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Agenda

* Introduction to bulk RNA-seq data analysis
* Workflow of analysis
* File structures

* Exercise with real bulk RNA-seq data — Alternatively use your own
data.



For efficiency...

* We skip a few steps that require experience and knowledge of bash
operations and work in terminals.

e Steps skipped:
 Download of rawdata fastq files.
 Download of reference genome.
* Sequence alignment (mapping).
* Quality control.
* Count of features.



Workflow: mRNA-seq Data Analysis

FASTQ Data:
Individual reads & Quality scores
Files usually contains 20-30M reads

| Label
Sequence

@FORIUSPO2AIWD1
CCGTCAATTCATTITRAGTTTTAACCTTGCGGCCGTACTCCCCAGGCGGT
MRNA-seq y
: AAAAAAAAAAAA:[:D9@: ¢ 1 : ? ?@@: : FFAAAAACCAA: :::B PA?
Experiment ooy e Bee

Q scores (as ASCII chars)

Base=T, Q=':'=25 I



Workflow: mRNA-seq Data Analysis

FASTQ Data: SAM/BAM:
Individual reads & Quality scores Shows where each read aligns to a reference genome
Files usually contains 20-30M reads (e.g., hg38). SAM = Human readable, BAM = binary.
Label
it Sequence HEADER containing metadata (sequence dictionary, read group definitions etc)
: "’Sp}ice—aware” RECORDS containing structured read information (1 line per read record)
@FORJ USPBMJNDI HISAT
MRNA-seq ccc;'rc:w*rcn GTTI“TAACCTTGCGGCCGTACTCCCCAGGCGGT — position Cﬁ AR e aeoisecs metadata
| |
= AAAAAMAAN-\A ‘39 ...... FFAAAAACCAA: :::B 2A?
Experlment @ @@ B@@ m1:1=|12?=63:4 99 1 lbLSZIGS 60 23IM6N10M = 14 10 GAAGATACTGGTT 768832'4B:::: SM:Z:JPTGBMNOL
Q scores (as ASCII chars) | ‘
flags MAPQ mate quality scores
.mb'as(’='l' 0—"1-25 | information
Format Size_GB
SAM 7.4
BAM 1.9

CRAM losslessQ 1.4
CRAM 8 bins Q 0.8

CRAMnoQ 0.26



Workflow: mRNA-seq Data Analysis

FASTQ Data: SAM/BAM:
Individual reads & Quality scores Shows where each read aligns to a reference genome
Files usually contains 20-30M reads (e.g., hg38). SAM = Human readable, BAM = binary.
Label
|t Sequence HEADER containing metadata (sequence dictionary, read group definitions etc)
"’Sp!ice—aware” RECORDS containing structured read information (1 line per read record)
@FORJ USPBMJNDI HISAT
MRNA-seq CCGTCAATTO?« GTTTTAACCTTGCGGCCGTQCTCCCCAGGCGGT e —_— nosltion C,TR raad saquence metadata
: MMAMAAMA 99 ...... FFAARAACCAA: :::B 2A? |
Experlment @ @@ B@ SLX1:1:127:63:4 99 1 IDLSZIGD 60 23IM6N10M = 14 10 GAAGATACTCOTT 768832'4B:::: SM:Z:JPTGBMNO1
Q scores (as ASCII chars) | ‘
‘ flags MAPQ ) mate. quality scores
‘ Base=T,Q="':'=25 information
featureCounts
Counts:

Lists of how many reads were
detected per gene in each sample

Geneld fJcon-1  Edcon-2 Bcon-3 BITrRAN-1 EE TRAN-2 Bl TRAN-3

1 2 2 0 0 2 1

10 0 0 0 0 0 0

100 15 35 28 23 33 45

| 1000 223 231 170 278 270 277
| 10000 1 5 8 4 1 1

100008587 0 0 0 0 0 0



Workflow: mRNA-seq Data Analysis

Counts: Differentially Expressed Genes (DEGs)
Lists of how many reads were Compare counts between types of samples to identify
detected per gene in each sample genes that were significantly up- or down-regulated.
Geneid Bcon-1 Edcon-2 Bcon-3 EITRAN-1 EITRAN-2 B TRAN-3 S geneid  BaseMean log2FC  Std Error Wald-stats p padj

1 2 2 0 0 2 1 4599 2881.924 -7.33044 0.198155 -36.9934 1.46E-299 1.84E-295

10 0 0 0 0 0 o DESeq2 3434 2289.489 -5.70927 0.159381 -35.8216 5.09E-281 3.20E-277

| 100 15 35 28 23 33 45 3437 2011.254 -6.22573 0.1813 -34.33931 2.03E-258 8.51E-255
|; 1000 223 231 170 278 270 277 8638 1951.398 -6.58146 0.192536 -34.18301 4.32E-256 1.36E-252
| 10000 1 5 8 4 1 1 4939 3073.582 -5.91225 0.175125 -33.76012 7.59E-250 1.91E-246
100008587 0 0 0 0 0 0 3433 3740.118 -5.53047 0.16426 -33.66909 1.64E-248 3.43E-245

For our purposes, we will define a DEG as a gene with:
Padj < 0.05 (statistically significant increase in exp.)

