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RNA-Seq data analysis
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Direct competition between hnRNP C and U2AF65 protects the transcriptome from the exonization of Alu elements.
Zarnack K, Kénig J, Tajnik M, Martincorena |, Eustermann S, Stévant |, Reyes A, Anders S, Luscombe NM, Ule J.

Kathi Zarnack data
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Cell. 2013
Direct competition between hnRNP C and U2AF65 protects the transcriptome from the exonization of Alu elements.
Zarnack K, Kénig J, Tajnik M, Martincorena |, Eustermann S, Stévant |, Reyes A, Anders S, Luscombe NM, Ule J.

Summary of the results

There are ~650,000 Alu elements in transcribed regions of the human genome. These elements
contain cryptic splice sites, so they are in constant danger of aberrant incorporation into mature
transcripts. Despite posing a major threat to transcriptome integrity, little is known about the
molecular mechanisms preventing their inclusion. Here, we present a mechanism for protecting
the human transcriptome from the aberrant exonization of transposable elements. Quantitative
iCLIP data show that the RNA-binding protein hnRNP C competes with the splicing factor
U2AF65 at many genuine and cryptic splice sites. Loss of hnRNP C leads to formation of
previously suppressed Alu exons, which severely disrupt transcript function. Minigene
experiments explain disease-associated mutations in Alu elements that hamper hnRNP C binding.
Thus, by preventing U2AF65 binding to Alu elements, hnRNP C plays a critical role as a genome-
wide sentinel protecting the transcriptome. The findings have important implications for human
evolution and disease.
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Goal of the practical

Get from the raw sequencing data to the gene expression (RNA-Seq)

Analyze RNA-Seq data and get differential gene expression and expression
of individual exons (example at gene CD55 gene)

Show coverage cryptic exon(s) (example at gene CD55)

Do everything in less that half a day




Galaxy practical

Get the data

Or you just load the preloaded data

Shared Data -> Data Libraries -> Bi5444 -> RNA-Seq
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DATA LIBRARIES [ include doloted 4 I Croate Folder 4l Add Datasets & To Hatory ~ 1B Cpwmioad = & Delete 0 Dotaits @ Help

Libranes | BiS444 | RMA-Seq

Import into History

Select history: | Unnamed history

or create new: |RHn-Si:q data Library import

2019-08-28 11:44 AM

2019-08-28 11:44 AM

2019-08-28 11:44 AM

€ . 2 »  1diterns shown [change) 14 1otal



History - - 1

o (" search datasets o)
Galaxy practical  swscossecwemiomen
95.06 GB ~ % -
Get the data 12:KD2 rep2 2fasta @ 4 x

11: KD2 rep2 1.fastq @ & x

10: KD2 repl 3.fastq @ & ¥

9: KD2 repl 1.fastq @ S R
8: KD1 rep2 2.fastq AV AR
7: KD1 rep2 1.fastq @ PR
6: KD1 repl 2.fastq AW AR
5: KD1 repl 1.fastq @ PR

4: Control rep2 2.fast @ & X

: Control rep2 1.fast @ & %

: Control repl 2.fast = 5 %

: Control repl l.fast @ # x

B BLBNnw Bw B
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Initial quality check

Check the raw reads quality
Using FastQC tool

Input FASTQ, output HTML



Galaxy practica

Version 0.72) w Options

D & D 13: KD2_rep2_2.faslg ~

Initial quality check

Galaxy
11: KD2_repl_2.fastq

Tools .'!. | 10: KD2_repl_1.fastq
9: KD1_rep2_2.faslq
8: KD1_rep2_1.fastq

fastqc ] 7: KD1_repl_2.fastq

6: KD1_repl_1.fastq
4: Control_rep2_2 fastq
Primary 3: Control_rep2_1.fastq
2: Control_repl_2.fastq

FastQC Read Quality reports T T

3
Workflows 5 This is a batch mode input field. Separate jobs will be triggered for each dataset selection
Contaminant list
n Al workflows ) }
b & DO Nothing selected e
tab delimited file with 2 columns: name and sequence. For example: lllumina Small RNA RT Primer CAAGCAGAAGACGGCATACGA
Submodule and Limit specifing file
@ D Nothing selected -

e that specifies which submodules are to be executed (default=all) and also specifies the thresholds for the each submodules warning parameter
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Initial quality check

It is still running, right?
But without that, we cannot proceed [
We have a solution! )

Import Galaxy history
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Initial quality check

Import Galaxy history

Data Libraries
o = Galaxy is an open so Historbes :dical research. If you are new to Galaxy start here or
Get Data consult our help resources. You can install your o [5  Werkfiows 7 the tutorial and choose from thousands of tools from
Vigializations
Send Data the Tool Shed.
L Pages
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Published Histories

Initial quality check

search name, annotation, own| Q

Advanced Search

o Name Annotation Owner
I m po rt G a | a Xy h I Sto ry BiS444_RNA-Seq_alignment 408320
= - 408320
BiS444_RNA-Seq_initial_qc 408320
408320
deseq2 calculation 323639

Lysak group tutorial - visualization YBEA0

Lysak group tutorial - Ks 98640

RNA-2018-03-Expression 323639
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Initial quality check

Import Galaxy histor

Puldlished Histories | 408320 | BiSa44 AMA-Seq initial ge

Eorwnpraer it Fn il sy

Bi5444 RNA-Seq initial qc

allelelalaloNeleNelelaslelle



History o8

search datasets [x)]

Bi5444_RNA-Seq_initial_qc

Galaxy practical N

37:FastQCondatal3:R & &' X |

Initial quality check o

34 FastQCondanlz @ & x -Seq_initial_gc
Webpage 37 shown
33:FastQCondatalliR @ ¢ X
HTML report(s) s 05118 To®
32:FastQCondatall: @ ¢ X
Webpage. & %
3L:FastQCondatal:R @ & X
: [OW B
30:FastoCondatalt: @ & X b
Webpage Webpage
2:EsmoCondansina (@ / 35:FastQCondatal2iR @ 4 X
L awData
28:FastQCondatad:W @ & X
S 34:FastQCondatal2: @ 4 %
27:FastQCondata8:Ra @ ¢ X Webpage
whata
2:FastQCon dataBi W @ & X 33:FastQCondatall:R @ 4 X
ebpage awData
25:FasiQCondataZ:Ra @ ¢ X
whata
24:FastQCondata W @ & X
ebpage
23:FastQCondataé:Ra @ ¢ X
whata_

