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RNAseq Intfroduction



25 DNA is the same in all cells... ScilifcLab
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... but which RNAs that are present is different
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A wide variety of functional RNAs
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RNA
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ncRNA

Non-coding RNA. Transcribed RNA with a structural,

functional or catalytic role
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rRNA
Ribosomal RNA
Participate in
protein synthesis
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tRNA SnRNA
Transfer RNA Small nuclear RNA
Interface between -Incl. RNA that
mRNA & form part of the
amino acids spliceosome
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snoRNA

Small nucleolar RNA
Found in nucleolus,
nvolved in modificatior
of rRNA
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stRNA

Small temporal RNA.
RNA with a role in
developmental timing
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: Other
n_'"RNA Including large RNA
Micro RNA with roles in
Small RNA involved chromotin structure and
requlation of expression imprinting
siRNA

Small interfering RNA
Active molecules in
RNA interference
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3 ENCODE Scil ifeLab

Encyclopedia Of DNA Elements - identify all functional elements in the
human and mouse genomes.
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5C DNase-seq  ChIP-seq WGBS Computational RNA-seq  CLIP-seq
ChIA-PET FAIRE-seq RRBS predictions RIP-seq
Hi-C ATAC-seq methyl array
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/ /M Based on an image by Darryl Leja (NHGRI), lan Dunham (EBI), Michael Pazin (NHGRI)



3 ENCODE Scil ifeLab

Encyclopedia Of DNA Elements - identify all functional elements in the
human and mouse genomes.
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NB§S Biochemical evidence not enough to SCiLy%Lab
identify functional RNAs

INFRASTRUCTURE SWEDEN

(m@mmalian conservation)

Protein-coding

Whole genome

Defining functional DNA elements in the human genome
Kellis M et al. PNAS 2014;111:6131-6138



2 Defining functional DNA  Scil.ifcLab

elements in the human

genome
. S’rc:’reme_n’r. « Conseguence
— A priori, we should not expect — Should have high confidence
the franscriptome to consist that the subset of the

exclusively of functional RNAs.
Why is that
— Zero tolerance for errant

genome with large signals for
RNA or chromatin signatures
coupled with strong

transcripts would come at high
cost in the proofreading
machinery (perfectly gate RNA
polymerase and splicing
activities, instantly eliminate
spurious transcripts)

In general, sequences
encoding RNASs transcribed by
noisy franscriptional machinery
are expected to be less
constrained, which is also
shown by data

conservation is functional
and will be supported by
appropriate genetic tests.

— In contrast, the larger
proportion of genome with
reproducible but low
biochemical signal strength
and less evolutionary
conservation is challenging
to parse between specific
functions and biological
noise.
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Different kind of RNAs have SCiLiﬁLab
different expression values
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NB3S Gene expression
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SCiLiﬁLab

*  Which RNAs are expressed, and sometimes then translated to proteins, varies

between samples

* RNA gives information on which genes that are expressed

CELL TYPES

AND TISSUES

-Tissues
-Cell types
-Cell states
-Individuals

-Cells



NB:S Transcriptome SCiLiﬁLab
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Enchancer Promoter TFBS TS5 Exon Intron Exon Intron Exon TSS
L — ¥
5 A — 13
Genomic DNA ) Gene ’
v
5UTR CDS CDSs CDS 3J3'UTR
v b
Primary RNA 5’ | H3
v » s
Mature mENA Pre-processed RNA
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*The transcriptome is spatially and temporally dynamic
*Data comes from functional units (coding regions)
*Only a tiny fraction of the genome

*One gene, many different mRNAs



2 Applications of RNAseq Scil ifelab

ldentify gene sequences in genomes

— Novel gene identification/transcriptome assembly
Differential gene expression

— Different conditions

— Transcriptional profiling (e.g. fissue specific expression)
Explore isoform and allelic expression