* log2FC > 1 (at least 2-fold increase in expression)




Workflow: mRNA-seq Data Analysis

Counts: Differentially Expressed Genes (DEGs)

Lists of how many reads were Compare counts between types of samples to identify

detected per gene in each sample genes that were significantly up- or down-regulated.

geneid BaseMean log2FC  Std Error Wald-stats p padj

2 4599 2881.924 -7.33044 0.198155 -36.9934 1.46E-299 1.84E-295

0 DESeq2 3434 2289.489 -5.70927 0.159381 -35.8216 5.09E-281 3.20E-277

100 15 35 28 23 33 45 3437 2011.254 -6.22573 0.1813 -34.33931 2.03E-258 8,51E-255

1000 223 231 170 278 270 277 8638 1951.398 -6.58146 0.192536 -34.18301 4.32E-256 1.36E-252

10000 1 5 8 4 1 1 4939 3073.582 -5.91225 0.175125 -33.76012 7.59E-250 1.91E-246

'100003587 0 0 0 0 0 0 3433 3740.118 -5.53047 0.16426 -33.66909 1.64E-248 3.43E-245
Column Join' Excel For our purposes, we will define a DEG as a gene with:

» Padj < 0.05 (statistically significant increase in exp.)

Calculate Transcripts per Million (TPM) « log2FC > 1 (at least 2-fold increase in expression)

Normalizes counts according to length of transcript and
total number of reads per sample, thereby enabling us
to make comparisons between genes and samples.

total reads mapped to gene X » Identify genes that are up/downregulated (DEGs)

* 7 length of gene X transcript and expressed at a meaningful level (e.g., TPM > 10)

TPM, = — % 2108
g ZAaEEgenes




Structure of fastq files

Separator-----------
Quality scores

EMEE1HNE HEMMFCOH2: 7 : 1389 1:N:8:NGCTCATT+NAAGATTA
MCCAGT TACTCAGAAMGEC TOAGGECAGEAGAATCACT TEAACCCOGEARECCEAGET TECEEEGAGCGEEAGAC TAT ACCAC TGCACTCCAGCCCARTEAC AR TECAAGAC TCATCTCCCCACCGUAGATOGAAGAGCACACGTCTGAACT

*
#AAFFID]

EMOELHNET : ¥2:7:1181:14326:1389 1:N:8:NGCTCATT+NAAGATTA

WA T CCCTORaCCCCEE6AT TOREOGAR TG TG TR CoREaEEEC T T AR ACTOREEGEEEGEET T TCR TCCCECCaC e OO COaCCaCCACCGIOGCCEOCECCECCOCGACCCaOaCE O TOCCoAEEARRACGOEEGEEC0G
¥

#AAFFID] ]

EMEELHNET : :1181:15786:1389 1:N:8:NGCTCATT+HNAAGATTA

NTGEEEGEEET TTCEGT COCECCGCCGICEOCEOCECCaCCACCECOGCOaCCaCOaCOCCaACCOaCaraCCCTCCOoARERANGACGOGEEECCEE0EEECE0A0ACGEEGANGAGGAIEACE0ACGEACEEACGEACEEEGCCCCC0G

+




Structure of reference genome

TTTTCTEEETCTCTCTEATTCT[LEE“QCTEC CTTCCTHTTTHTETTETTTTTTETHTTCTHTErHEr ATCaTar
AMCCTTCTTATTGTCA TeaTATCTeAC TCCCACCTTCACTCTOCCATATACT TCCTGETARCCAACCTC
TCACTCATTGATCTGTCTCTGTCTTC ACAGOCCOCE TOATTACTGACTTTT TCAGCCAGOGCAAMGTCATCTC

TTT[HHEEECTE[CTTETT[HrHT TTCTCCTTCACTTCT TTEaTGaaMa TOAGATGATGATCCTCATAMGCCATEEECT

ATAGCAATATGCAAGCCCCTACACTACACTACAATTATGTGTRECAMCGCATATGTCOGCAT TATGGCT
aTCA HTﬁﬁﬁﬁ ATTEGCTTTCTCCAT TORaTGAGCCAGT TEECAT TTRCCATECACT TACTCT TCTATGATCCCAATGA
GaTCGATAGT TT T TATTGTACCT TCCTAGGET AATCAARCT TGCCTAT ACAGATACCTACAGGC TAGATATTATGGTCA
TTECTAACAGTEATGTGCTCACTATGTAT TCT T T TAT TCT TCTAATCATCTCATACACTATCATCCTAATGACCATCCAG




Sequence alighment

ATTACTATAATTGGTGTTATCC
cattact tgttat
tgttat

TC Tf T-'-\AT TArJI-u'-\T
GTTTAATTTCATCTTCTAATTTAGAATCT

cttaattgactc
ttaattgactc
GACTTAATTGACTCTG
t f
attgactctgt




Exercise

* Download countmatrix from abc.au.dk
* Load the countmatrix into R

* Analyze the data using DESeq?2
https://bioconductor.org/packages/devel/bioc/vignettes/DESeq?2/inst
/doc/DESeqg2.html

* Alternatively follow the instructions on
https://abc.au.dk/documentation/2024-08-20-ABC3.html


https://bioconductor.org/packages/devel/bioc/vignettes/DESeq2/inst/doc/DESeq2.html
https://bioconductor.org/packages/devel/bioc/vignettes/DESeq2/inst/doc/DESeq2.html
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