22:FastQCondata6:W @ & X
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Initial quality check

HTML report(s)
But there is too many of them
MultiQC - makes you life simpler

This time, you can try it on your own!
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Summary of the logs
Summarize the output logs
Using MultiQcC tool

Input LOG(S), output HTML
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Summary of the logs

multige (3¢
Primary

MultiQ)C aggregate results from
biocinformatics analyses into a
single report

Workflows
= All workflows

was used generate |
FastQC
Software name
FastQC output
1: FastQC output
Type of FastQC output?
Raw data

FastQC output

h D 37: FastQC on data 13: RawData
36: FastQC on data 13: Webpage
35: FastQC on data 12: RawData
34: FastQC on data 12: Webpage
33: FastQC on data 11: RawData
32: FastQC on data 11: Webpage
31: FastQC on data 10: RawData
30: FastQC on data 10: Webpage
20° FastOf nn data & RawData

=+ Insert FastQC output

== Insert Results

Report title

Itis printed as page header

Custom comment

It will be printed at the top of the report
Output the multiQC log file?
No

mostly useful for debugging purposes

C aggregate results from bioinformatics analyses into a single report (Galaxy Version 1.5.0)

& Versions |+ Options

Bi5444 RNA-S
89 shown, 3 deleted, 3 hi

.7GB > ®

39: MultiQC on data 37,
data 35, and others: Web
page

@ & %

38: MultiQC on data 37, data 35, %
and others: Stats

a list with 3 items

37:FastQCondatal3:R @ 4 X
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Initial quality check - Adapter content
Adapter Content

The cumulative percentage count of the proportion of your library which has seen each of the adapter sequences at each position. See the FastQC help. Only samples with = 0.1% adapter contamination are

shown, vuimas: [

FastQC: Adapter Content

Multi@C

v1.5

Initial quality check
General Stats

FastQC

Sequence Quality Histograms
Per Sequence Quality Scores

Per Base Sequence Content

2
2
2
5
z
o 3
@
-}

Per Sequence GC Content
Per Base N Content
Sequence Length Distribution
Sequence Duplication Levels

Overrepresented sequences

Adapter Content "
a1
Position (bp)
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Read preprocessing

Remove adapters and/or trim low-quality ends
Using Trimmomatic trimmer

Input FASTQ, output FASTQ



Galaxy practigal

Read preprocessin

Tools

1

trimmomatic

o

Primary

Trimmomatic flexible read

data

Genome assembly

Shovill Faster SPAdes assembly

of Illumina reads

Workflows

s All workflows

trimming tool for Hllumina NGS

12: KD1_rep2_2.fastg
11: KD1 rep2 1.fastq
10: KD1_repl_2.fastq
9: KD1_repl_1.fastqg

&t This is a batch mode input field. Separate jobs will be triggered for each dataset selection.
rform initial ILLUMINACLIP step?
| Yes | No

Cut adanter and other illumina-snerific senuences from the read
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Read preprocessing

Perform initial ILLUMINACLIP step?

adapter and other illumina-specific sequences from the read

elect standard adapter sequences or provide custom?
| Custom
ustom adapter sequences in fasta format

>adapter
AGATCGGAAGAGC

Write sequences in the fasta format.

Trimmomatic Operation

1: Trimmomatic Operation
Select Trimmomatic operation to perform
: Sliding window trimming (SLIDINGWINDOW)

Number of bases to average across

verage quality required
|5

< Insert Trimmomatic Operation

Adapter sequence (partial):
>adapter

AGATCGGAAGAGC
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Bi5444 RNA-Seq_preprocess @ &S
89 shown, 3 deleted. 2 hidden
H 183.7GB Y% ®
Read preprocessing >~ . "% o/
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Preprocessing quality check

Check the preprocessed reads quality and summarize
Using FastQC & MultiQC tools

Input FASTQ/LOG, output HTML
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Preprocessing quality check

Please, run the FastQC and MultiQC on the preprocessed files and check the
adapter content



Galaxy practical

Preprocessing quality check

Share Data -> Histories -> Bib5444 RNA-Seq preprocess

Published Histories

search name, annotation, own | Q,

Advanced Search

Name Annotation

BiS444_RNA-Seq_alignment

Bi5444_RNA-Seq_preprocess

Biga44_RNA-Seq_initial_qc

BiS444 RNA-Seq - Clean

deseq2 calculation

Lysak group tulorial - visualization

Lysak group tultorial - Ks

RNA-2018-03-Expression

RNA-2018-01a-Initial quality check
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Preprocessing quality check

Check the preprocessed reads quality & summarize

Are all the bad things gone?
Bi5444 RNA reprocess
89 shown, 3 deleted, 3

183.7 GB ~ % o
92: MultiQC on data 90, @ 4 %
data 88, and others: We

bpage
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Preprocessing quality check

Adapter Content

The cumulative percentage count of the proportion of your library which has seen each of the adapler sequences at each position. See the FastQC help. Only samples with
= 0.1% adapter contamination are shown.

No samples found with any adapter contamination > 0.1%
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Preprocessing quality check

Check the preprocessed reads quality & summarize
Are all the bad things gone?

Actually, for modern aligners such as STAR, it doesn’t matter that
much

They can perform soft-clipping



Galaxy practical

Soft-clipping in alighment

Hiding of non-matching parts of the reads
Can overcome remaining adapter or low-quality sequences

Only to specified limits (in STAR the default is max. 33% of the read

length)
Reference
Aligned ACCCCAAAGTCACTTGGGGT
Reads CCCAAAGTCACTTGGGGTTG
BMC genomics. 2014 SOft-CIipped part

SHEAR: sample heterogeneity estimation and assembly by reference.
Landman SR, Hwang TH, Silverstein KA, Li Y, Dehm SM, Steinbach M, Kumar V.
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Alignment to genome

Align RNA-Seq data to a genome
Using STAR aligner

Input FASTQ, output BAM



Galaxy practica

Single-end or paired-end reads

Alignment to genome

I/ star ﬂf\

b y
Text Manipulation

Text reformatting with awlk

Convert Formats

MAF to BED Converts a MAF
formatted file to the BED
format

MAF to FASTA Converts a MAF
formatted file to FASTA format

NGS: RNA Analysis
RNA STAR Gapped-read [
mapper for RNA-seq data

NGS: SAMtools
]

RNA STAR Gapped-read mapper for RNA-seq data (Galaxy Version 2.6.0b-1)

Paired-end (as individual datasets)

RNA-Seq FASTQIFASTA file, forward re.