Understand co-expression, pathways and networks
Gene fusion

|dentification of splice variants

RNA editing
SNP finding

MIRNAS
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microRNA analysis

SCiLij%Lab

AAAUGCAU

AAATGCATCCTTTGAAGGTTTTGGGCTG

5' moR

3'moR

(LT LT T Ll LU LT LT

Drosha
cleavage

CGTGTCAGGAGTGCATTTGCA

loop

CTGAAACTATCTGAAGCATG

miR-277*

miR-

277

Dicer-1
cleavage

TAAATGCACTATCTGGTACGACH

--------- 5" fixed cz-------

E——— -

b -

CGTGTCAGGAGTGCATTTGCA
CGTGTCAGGAGTGCATTTGC -
CGTGTCAGGAGTGCATTTG -~}

IPTAAATGCACTATCTGGTACGACH
[PAAATGCACTATCTGGTACGAC

TTCCAGAACGTACAATCTTCCCGAA

ITAAATGCACTATCTGGTACGA -

CTGAAACTATCTGAAGCATG

TGAAACTATCTGAAGCATG

ETGAAACTATCTGAAGCAT

3' fixed --

L. B et et
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(Berezikov et al. Genome Research, 2011.)

[TTCCAGAACGTACAATCTTCC = ===
TTCCAGAACGTACAATCTTCCCGAA

len reads

1016281
327660
217490
35869
27827



2 Workflow (for DGE) Scil ifcLab

Experimental QC
design v Reads
M Mappi v De-novo
RNA abpIng Genome Transcriptome
. v assembly
extraction M .Y
v Quantification Alignment
Library
preparation Correlation Annotation
v v
Sequencing CIUStering
v
v MDS/PCA
Data processing v
v Differential
Gene

Data analysis ,
4 Expression



2 Experimental design ScilifeLab

« Avoid tfechnical biases
— Batfch effects

« Balanced design

« Number of replicates

— Depends on amount of variability (technical, biological) as well
as on desired staftistical power

— Technical replicates (most often) not necessary

— Biological replication required if inference on the population is
to be made, three replicates is the minimum for any inferential
analysis

— Biological replicates: 6 - 12 (Schurch ef al., 2016)



NB?S Statistical properties of edgeR (exact) as a function of
NATIONAL BIOINORAs threshold, T, and the number of replicates, nr.
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g How is RNA-seq data Sci
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generated?
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A wide variety of functional RNAs
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ncRNA

Non-coding RNA. Transcribed RNA with a structural,

functional or catalytic role
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b rRNA depletion vs. :
> pietiol Scil ifeLab
polyA selection
Method Pros Cons Recommended
rRNA *Captures on-going *Does not get rid of all 20-40 min reads
depletion transcription rRNA (single or PE)
*Picks up non-coding *Messy diff.ex. profile
RNA
polyA *Gives a clean diff.ex. *Does not pick non- 5-20 min reads
selection profile coding RNA
*Does not work on
prokaryotes

Alternative for human RNA-seq:

AmpliSeq Human Transcriptome panel:
* faster, cheaper, works fine with FFPE

* input: 50 ng total RNA

o diff.ex. ONLY

18s rRNA — | - 28s rRNA

mirRNA

o
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< Library preparation Scil ifeLab

* RNA selection
— rRNA depletion/polyA selection

— Size selection (MiRNA) ;ﬁm ) = e
— Exome capture mRNA transcript

« Generation of cDNA — Y
— Strand preserving library? cDNA

« Fragmentafion and size selection B R EEERAL
UEREENEEUNE_ENeeRDE=

cDNA fragments
A J

I A[ue
CDEERIBERE
ETHTETETETE EEAL

Library



3 Sequencing Scil ifeLab

Sequencer (lllumina/PacBio)
Read length
Pooling samples

Sequencing depth (coverage)
clafmeimeisieinie

Single-end reads IR
- Cherel’ Lit:l;:sn",..r
: _ g -0 T
Po|red.end reads | HEEO0  BOE00
— Easier to map correctly; higher Y RIR BRI
accuracy for QGE Y : |'f j| ﬁl |-__ |
- Beﬁel’ OSSGmb“eS Single-endreads  + <+ =+ <+ =

