatames
o haft_jin()
o Dwaiugy who did NOT match?
= Fashaping data (Wida va Long dala shapa)
o 1. pivol_ komgen) @ widka - long
o 2. pivol_ wider[ long - widka
o 3, Binding rows and columns
= 3.1 roind v Dind _rows {stacking rows)
= 32 bind cols(]) vs chind(] [ghaing coduamns)
= RECap
o 1. Column-wise Tunchions
= {modify or chonse columns]:
= Craalke o mocity columns

= kdertity columns using toysakect halpars:
o 2 Row-wen unchons HHer, SEoe, rmy ODEatons|
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= herging/oining datatames
o laft_join()
o Deabiay who did MOT magch?
= Reshaping data (Wida va Long dala shapa)
o 1. piwvod_lomgent wida -= long
o I pivol wider{ long -> wida
o 3. Binding rows &nd oolumns
= 3.1 rind vs bind_rows {stacking rows]
= 327 bind cols() v chind] [glaing cobaming)
= Basap
o . Column-wien Tunchions
= imodify o chooss oolumns):
= Cradke o modty columns
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FUNCTIONS WE WILL USE TODAY

Mmutate

select

left_join

filter
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WHAT IS GENE EXPRESSION
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SRV
CENTRALDOGMA ™

Transcription

mRNA

Translation

Proteins provide structure
and carry out many

essential activities in a cell.
A y
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DNA
MRNA




TRANSCIPTOME PROFILE

s the total set of transcripts or mMRNA molecules expressed in a cell at specific time
(snapshot of the cell), different cells show different patterns of gene expression.

These differences are responsible for the many different properties and behaviors of
various cells and tissues, both in health and disease.
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WHY RNA OVER DNA?

Functional studies

- Genome may be constant, but an experimental condition has a
pronounced effect on gene expression (differential expression)

 e.g. Drug treated vs. untreated cell line
 e.g. Wild type versus knock out mice

Some molecular features can only be observed at the RNA level
- Alternative isoforms, fusion transcripts, RNA editing



oo - (A

Normal Sickled
Red Blood Cell Red Blood Cell

Gene A is up requlated

Gene C is down reqgulated

Gene C G A Gene C .
Genea| ~ C° E'E—_J_hi — Gene D is turned off
Gene B N GeneB | Gene Lis turned on
Gene D Gene L
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GENE EXPRESSION PROFILING TECHNOLOGIES

Microqrrqy RNA-seq

v/- S —‘.“r' g
N%renlmlal l\ﬂ Cell Samples AW ngr r .
. b o Samples of interest Isolate RNAs
@t significant: \ ‘ : %
(42 Gell Cul &%= W) ) > %
— B @& @ = B @ @ J - N3 ’ ) >
® S S @ @ ot present in cells ) ) / / /' Ea— La A v\/\;
l " O Presentin both cell Condition 1 Condition 2 Poly(A) tail
mRNA RNA Isolation mRNA Significant: (g tumor) {e.g. nommal)
' ' @ n normal cells only
cDNA Reverse cDNA ’
ipti In disease celis onl
ANV AW Tz‘f:g';ﬁ::‘;” AN AN y Generate cDNA, fragment,
A A A A EA'AAA "NNW NNV . .
Green Fluorescent Probes Red Fluorescent Probes s Select add Imkers

Hybridise

ONONG
cDNA probes to @ @ @
NG

oligo sequences
on microarray

Sequencer




RNA-SEQ EXPERIMENT OVERVIEW

MRNA isolation?

Cancer




WORKFLOW

| fastqsanger.gz

@ADD++*
NCTGGGTTCACTT...
@ADT+*
= CACAAATTATTAC...
AD 2% e
NCTGAGACCCTT... T T
e i

File [ : :]
RNA-sequencing - > LLLELLULE FastQC
()¢ | FastQ U

v —

Trim galore

Lg@ ETrimmomatic ilffﬂ]l[ﬂ]ll]]]]l

- Cutadapt | Trimming | ny Bowtie |
Online Database S L9909, Hisat2 }
UCSC browser[ gTF | BAM) STAR }
S
Genex:1
Geney: 2
[ Feature count J Gene 7 0 DE Control
[ HT seq count ] [ 1 =] 5% Treat
nting .
» KEGG pathway Count JJ_> 1 Edge R J
PPl interaction e e |
prRi}skScore O Gene ontOIogy leferen-tlal q Deseqz J
g:: High Risk Score . [_ﬂ k:mmm— List of expreSSIon
” TR Candidate \ J
— =E = genes .