R2 unpaired)
R1 unpaired)
{R2 paired)
(R1 paired)
] (R2 unpaired)
lq (R1 unpaired)

@ O 66: Trimmomatic
65: Trimmomatic ol
B4: Timmomatic on
63: Trimmomatic on Kl
62: Trimmomatic on KD2
61: Trimmomatic on KD2_ri
60: Trimmomatic on KD2_r
59: Trimmomatic on KD2_|

58: Trimmomatic on KD1_re
£7: Triramamatio oo K1 _rao (01 _onaicndd)

&h This is a batch > ate jobs will be triggered for each dataset selection.
RNA-Seq FASTQIFASTA file, reverse
D @ O 66: Trimmomalic ol

65: Trimmomatic on hpaired)
64; Trimmomatic on Ki fastq (R2 paired)
63: Trimmomatic on KD2X 1 (R1 paired)
62: Timmomatic on KD2_r g (R2 unpaired)
61: Trimmomatic on KD2 r q (R1 unpaired)
60: Trimmomatic on KD2_repl_23 (R2 paired)
59: Tnmmomatic on KD2_repl_1.fastq (R1 paired)
58: Trimmomatic on KD1_rep2_2 fastq (R2 unpaired)
§7: Trimmomatic on KD1_rep2_1.fastq (R1 unpaired)

&h This is a batch mode input field. Separate jobs will be triggered for each dataset selection,
Custom or built-in reference genome
Use a buli-in index
Built-ins were indexed using default options

Reference genome with or without an annotation

use genome reference without builtin gene-model

Must the index have been created WITH a GTF file (if not you can specify one afterward).

Select reference genome

Human (Homo sapiens) (Ens94). GRCh38

If your genome of interest is not listed, contact the Galaxy team (--genomeDir)

* Options




Sit back, wait and relax

You don’t need to know what’s happening or how long it’s going to take.
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Alignment to genome

Share Data -> Histories -> Bib5444 RNA—Seqialignment




Bi5444 CLIP-Seq_alignment

Galaxy practical e
6: KD2 rep2.bam_ ® & x
Alighment to genome =2 el ® & x
4: KD1 rep2.bam @ 4 %
STAR performs well even with defaults £
3: KD1 repl.bam OW AR

3 . .
Main output is the BAM file s

This is one of the few files worth to keep and save ALK

7.6 GB
format: bam, database: GRCh38

Sep 16 12:00:14 ..... started STAR run
Sep 16 12:00:14 ..... loading genome
Sep 16 12:04:51 ..... started mapping
Sep 16 12:16:06 ..... started sorting BAM
Sep 16 12:24:18 ..... finished successfully

B ? ®»®

Binary bam alignments file
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MultiQC aggregate results from bioinformatics analyses into a single report (Galaxy Version 1.5.0) & Versions = » Options

Quality control of alignment

ch tool was used generate logs?

" STAR

Software name

Run MultiQC to assess the alignment | eme.

Type of STAR output?

Log

STAR log output

@ [ 11:RNASTAR on data 64 and data 63: log
9: RNA STAR on data 60 and data 59: log
7: RNA STAR on data 56 and data 55: log
5: RNA STAR on data 52 and data 51: log
3: RNA STAR on data 48 and data 47: log
1: RNA STAR on data 44 and data 43: log

4 Insert STAR output

+ Insert Results

Report title

il is printed as page header

Custom comment

It will be printed at the top of the report
Output the multiQC log file?
es  No

is is mostly useful for debugging purposes
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Quality control of alighment

14: MultiQC on data £%7
ata 9, and others: Webpag

13: MultiQC on data 11, data9.an X
d others: Stats

alist with 3 items

12: KD2 rep2.bam @ & K

11: RNA STARon data6da @ 4 X
nd data 63: log
10: KD2 repl.bam @ &S X

9:RNA STARondata6la @ 4 X
nd data 59: log_

STAR

STAR is an ultrafast universal RNA-seq aligner.

Alignment Scores

| Number of Reads | Percentages

STAR: Alignment Scares ; Export Plot

[11]RNA STAR on data 64 and data 63_ log
[1]JRNA STAR on data 44 and data 43_ log
[3]RNA STAR on data 48 and data 47_ log
[S]RMA STAR on data 52 and data 51_ log
[7JRNA STAR on data 56 and data 55_ log

[9]RNA STAR on data 60 and data 59_ log

o

5M 10M 15M 20M 25M 30M 35M a0M 450 50M 55M 60M  65M
# Reads
@ uniquely mapped @ Mapped to multiple loci @) Mapped to too many loci @ Unmapped: too short @ Unmapped: other
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Rename and tags
Better names comprehensibility

0 At dwioet
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Rename and tags
Better names comprehensibility

B asidaee, @ Comvent W Dstatypan f Permanesm

el s usten D e itwet | [ v
Marre
Control_repl ham
e
S 36 12000 staned STAR n
Seg 161200 g gercaTe
Sap b 1204 b ]
Sap I8 121 e ot AN
Sep it 1228 ] Uy
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Farman (oo Sapees)] Ersesshl ieieane B4 (GHCAE)




Galaxy practical

Gene counts

For the raw gene counts (expression) you need to have a list of genes and
their positions in the genome - gene annotation

Using UCSC Main table browser

Input nothing, output GTF
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Gene counts

Share Data -> Data Libraries -> Bib5444

-> RNA-Seq -> Ensemble Homo sapiens.GRCh38.94.gtf.gz

= Galaxy

DATA LIBRARIES (] include deleted  + M Create Folder || +MAddDatasets ~ || @ToHistory ~ || [BDownload ~ || @ Delete ‘ @ Details ‘ @ Help |

Libraries / BiS444 /| RNA-Seq
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Gene counts