Paired-end reads

— Better for structural variation and
isoforms



2 Promises and pitfalls Scil ifelab

Long reads Short reads
Low throughput (-) * High throughput (+)
Complete transcripts (+) * Fractions of transcripts (-)
Only highly expressed genes (--) * Full dynamic range (+-)
Expensive (-) e Cheap (+)
Easy downstream analysis  (+) *  Strand specificity (+)
Better for isoforms (+) «  Greater than 50bp does not improve

DGE
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_ 1000 EST
% 100 eas=m MicroArray
] emmmRNASEq

10

1 1
1 10 100 M iran]cgiop(%s /CehOOOO 00000 1000000



Scil ifeLab

< Depending on the different
steps you will get different
results

RNA->

AAAAAAAA PolyA (mRNA)
.  —— RiboMinus (- rRNA)
enrichments -> extraction of poly-A RNAs l Size <50 nt  (miRNA)
—_—AAAAAAA | L
—_—A
Ry — AAAAA
conversion into ds-cDNA
and shearing
— A AAAAAA
— AAAAA —— v EBCECE Size of fragment
aa  AAA Strand specific

— _'[;;E i 5’ end specific
amplification and o
adapter ligation 3’ end specific

—A— | e
g’ AAAAAA—
) - I TTTTTT —
library -> m——
— AAAAA— — e AAA—
—_— —TT— TTT—
sequencing
single end (SET) paired-end (PET)
reads -> — —

—_——

Single end (1 read per fragment)
Paired end (2 reads per fragment)




2 Quality control Scil ifeLab

-samples might not be what
you think they are

Experiments go wrong

— 30 samples with 5 steps from samples to reads has 150
potential steps for errors

— Errorrate 1/100 with 5 steps suggest that for one of every 20
samples the reads do not represent the sample

Mixing samples
— 30 samples with 5 steps from samples to reads has ~24M
potential mix ups of samples

— Errorrate 1/ 100 with 5 steps suggest that one of every 20
sample is mislabeled

Combine the two steps and approximately one of every 10
samples are wrong



NB3S Workflow SCiLy%Lab

NATIONAL BIOINFORMATICS
INFRASTRUCTURE SWEDEN

Experimental QC

design — sl
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Workflow

SCiLifeLab

Experimental
design
v
RNA
extraction

v
Library

preparation
v

Sequencing

v

Data processing

v
Data analysis

Reads
Mappi v .
apping Genome Transcriptome
v v
Quantification Alignment
Correla Annotation
v
Clustering
v
MDS/PCA
v
Differential
Gene

Expression

De-no
assembly
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Reads to counts using transcriptome,
alignment free



NB:=S From reads to counts SCiLy%Lab

NATIONAL BIOINFORMATICS
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De novo assembly

l Reference guided

L assembly of transcriptome
= T
L = | —=—— 1

Map reads to contigs/transcriptome

Fifrliin
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<> Differential expression analysis Scil ifeLab

using univariate analysis

Which genes are up-/down-regulated in one group compared
the other(s)?

Typically univariate analysis (one gene at a time) — even though
we know that genes are not independent
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Gene set analysis and data
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2 The RNAseq workshop Sci

Lab

From RNA to seq to reads (Infroduction)

Quality control (Wednesday)

Mapping reads programs (Wednesday)

Data management (Wednesday)

Differential expression analysis (Thursday)

Gene set analysis (Thursday)

RNAseq pipeline (Thursday)

Transcriptome assembly, with and without reference (Friday)
Functional annotation of transcripts (Friday)



All steps will affect the results  Scil ifclab

All RNA




SCiLiféLab

Experimental setup




Lab work + RNA extraction




RNA enrichment protocoll
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All steps will affect the results  Scil ifclab

Sequencing machine




Reference




Mapping program




NBZS Al steps will affect the results SCiLifeLab
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Differential expression analysis program
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NB3S Try to be as consistent as SCiLfeLab

possible

Differential Differential
expression | expression
analysis program analysis program

Differential Differential
expression | expression
analysis program analysis program