>

Survival
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FASTQ FILES

. B1943-E2porc-1_S1_L001_R1_001.fastg - Notepad

File Edit Format View Help

OMEE877:474: 000000000 -K7HDK :1:1101:10371:2108 1:N:0:TCTCATGA+CTTCTAAT A
TTTATGGCCTACGGGAGGCAGCAGTGAGGAATATTGGACAATGGAGGCAACTCTGATCCTGCCATTCCGCGTGTTTGTCTACGTCCCTATGTTCTTTTTTCTTCTTTTTTCTCTG,
+
-ACCCGGGGGGGGGGGGGGGGGGGGGCFGFGFOFFADEFSEFELA, ,8, , 1CFF, ,365,,33232<s648%,,,555%2222366%,%,,,,<,9,,+495,CCE,,+4,,,,
@Mee877:474: 000000000 -K7HDK:1:1101:10833:2162 1:N:0:TCTCATGA+CTTCTAAT
TATTAAGCCTACGGGCGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCTGCCATGCCGCGTGTATGAAGAAGGCCTTCTGTTTTTTAAGTACTTTCTTCTTTGA
+
@ACCCGGGGGGEEEEDGGGGGGGGGGEEEEEEGGGGGGGGGGGGGEC@+@76DFS,C,6,,C6C?,6C+7+8+B,C,,,,,,545559:2E,,,C2,D4,,,:,:CEF,,,5550ss"
@Mee877:474: 000000000 -K7HDK:1:1101:16190:2217 1:N:0:CCTCATGA+CGTCTAAT
CGCTAGGCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGATGCAGCAACGCCGCGTTAGCGATGAAGGCCTTCTGTTCGTTAAGCTCTTTCCTCAAGGA,
+

@BCCCGGGGGGEEEEEGGGGGGGGF GGGGGGGGGGGGGGGGGGGGD77+@C<FGD8CCL,9C, , : ++@+@+8+, , ,4+:,,,,444C=F,, ,C9+B,++,5AED,B55AA, ,,,,
@Mee877:474: 000000000 -K7HDK:1:1101:20697:2220 1:N:0:GCTCATGA+CGTCTAAT

TGACCTACCTACGGGAGGCTGCAGTGAGGAATATTGGTCAATGGTCGCGAGACTGATCCTGCCCTGTAGCGTTCATGTCGACTGCCCTCCGTTTTTTTTTCTGCTTTTTTITTTTG
+

\X\?E“T IN »
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@FORJUSPO2AJWDI1
CCGTACGTACGCGCGTACGATCGCGACTAGCTACGTCGATCGACGATCGTCG

Fill in the Quality score >>
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=-10 log o (Probability of Error