Get the raw gene counts
Using featureCounts tool

Input BAM and annotation GTF, output TXT (raw gene counts)



q from SAM or BAM files. (Galaxy Version 1.6.0.7) ~ Options

Galaxy practical

3
v each dataset selection.
The 'e & SAM or BAM format; but ALL files must be in the same format. Unless
you are using a Gene annotation file from the History, th eigenome attibute already specified e.g. hg38, not the default: ?
Specify strand information
Gene cou nts e _

icate if the data is stranded and if strand-specif e performed. Strand setting must be the same as the strand settings used t produce the

napped BAM inpul(s) (-5)

ene annotation file

in your history =
—
= Galaxy F—
= -
O & o 119: Ensemble_Homo_sapiens.GRCh38.94.911.02 -

The program assumes that the provided annotalion file is in GTF format. Make sure that the gene annotation file corresponds to the same reference genome as
used for the alignment

Output format

Tools &
Ii featu reu:u::untsl E}-\"

A

Gene-ID " read-count (MuliQC/DESeq2ledgeR/imma-voom compatibie) -
The oulput format will be tabular, select the preferred columns here

Create gene-length file
Yes  No
feates a tabular file that contains the effective (nucleotides used for counting reads) length of the feature; might be useful for estimating FPKM/RPKM

MNA-seq

edgeR Perform differential
expression of count data

Count fragments instead of reads

pabled; fragments (or templates) will be counted instead of reads. -
DESqu D"EtE'l'lTlinEE dlﬁerﬂﬂtla“y pecified, fragments (or templates) will be counted instead of reads. (-p)
expressed features from count

tables

If specified, paired-end distance will be checked when assigning fragments to meta-features or features. This option is only applicable when -p (Count fragments
instead of reads) is specified. The distance thresholds should be specified using -d and -D (minimum and maximum fragmentiemplate length) options. {-P)
Minimum fragmentitemplate length.

featureCounts Measure gene
expression in RNA-5eq i
experiments from SAM or BAM

imum fragmentitemplate length.

100000

files. o)
Only allow fragments with both reads aligned
Yes = No
Wurk"m If specified, only fragments that have both ends successtully aligned will be considered for summarization. This option is only applicable for paired-end reads. (-8)

Exclude chimeric fragments
Yes No

If specifiec, the chimeric fragments (thase fragments thal have their two ends aligned to different chomosomes) will NOT be included for summarization. This
option is only applicable for paired-end read data. (-C)

Advanced options 2

s All workflows
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Gene counts

Quality control of gene counts

Bi5444 RNA-Seq gene counts

Again M

121 shown, 4 deleted, & his

21252 G8

131: featureCounts ond @ # X

mmary.
124; featureCounts on d
ata 119 and data 104

123; featureCounts on d
ata 119 and data 101: su

Results

Results

featureCounts

Software name

<= Insert Results

Report title

Custom comment

Yes = No

MultiQC aggregate results from bioinformatics analyses into a single report (Galaxy Version 1.5.0)

ich tool was used generate logs?

utput of FeatureCounts

x 131 featureCounts on data 119 and data 113: summary
x 127: featureCounts on data 119 and data 107: summary

| % 123 featureCounts on data 119 and data 101: summary

Itis printed as page header

It will be printed at the top of the report

Output the multiQC log file?

his is mostly useful for debugging purposes

& Versions ||+ Options

» 129: featureCounts on data 119 and data 110: summary |
* 125: featureCounts on data 119 and data 104: summary |

x 121; featureCounts on data 119 and data 98: summary
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Differential gene expression

Get differential gene expression from the raw counts

Using edgeR and DESeqg2 tools
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Differential gene expression - note

Optimally, the experiment should be designed with at least three biological
replicates

However, if the data are only “supportive” two replicates is enough

Bioinformatics. 2013

Liu Y, Zhou J, White KP. RNA-seq differential expression studies: more sequence or more replication?

Rna. 2016

Schurch NJ, Schofield P, Gierlinski M, Cole C, Sherstnev A, Singh V, Wrobel N, Gharbi K, Simpson GG, Owen-
Hughes T, Blaxter M. How many biological replicates are needed in an RNA-seq experiment and which
differential expression tool should you use?.
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Differential gene expression

Shared Data -> Histories -> Bi5444 RNA-Seq DE start




edgeR Perform differential expression of count data (Galaxy Version 3.20.7.2) ~ Opions

Count Files or Matrix?

Separate Count Files -

You can choose to input either separate count files (one per sample) or a single coun

Condition
Name of experiment factor of interest (e.g. Genotype). One factor must be entered and there must be two or more groups per factor. Optional additional factors
(e.9. Baich) can bagliered using the Insert Factor bution below, see Help section for more information. NOTE: Please only use letters, numbers or undersceres.

]

Control

Mame of group that the; belong (o (e.g. WT or Mut). NOTE: Please only use letters, numbers or underscores (case sensitive)

‘Counts files.

Differential gene expressi

&l o 11: featureCounts KD2_repl
10: featureCounts KD1_rep2
9 featureCounts KD1_repl
8: featureCounts Control_rep2
7 featureGounts Control_rep1

ntrast ]

-’- ontrast of Interest

Tools

Control-KD1

Names of two groups (0 compare separated by a hyphen e.g. MUt-WT. I the order is Mut-WT the fold changes in the resuits will be up/down in Mut relative to WT
If you have more than one contrast enter each separately using the Insert Contrast button below. For more info, see Chapter 8 in the limma User's guide:

] Name of group th belong (0 (e.g. WT or Mul) NOTE
Counts files

edger

@ o 12: featureCounts KD2_rep2
11 featureCounts KD2_repl
10: featureCounts KD1_rep2
9: featureCounts KD1_repl

8: featureCounts Control_rep2  AXD2

General

trast of Interest

StringTie transcript assembly
and quantification

Names of two groups to compare separated by a hyphen e.g. Mut-WT. 1 the order is Mut-WT the fold changes in the results will be up/down in Mut relative to WT
. For more info, see Chapter 8 in the kimma User's guide:

on be

If you have more than one contras
)

enter each separately using the Insert Contrast bu

RNA-seq
dgeR. Perform differential Name of group the

Counts files

expression of count data T KoLkD2
11: featureCounts KD2_repl Names of two groups to compare separated by a hyphen e.g. MUt-WT. If the order is Mut-WT the fold changes in the results will be up/down in Mut relative to WT.
10: featureCounts KD1_rep2 It you have more than one contrast enter each separately using the Insert Contrast button below. For more info, see Chapter 8 in the limma User's guide:

featureCounts Measure gene B lomncans oLl
expression in RNA-Seq -
experiments from SAM or BAM

files. Use Gene Annotations?

ntrast ]
1ong (0 (6.6, WT o Mul). NOTE: Please 0F
ontrast of Interest

+ Insert Contrast
+ insen Group

< Insert Factor A
t Options

tput Normalised Counts Table?
Ho Yes  No

If you provide an annotation file, annotations wil be added to the table(s) of differential expres

Output a file containing the normalised counts, these are in log2 counts per million (logCPM). Default: No
Output Rscript?
Yes | No
It this option is set to Yes, the Rscript used will be provided as a text file in the output. Default: No
Output RData file?
Yes | No
Qutput all the data used by R 1o construct the plots and tables, can be loaded into R. A link 1o the RData file will be provided in the HTML report. Default: No
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Factor

tor

ecify a factor name, e.g. effects_drug x or cancer_markers

Only letters, numbers an rscores will be retained in this field

Specify a factor level, could be 'tumor, 'normal’, ‘treated” or ‘control*

Control

Only letters, numbers and undei retained in this field
Counts file(s)

@ o

11 featureCounts KDZ_repl

10: featureCounts KD1_rep2

9: feawreCounts KD1_repl

8: featureCounts Control_rep2
 featureCounts Control_repl.

Differential gene expressi

deseq2

Gene

StringTie transcript assembly and
guantification

RMA-seq

edgeR Perform differential
expression of count data

DESeqZ2 Determines differentially
expressed features from count
tables

featureCounts Measure gene
expression in RNA-Seq
experiments from SAM or BAM
files.

Workflows
Al workflows

ralues could be ‘tumor’, 'normal’, ‘treated" or ‘control

Only letters, numy rscores will be retained in this field

Gounts file(s)

DESeq2 Determines differentially expressed features from count tables (Galaxy Version 2.11.40.2)

¥ Options.

@ © | [ 12 teatreCounts KD2_repz
11: featureCounts KD2_repl
10; featureCounts KD1_rep2
9: fealureCounts KD1_repl

8: featureCounts Control_rep2

typical values could be ‘tumor’, ‘normal’, ‘treated’ or ‘control*

Only letters, nun erscores will be retained in this field

Counts file(s

@ O | | 12:feaiureCounts KD2_rep2

11: featureCounts KD2_repl

10: featureCounts KDL_rep2
9: featureCounts KD1_repl
8 leatureCounts Control_rep2

+ Insert Factor level

+ Insert Factor

Files have header?
Yes  No

I this option is set te Yes, the tool will assume that the coun files have column headers in the first 1

Choice of Input data

Count data (e.g. from HTSeq-count, featureCounts or StringTie)

Count data (e.g. from HTSeq-count, featureCounts o StringTie)

ualising the analysis results

No

itput an additional PDF files

utput normalized counts table

Yes | No

Qutput all levels vs all levels of primary factor (use when you have >2 levels for primary factor)
Yes No

DESeq2 performs independent fitering by default using the mean of normalized counts as a fiter statistic

Fit type

parametric

“Turn off outliers replacement (only affects with >6 replicates)
No

When there are more than 6 replicates for a given sample, the DESeq2 will automatically replace counts with large Cook's distance with the trimmed mean over all
samples, scaled up by the size factor or normalization factor for that sample

Yes.

Turn off outliers filtering (only affects with >2 replicates)
Yes  No
When ther

T

e are more than 2 replicates for a given sample, the DESeq2 will automatically filier genes which contain a Cook's distance above a cutoff

off independent filtering

es  No

e Seq2 performs independent fitering by default using the mean of normalized counts as a filter statistic




edgeR Analysis Output:
Links to PDF capies of plots are in 'Plots' section below.

MDS Plot: Condition

Galaxy practical

KD2_rep2.bam

1.0

Differential gene expression

KD2 repl.bam

i

17 shown, 7 hidden

27.76 GB e e

AR G

0.0

Leading logFC dim 2

-0.5

T
14:edgeRondatal2, d @& 4 x

:u.m.m.mm

Control_repl | Control_rep2 | KD1_repl [
-
TR STTTETTE ETTTETOR

KD1 _repl.bam

13: edgeR on data 12, data 11, a

nd others: Tables

a list with 4 items.

[ Contro repa [ convrotrepz | kon_reps [ T T T T T T
- - - -1.0 D5 0.0 0.5 1.0 1.5

12: featureCounts KD2_ @ 4 X

ren? Leading logfFC dim 1

-4 KD1_rep2.bam

-1.0
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Differential gene expression