ASCIT BASE=33 Illumina, Icn Torrent, PacBic and Sanger

>

(%.ws TN

Q P error ASCIT Q P error ASCIT Q P error ASCIT Q P error ASCIT

8100000 5 5yl 11 0.07943 44 22::0.00631 5507 33 - D.00050 E6 B

1  D0.79433 394 " 12 0.06310 45 - 2320000501 o6 8 34 0.00040 &7 C

2°°0.63096 35 # 13 0.05012 46 0 24 - 0.003598 T 35  0D.00032 68 D

(G iriiel § B 6 B B 368 14, 0.03981 b 250200316 T 3 36 - 0.00025 65 F

40039811 37 % 15 0.03162 48 0 26 0.00251 T 37 0.00020 70 F

T 1R I T 38 & 16 0.02512 i G2 Tl I 27 - 0.00200 60 < 38 0.00016 i B

6 0.2511%9 35 " 17 - 0.01995 &0 2 28 0.00158 L 30 - 0.00013 72 H

7.0:19953 40 18 0.01585 51 3 29 '0.00126 62 & 40 0.00010 T3 T

8 0.1584%9 41 ) 19 0.01259 52 4 305000180 63 2 41 0.00008 74 J

9. 0D.12589 47 & 20001000 53 5 31000079 64 @ 42 0.0000& 75 K

10010000 43 + 21 0.00794 o4 & 32 0.000&63 65 A
ASCII BASE=64 0ld Illumina

@ P error ASCII Q@ P error ASCII @ P error ASCIT Q@ P error ASCII

0100000 64 113 -f7g43 75 K 22 0.00631 86 WV 33 . 9.00050 o7 a

1 0.79433 65 A 12 ' 0.06310 76 L 235000501 87 W 34 ' 0.00040 08 b

2 . 0.63098 66 B 13 8.05012 71 M 24 . 0.00398 88 X 35 0.00032 895 c

B T 1 B R 67 C 14 - 0.D3981 78 H 25 :0.00316 89 ¥ 36090025 100 4

408039811 68 D 15  0.03162 79 0 26 0.00251 L5} E el 33 0.00020 101 ¢

b s B 69 E 16 0.02512 80 F 27 0.00200 gif 38  0.0001e 102

6 D.251109 TOF 17 '0.D15995 81 O 28 000158 a2 M 30 0.00013 103 q g,
7 .0.:19953 71 G 18 . D.D1585 82 R 29 7 0.00126 93 ] 40 0.00010° 104 h §§ K
8 0.15849 72 H 19 '0.012590 83 5 3008000100 o4 41 - 0.00008 /1051 E

4 D.12580 TR 20 0.01000 84 T 31 - 0.00079 o5 42 0.0000&6 10& j‘N 2% %
18010000 74 J 21 0.00794 85 O 32 . 0.000&3 o6~ A



F ﬁ STQC https://www.bioinformatics.oabraham.ac.uk/projects/fastqc/

]
@ FastQC [ | [ | (]
File Help
bad_sequence.txt | good_sequence_short. txt
Basic Statistics
@ Quality scores across all bases (Tlumina =v1.3 encoding)
34
@ Per base sequence quality __ .
lllllllllliii ll IIIIIIIIIIIIIIIII
@ Fer sequence quality scores a0 I I l I RIgin=
@ Per base sequence content |20 T[] ST (L
26 ML ||
Per base GC content T [
24 = T
g 1 ]
Per sequence GC content |22 T =4 Bimiminl
20 L - INis
@ Per base M content
15 =
@ Sequence Length Distribution| 16
14 -~ T T
Sequence Duplication Levels L Exam p Ie Re ports
12 T
Overrepresented sequences |1 L e Good lllumina Data
3 « Bad lllumina Data
kKmer Content . .
@ 5 » Adapter dimer contaminated run
4 o Small RNA with read-through adapter
> T T T T » Reduced Representation BS-Seq
1 3 5 7 9 11 13 15 ¥ 19 21 23 25 2¥ 29 31 33 35 IF 39 « PacBio
Position in read (bp) e 454



https://www.bioinformatics.babraham.ac.uk/projects/fastqc/

ALIGNING THE READS TO THE REFERENCE GENOME

' ™

A) Set of reads Reference genome
.
— Each column is a sample
—
\v m apping GENE ID KD.2 KD.3 (OE.1 OE.2 OE.3 IR.1 IR.2 IR.3

Read 1 1/2-SBSRNA4 57 41 64 55 38 a5 31 39
— Read 3 A1BG 71 40/ 100 81 41 77 58 40
i . _Read2 ! A1BG-AS1 256 177 220 189 107 213 172 126
3 EI i i A1CF 0 1 1 0 0 0 0 0
D] A2LD1 146 81 138 125 52 91 80 50
- AZM 10 9 2 5 2 9 8 4

@O AZML1 3 2 5 2
Reference o) A2ZMP1 0 0 2 1 3 0 2 1
AAGALT 56 37| 107 118 65 49 52 37
© A4GNT 0 0 0 0 1 0 0 0
'TCATCGGGCAATG ACAGAATGGATCG o) | anos 0 0 0 0 0 0 0 0
Read 1 ATGCGCTAATCCGICAR Read 3 e of o 1 o o o o o
Read 2 3 AAAS 2288 1363 1753 1727 835 1672 1389 1121
@ AACS 1586  923| 951 967 484 938 771 635
.l AACSP] 1 1 3 1] 1 1 1 3
~ g — AADAC 0 0 0 0 0 0 0 0
AADACL2 0 0 0 0 0 0 0 0
% AADACL3 0 0 0 0 0 0 0 0
LL] AADACLA4 0 0 1 1 0 0 0 0
AADAT 856 539 593 576 359 567 521 416
AAGAB 4648 2550 2648 2356 1481 3265 2790 2118
AAK1 2310 1384, 1869 1602 980 1675 1614 1108
AAMP 5198 3081 3179 3137 1721 4061 3304 2623
AANAT 7 7 12 12 4 6 2 7
AARS 5570, 3323 4782 4580  2473| 3953 3339 2666
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PROCESSING AND DATA ANALYSIS
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GO TERMS