17 shown, 7 hidden

27.76 GB vee
21: Normalized counts fi @ & %
le on data 12, data 11, a
nd others.
[t | couroep | ron-ros S
AT T ey = GenelD logFC 10gCPM F PValue FDR
Z:DESmG plois on dalfl] ® o | X lon results - ENSGOOD00092199  §.52142742878572  5.96346716277756  1462.34679277333  122114253157414e-318  7.17238065020072¢-314
Ade Gl o offec, ENSGO0000204253  622215133875183  4.60131080192735 1235 8. 10270 25 1e.265
- list of ; ENSGO0000107159  3.22278923144336  409433985683360  491850213415037  7.9546272105367e-109  1.557383430702910-104
19: DESeq2 result files on data ozt ENSGOOD0D179954  285004668532772  A41601242725208  456436217554854  3.85225443635843¢-101 5.656554110924556-97
:“I’Wﬂ " ] ENSGO0000148204 2. 75395 417441 376 177411170612e-83  2.08404902117916e-79
: " Add tag ENSGO0000186633  4.22087072157582  241739313442468  358912648383713  5.83527380494571e-80  5.71224678222477e-76
el e L) |8 ENSG00000204560 210676208079 5 19778 3343134 1.205735287000660-74  1.08721445831406e-70
x ENSGO0000099998  3.08600815343408 ‘ 1664 33197 4.17737211080344e-74  2.787701626190066-70
ENSGODD00107375  212482893907467 5, 331 427161 74 2787701 70
) = ENSGO0000160231  2.13377519307803 5387 322, 70 4.440581887365240.72  2.613461921543080.68
DEZEDERTY | edgeR KD1-Control & & ENSGOO000157224 2 071042 5 78 3z 5.78761501740723e-70  3.090323826444670-66
7. : o ENSGOODOD157192  -100372177023031  7.73206494003751 0284853443086 0.995036314072690-68  4.402696461475590-64
nd others: Tables ENSGO0000172348  2.62579315698578 3 3002577 3.29206: 67 148737910 63
Hiuan ke edgeR KD1-KD2 W ENSGO0000130626  205291507695154  538217952232118 0004966484212  3.65368754800453¢-67 15328524152289-63
jucerirtiueficonerolme | e ENSGOOD00005448  2.22003359200287  A52871246394243  202.482024287755  1.617200065587020-65  6.33245163115024e-62
itearacaina kD2 @ 2 | X I ENSGOO000128510  18486804818772  B12307851756572 283525213683999  1.4362687 5.27 12135-60
102 sdgsR KD3-Contro) ® & ENSGO000000615 1 s e @ 6 s
ENSGO00000067182 1. 389 751 092 277.4022 3.08612249175523e-62 1.00701891418469¢-58
11; featureCounts KD2. @ & x edgeR normcounts ® £ ENSGO0000156050 -1 179623 6 276 7.137933213827110-62  2.206560564811240-58
repl. ENSGOO000064666  -185118501689233  657200128227468  275326702870349  B.729677 e62  2.563687976382460-58
ENSGO0000123999  2.19745040516381  415118492163223 2757967015555  9.397464B312374e-62  2.62838141363204e-58
ENSGO0000262406  -190770662742228 6 15 267.427 4 7e60 12 56
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Gene symbol annotation

But we do not see any gene symbol/names which we all like

Merge with HUGO information (https://www.genenames.org/)

Share Data -> Data Libraries -> Bib5444

-> RNA-Seq -> HUGO Gene information


https://www.genenames.org/

Galaxy practical

Gene symbol annotation

Merge with HUGO information

8 shown,
27.77GB ¥ % ®
25: HUGO Gene informa @ & % |
tion_

46,017 lines
format: tabular, database: hg

uploaded tabular file
O Ll ? ® e

HGMC ID Approved Symbol Approw

HGNC:5 ALBG alpha-
HGNC:37133 AIBG-AS1 A1BG a
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Gene symbol annotation

HGNC ID Approved Symbol Approved Name RefSeq IDs Entrez Gene ID(supplied by NCBI) RefSeq(supplied by NCBI) Ensembl ID({supplied by Ensembl) UCSC ID({supplied by UCSC)
HGNC:5 ALBG alpha-1-B glycoprotein NM_130786 1 NM_130786 ENSGO0000121410 uc002gsd.5
HGNC:37133  ALBG-AS1 A1BG antisense RNA 1 NR_015380 503538 NR_015380 ENSGO0000268895 uc002gse.3
HGNC:24086  ALCF APOBEC1 complementation factor NM_014576 29974 NM_001198818 ENSGO0000148584 uc057tgv.1
HGNC:6 A159T~withdrawn symbol withdrawn, see UBA1L

HGNC:7 A2M alpha-2-macroglobulin j  NM_000014 2  NM_000014 ENSGO00000175899 uc001gvk.2
HGNC:27057  A2M-AS1 A2M antisense RNA 1 NR_026971 144571 NR_026971 ENSGO0000245105 uc009zgj.2
HGNC:23336  AZMLL alpha-2-macroglobulin like 1 NM_144670 144568 NM_001282424 ENSGO0000166535 ucd01quz.6
HGNC:41022  AZML1-AS1 AZML1 antisense RMA 1 100874108 ENSGO0000256661 uc058kxy.1
HGNC:41523  AZML1-AS2 AZML1 antisense RMNA 2 106478979 ENSGO0000256904 ucO58kyb.1
HGNC:8 AZMP1 alpha-2-macroglobulin pseudogene 1 NG 001067 3 NR 040112 ENSGO0000256069

HGNC:9 A2MR~withdrawn symbol withdrawn, see LRP1 - a

HGNC:10 AZMRAP~withdrawn symbol withdrawn, see LRPAP1

HGNG: 30005 SR GRS alphall,3,0slactosylie nsicrasel2 NM_001080438 127550  NM_001080438 ENSG00000184389 uc031plq.1
HGNC:18143  A4GALT alpha 1,4-galactosyltransferase (P blood group) NM_D17436 53947 NM_D01318038 ENSG00000128274 uc062ewl. 1
B Gy T BIphe RN ee i alliso Ay rEer A se NM_016161 51146 NM_016161 ENSG00000118017 uc003ers.2
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Gene symbol annotation

Tools x
( join 0
Join, Subtract and Group

CD-HIT-EST Cluster a nucleotide

datasel into representative sequences

CD-HIT PROTEIN Cluster a protein
dataset into representative sequences

Join two Datasets side by side on a
specified field

Compare two Datasets to find
commeon or distinct rows

Group data by a column and perform
aggregate operation on other
columns,

Feich AlignmentsiSequences
Join MAF blocks by Species
RNA-seq

O @& D

sing column

Column: 1

ed field (Galaxy Version 2.1.1)

13: edgeR on data 12, data 11, and others: Tables

This is a batch mode input field. Separate jobs will be triggered for each dataset selection

22: HUGO Gene information

Keep lines of first input that de not join with second input

Yes

Yes

Keep lines of first input that are incomplete

Fill empty columns

Yes

Only fill unjoined rows

Yes
Fill Columns by

Single fill value

Fill value

Yes

eep the header lines
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Differential gene expression

- =
search datasets )
< ©

Bi5444 RNA-Seq DE
19 shown, 11 hidden

27.81GB ICAL Y )

: e 58,730 lines mm
26: Join two Datasets on collect
ion 13 X format: tabular, database:

alist with 4 items. ~
oo o conro e on e Y Ol ? b2

APTYTETTTE ETITETTTE TTETTR _

22: HUGO Gene informa @ 4 X

tion. GenelD logFC logCPl

46,017 lines ENSGDB000E92199 5.52142742878572 5.963-

format: tabular, database: hg38 ENSGOODOO284253 §.22215133875183 4,691

uploaded tabular file ENSGOOBIB1OTISO 3.2227T8923144336 4,094
70954 2.85 32772 4.416¢

o | ? - ® 4 »

1 2z E)

HBNC ID Approved Symbol Approved 9 _ @ ’

HBNC: 5 ALBG alpha-1-E

HGNC:37133 A1BG-AS1 A1BG anti W = ,

HGNC: 24886 ALCF APOBEC1 ¢

HENG:6  A1S9T-withdrawn symbol wi edgeR_normcounts @ ¢

1 »

21: Normalized counts fi @ 4 %

le on data 12, data 11, a

nd others

[ Conuot rep1 | concol.rep2 | ko rers IS
c
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Differential gene expression

ENSGODOOOI 70054 D ESGOMGSRSIITI?  A4IGSIZAZTISI0A 456 43501TS5EE54
ENSGOOO0014B204 2 T00BESS30TEESS  AITAAIIGBMEIG  ITE JNO0SSSBSE53
ENGGOOOOOIASEI) A ZXOATOVISTREY  JAITHOIBAZMGE 3SR O1IEKINATIY
ERGCOOOREA) FUOEMEEOTE  SEONBODATOLETTE X 1IATESID
EXGCOOOOOCITR 3 085008L534008 AGIEFEIIEES 131 0T4ALRI0EAD
ENEGOOO0O0IGTIIE 21 56 465 3310006050131
ENSGOOOOOIE0Z3]  Z1MTTSIONTIE  S.OSTISOReSEGEIZ 3ZIEASRD1S056TD
ENSGOOOO0ISTEZ 2 0RIGESSS0TI042 G5515531506178 312 WIGESOGEEGT
ENGGOOO0OISTISG -1 OCOTZITIOEIONL  TTISGMBMO00TEL  OF BARSII0EG
INGGODO001 72348 X ERSTUNLSEMS T FEMARFIMAS 300 25 TTTSS0855
ENSCOOOO0IT0ENS  JORMISHTENISE  SEENMSRNIIA B0 MEERRLFLD

@ 1 ASIATIZAEINEAE U SEIOZ4ZETISS
ENSGO00001 28580 LEB4BGEMBIATT?  B.AZB0TESITSEST? 1B SISTIBEEETD
ENSGOOOOOOG0GLE L BESZOSSA1GE04T GASOTIINAZEZI0  ITRISIGLEVSEE
ENSGOOOOOOGTIND L HZSARMOBGST2ED THLISASESSH0N2  2TT.A0EZMINI0IN
ENGGOMO0ISNT0 -1 MSGIMOSI T 6 erL )
ENGGOO00OCESESE -1 RSIESHIGRNET]  6ST2URIRRNT480 TS I06TUREN40
ERNSGOOO001ZHENE  F1974SH40506%EL  4.15118400063FN  ITSATMTOLSSS5G
ENSCOOOOOIER406 <L DOTTOSAITATEI 5O0EFIPEHISEIS  DET.4ETESU306E50
ENSGOOOOOISOTSY  LETIEITIGITEREL  GELAINOLI73E06

3 ESFFEALIATNEA e 101 5 E5ES5A1 LIATAN5:07  HGHNC 26641
LTAIIITORIZe-03 2 OBACHBORLITRIEC-TE  HGNC 1862
B ARSI TRRCERAN T 1 0-00) S TIZPMGETRIZAATTE-TH  MGNGC 29008
LMESRT00-TE | CATIIS4SHI1A080-T0  WGHC 3T
A ATTITRIL0B00E4-T4 LTETTOLEIG19008a-T0  HONC 4280
i HEoEDe T4 27HT WM
A ASTER1EETRES 2de- TR ZELBE152]1543080-68  HGNC LLTET
LTHTELSSATAOT 23070 ADGIIFEIGAAGTe-BG  HENC 2034
B GO L0 T HRe- 6l 4 ATPEHRG1A TG00 HGHC 700
A NMATIAEINR-AT  LARTITRIOIENGa-B  HGNC 0SS
3 ASTEATERROCRG AT LSEMEMISIIADG-EY  HONC 8852
LELTIS0EE5ET0Ge-65  6332451631150240-62  HONC 25T70
1 4360GET LBE20 63 S IT24EDEGB0TLIN-E0  HONC L5740
1916TL38407903 362 BEIZIMEI4OTHE0Te-50  HGNC 4428
3 086122451 TH52 3e- 62 1DOTOLESLA1SAGSe-58  HGHC 11816
TRITEIRFIMTI 62 T AOGMOIMARTIG-3  HGHC 068
BOREITIN0RMMe-82 P SEDSHTITINRGEG-SA  HGNC 2158
SIUTAMEN I T2 TENEIA1ALIGIOMMG-58  HOGNC 8065
& SEIEBLELG5007 Te- 560 1220050053450885-56 HONC 7158
1 3434 LE3ADEIS Iie-50 AAZBEBELDLSGTI-56  HGHC 9529
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Alignment coverage

Visualization of coverage of aligned data (and expressed exons)

Using deepTools -> bamCoverage

Input BAM, output BIGWIG



Effective genome size (hg38): 2913022398

Ga laxy practical https://deeptools.readthedocs.io/en/develop/content/feature/e

ffectiveGenomeSize.html

bamCoverage generates a coverage bigWig file from a given BAM or CRAM file (Galaxy Version 3.1.0.0)  Options

BAMICRAM file
0O @& DO 6. KD2_rep2.bam s

Alignment coverage

5: KD2_repl.bam
4: KD1_rep2.bam
3: KD1_repl.bam
2: Control_rep2.bam
G a X y 1: Control_repl.bam
Tools s ! 3
& This is a balch mode input field. Separale jobs will be triggered for each dataset selection.
-
bamcoverage| 9) in size in bases
NGS: DeepTools 10
bamCoverage generates a The genome will be divided into bins of the specified size. For each bin, the overlaping number of fragments (or reads) will be reported. If only half a fragment
biaWia file from a given verlaps, this fraction will be reported
coverage
BAM ﬂg gwig 9 ling/Normalization method
e
rmalize coverage (o 1x M
bamCompare normalizes and . tfactiva ganome gize
compares two BAM files to obtain S
- ; - user specified -
the ratio, log2ratio or difference :
between them The effective genome size is the portion of the genome that is mappable. Large fractions of the genome are stretches of NNNN that should be discarded. Also, if
repetitive regions were not included in the mapping of reads, the effective genome size needs to be adjusted accordingly. We provide a table of useful sizes here:
siideeptools.readthedocs.io/enflatest/content/feature/effectiveGenomeSize. htmi
Workflows tective genome size
= All workflows 2913022398

e.g. cel0: 93260000, dm3: 130428560, hgl9: 2685511504, mm9: 2304947926 (--effectiveGenomeSize)
Coverage file format