Gene ontology. It's a big database that groups genes into:

Biological processes (e.q. apoptosis)
Molecular functions (e.q. ATP binding)
Cellular components (e.q. mitochondlrion)

GO enrichment asks:

Are certain biological functions overrepresented in my list of significant genes compared
to what you would expect by chance?”
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Imagine a bag of 20,000 marbles, 500 are green.

You pick 100 marbles.

If 30 of them are green, that’s way more than expected
>> That's enrichment

Imagine a bag of 20,000 genes, 500 are apoptosis-related.
You pick 100 DE genes

If 30 of them are apoptosis genes >> that’'s way more than expected
>> That's enrichment
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CONDA ENVIRONMENT
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Environment 1

Package 1.1

Python

Environment 2

Package 1.2

Package 2.1
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Environment 3

Package 2.2

Package 3.1

Package 3.2
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## connect to GenomeDK from the terminal/MobaXterm (or use the desktop at desktop.genome.au.dk)
ssh yourusername@login.genome.au.dk

Enter your password

## Downloading conda on genomedk

waget https://github.com/conda-forge/miniforge/releases/latest/download/Miniforge3-Linux-x86_64.sh -O miniforge.sh
## Making it executable

chmod +x miniforge.sh

## Run the installer

bash miniforge.sh -b

## Initiate conda in the terminal

/miniforge3/bin/conda init bash

## Configuring conda

conda config --append channels bioconda
conda config --append channels genomedk
conda config --set channel_priority strict

@‘?‘m INp,
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CREATING A CONDA ENVIRONMENT

conda create -n ‘env_name’ -y
conda activate env_name

conda install <package_name> Ex: conda install r-ggplot2
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CONDA INSTALL BIOCONDA::FASTQC

_) ANACONDA. ORG Q. Search for packages

® wWeare releasing a new user experience! Be aware that these rolling changes are ongoing and some pages will still have the old user interface.

bioconda / fastgc

fa stqc ' 2 Community '

A quality control tool for high throughput sequence data.

Overview Files 51 Labels 3 Badges

Versions | 0.12.1 v

Installation
To install this package, run one of the following:

Conda @

$ conda install bioconda::fastqc
S
?%s\
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FASTQC

https://www.bioinformatics.babraham.ac.uk/projects/fastgc/

@ FastC
File Help

bad_sequence.txt | good_sequence_short. txt

Basic Statistics

Per base sequence quality
3z

Fer sequence quality scores a0

Per base sequence content 28
26
Per base &C content
24

Per sequence GC content |22

20

Per base M content
15

Sequence Length Distribution| 16

Sequence Duplication Levels
12

Overrepresented sequences |1

Kmer Content 8
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https://www.bioinformatics.babraham.ac.uk/projects/fastqc/

/‘Q Babraham Bioinformatics

Bam

Institute

About | People | Services | Projects | Training | Publications

FastQC

A quality control tool for high throughput sequence data.
Language Java

A suitable Java Runtime Environment

Requirements
The Picard BAM/SAM Libraries (included in download)

Code Maturity Stable. Mature code, but feedback is appreciated.
Code Released Yes, under GPL v3 or later.

Initial Contact Simon Andrews

Download Now

FastQC A quality control application for high throughput sequence data

README

Installation and setup instructions

Helease Notes Please read these before using the program.
FastQC v0.12.1 (Win/Linux zip file)

FastQC v0.12 1 (Mac DMG image)

« Source Code for the latest FastQC release

https.//qgithub.com/Morgan-Feuz/fastgc
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BASH COMMANDS

pwd

s

mkdir

cd

cat

mv

rm

head

tail
nano/gedit

>
*
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