[ bigwig -



https://deeptools.readthedocs.io/en/develop/content/feature/effectiveGenomeSize.html
https://deeptools.readthedocs.io/en/develop/content/feature/effectiveGenomeSize.html
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History S ‘ﬂ' ED

Alignment coverage {. search datasets 'ﬂ

RMNA-2018-03-Expression

BIGWIG coverage 18 shown

148.17 MB ~ W -

18: KD1 repl.bigWig

17: Control repl.bigW,
ig

16: KD2 repl.bigWig

15: Normalized counts @ 4 x
with annotation - DES

eq2




History 3 & [0

search datasets Q
Galaxy practical ~ smeer—
148.17 MB ~ % e
Alignment coverage 18 KD1 replbioWi »
388 MB
BIGWIG visualization blgwig, database: hg38

narmalization: 1x (effective
genome size 2913022398)
defaultFragmentlLength: read
length

blackListFileMame: None
minMappingQuality: Mone
maxPairedFragmentLength: 1000
bedFile: None

chrsToSkip: []

binLength: 10

save_data: False
maxFragmentlLength: O
numbers

B 6T ?

display at UCSC main
display in IGB View
display with IGV web current local

e

Binary UCSC BigWig file
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Alignment coverage

CD55 region

UCSC Genome Browser @

move <<<|=<|<l>i>>|>>

an Dec. 2013 (GRCh38/hg38) Assembly

in 1.5x | 3x | 10x | base |zZoom out| 1.5x | 3x | 10x | 100x

bp. [cnsa

go
CD55 (Homo saplens CD55 molecule (Cromer blood group) (CDSS5), transcript variant 7, mRNA. (from RefSeq NM_001300904))

. 18 ko { hass
J chrl: 27,325, 000 267,330, 000| 207,335, 090/ 207,340, eael 207,348, 000| 207,350, e00| 207,355, 00| 267,369, avel
RHAzeq-HNRNFC-knockdoun-b igh ig
_|-krockdoun-bighia | 1 | I | 1
. GENCODE v24 Comprenens ive Transcrint Set (only Basic displawed bu defaulty
cose H *
coss
coss 1 } o
_ coss
eFS00 gene Predictions from NCBL
Refseq Curated s i + — t
OMIM Allelic Variants
oMIN Alleles |
Gene ExXpreéssion in 53 Tissues from GTEX RNA-S&q Of 89535 Samples (S70 donors)
||||| [T || Il |
i 108 _ HIKZTAC MArK (OFTEn FOUNd Near RESU1arory E1ements) on 7 cell 1ines from ENCODE
Lavered HIKZTAC
| L P — e
DHASe | HDET3ensitivity FOAk CILUSTers from ENCODE (95 w11 TWpes)
|  OHase Clusters HENEE W ] oL 1y
4,85 . 180 vertebrates Basewise Conservation by Fhylof
cons 108 verts
e S e TPy 4 T TS W
-4.8 _
HUITIZ A1 iSnments of 148 Vercebrates
NN | SN LN S
S :.g:g:ﬁ.:.:milﬁ
INLL Ul
] Lamprey Im
Sinple MUCleot jde Polumorphisms (oBSNP 1583 Found in 3= 17 of Samples
| common sePsc1sed | | LUMNIIE W00 TRD UMD D WP TR ey i LT Y | O R T AT R T U AT ST
Repeat ing Elewents by RepesrMasker
SINE | I | | | | | | | I [}
Liﬁ 1 1 u Il I e . ——
OHA | [ |
simple | I | | |
Low Comp lexity 1
Satellite
RNA
ather
UnENown
start Click on a feature for details. Click or drag in the base position track to zoom in. Click side nd
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UCSC Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly
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Galaxy practical

Alignment coverage

Now you do it for the other two BIGWIG files
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Galaxy practical

Alignment coverage

If something went wrong, history of DE and coverage visualization

Shared Data -> Histories -> BiS5444 RNA-Seq DE full historx




RNA -Seq data analysis - pipeline in Galaxy

Initial quality check - FastQcC

o  Check for overall quality of the data, number of reads, read length distribution, ...
2. Preprocessing - Trimmomatic

o Remove adapters, low quality ends, unwanted sequences, ...
3. Alignment - STAR

o Map reads to the reference genome
4. Alignment quality check - STAR log, featureCounts

o Check overall alignment statistics
5. Genome coverage (peaks) - bamCoverage

o Get overview of mapped positions in the genome
6. Gene annotation - UCSC Main table browser

o  Get gene annotations for reference genome
7. Quantification - featureCounts

o Get gene read counts
8. Differential gene expression - edgeR,DESeg2 (genes)

o Differences between conditions



RNA -Seq data analysis - other possibilities

Initial quality check - FastQcC
o  Check for overall quality of the data, number of reads, read length distribution, ...
2. Preprocessing - Cutadapt, BBTools, seqtk
o Remove adapters, low quality ends, unwanted sequences, ...
3. Alignment - GSNAP, Bowtie2
o Map reads to the reference genome
4. Alignment quality check - Picard tools, RSeQC, Qualimap
o  Check overall alignment statistics
5. Genome coverage (peaks) - STAR + bedGraphToBigWig, Bedtools
o Get overview of mapped positions in the genome
6. Gene annotation - UCSC, Ensembl, NCBI
o  Get gene annotations for reference genome
7. Quantification - RSEM, HTSeq, Salmon, Kallisto
o Get gene read counts
8. Differential gene expression - DExSeg (exons), baySeqg (genes)
o Differences between conditions
9. Gene ontology and pathways - g:Profiler, KEGG
o Check ontologies and pathways for selected genes



