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Introduction to RNAseq Methods

HTS Applications - Overview

DNA Seguencing
= Genome Assembly

= SNPs/CNVs identification

= DNA methylation

= DNA-protein interactions
(ChiPseq)

= Chromatin Modification
(ATAC-seq/ChlPseq)

RNA Seguencing
Transcript Assembly

Differential Gene
Expression

Fusion Genes

Splice Variants

Protein-RNA interactions
(ICLIP)

Single Cell
RNA/DNA

Low RNA/DNA detection
level

Cell-type identification
Dissection of
heterogeneous cell

populations
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RNAseq Workflow
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Experimental Design
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RNA fragments

with adaptors

ATCACAGTGCGACTCCATAAATTTTTCT
CGAAGGACCAGCAGAAACGAGAGF

GGACAGAGTCCCCAGCGGGCTGAAGGGG
ATGAAACATTAAAGTCAAACAATATGAA

...... |

Short sequence reads

ORF = -
Coding sequence = _
.- -.D .
S aeader Exonic reads -
S T e e RN
i i — - - —
Junction readi Py —— = poly(A) end reads
T—s —- —_— . == Mapped sequence reads
| ——

RNA expression level

Base-resolution expression profile
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Nuclectide position

Nature Reviews  Genetics

Wang, Z., Gerstein, M. & Snyder, M. RNA-Seq: a revolutionary tool for transcriptomics. Nat Rev

Genet 10, 57-63 (2009
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Designing the right experiment
A good experiment should:
= Have clear objectives
= Have sufficient statistical power

= Be amenable to statistical analysis

= Be reproducible
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Designing the right experiment
Practical considerations:
= Coverage - How many reads?
= Read length and structure

= Batch effect consideration

= Library preparation method selection
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Designing the right experiment — Replication

Biological Replication Technical Replication
Accounts for biological variations between individuals « Accounts the variation due to imprecision in the technique
Sampling bias * Technical noise
BIOLOGICAL TECHNICAL
4 ~N 7z, 2. S i N °

< - '
Each replicate comes from Replicates are from the ¥ ¥ ¥

an independent individual A A same individual but
N Y _processed separately y

Please, process as many samples as possible
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Designing the right experiment — How many reads?

Coverage Is defined as:

Read Length x Number of reads

Length of Target Sequence

Considerations

* For general differential expression: 5-25 million reads per sample

* For alternative splicing and low expressed genes: 30-60 million reads per sample

* In-depth view of the transcriptome/assemble new transcripts: 100—-200 million reads
« Targeted RNA expression requires fewer reads.

 MIRNA-Seq or Small RNA Analysis require even fewer reads.

If working with tight budget. Samples >>> Coverage
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Designing the right experiment — Read length

Short or long read sequencing? Paired or Single end reads?

* Gene expression = 75 bp; Short read

* Transcriptome Analysis = longer paired-end reads (2 reads x 75 bp each)

« Small RNA Analysis = short single-end reads

* Novel isoforms and splicing regulation - Long read sequencing (10.000 bp)

Single-end sequencing Paired-end sequencing

exon exon 3"UTR exon © exon 3" UTR

5"III ------ . — [ N j------ [ — 3
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Designing the right experiment — Batch effects

« Batch effects are technical sources of variation that have been added to the samples during handling

« Batch effects are problematic if they are confounded with the experimental variable.

Biological Group Processing Batch Observed Differences
&
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813[(023) — |4 O% e} g
o o v Batch
2| o O O @ 0O O o .aBa(t:ch1 o A A
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4:7; U 1 tch 3 Qc) A A A
goi @ o A% A
-8 ‘;_‘ O 0 o We cannot determine if “ 1 o -
al 2 = 0] —> | S variation is driven by e = ®) Q
l5(\F O > 3 » biology or batch effects £ S Q0 o —L
S 0 = &Y > g - i o 000 1"
> S £ O g o
o R a ] -
i) oM A A on A - ' - . - -
B | = ™ e A & Group1l Group2 Group3 Princinal Component 1
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Designing the right experiment — Batch effects

« Batch effects are technical sources of variation that have been added to the samples during handling

« Batch effects are problematic if they are confounded with the experimental variable.
« Baitch effects randomly distributed across variables can be controlled

 Randomize all steps in order to avoid batch effects

L] Bl EE Condition A
4+ E= EE
Experimental design 1 L | B Condition B
] [
1] ]
Chip 3 Chip 6 Chip 7
I B R
" == E=
Experimental design 2 N E @ W
N D e
. H B
Chip 3 Chip 6 Chip 7
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Designing the right experiment — Batch effects

« Batch effects are technical sources of variation that have been added to the samples during handling

« Batch effects are problematic if they are confounded with the experimental variable.
« Batch effects randomly distributed across variables can be controlled

 Randomize all steps in order to avoid batch effects

Record every single potential batch effect condition: Technician,

days of sample extraction, cell passage...
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T AAAAAAAA MRNA
RNAseq Workflow .
_RNAfragments_ 1
| Experimental Design | M, I N WS s

|

ATCACAGTGGGACTCCATAAATTTTTCT
CGAAGGACCAGCAGAAACGAGAGENNN)
] GGACAGAGTCCCCAGCGGGCTGAAGGGS
ATGAAACATTAAAGTCAAACAATATGAA

...... |

Short sequence reads

[ Library preparation

ORF ¢ —
Duww-e - _
R Exonic reads
L maba e — = )
» p— - r = < l
Junction reads o - = \‘ - =>" =T > poly(A) end reads

- -~ [ - - [ - £ - —— | Gu—
———— — — Mapped sequence reads

Base-resolution expression profile

mew A A
,aq] W ,1"["\#' N \h )\‘(ﬁ \\ ( \h'} 'PV' !
|

| |

RNA expression level

Nuclectide position

Nature Reviews Genetics

Wang, Z., Gerstein, M. & Snyder, M. RNA-Seq: a revolutionary tool for transcriptomics. Nat Rev
Genet 10, 57-63 (2009
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Library Preparation

1. PolyA + RNA capture

2. RNA fragmented and primed
3. First strand cDNA synthesized
4. 3 and 5" ends repaired

5. Adapters ligation

6. PCR amplification

500 pg to 50 ng rRNA-depleted or poly(A)™ RNA

Fragment RNA

Random hexamer with 3' NNNNNN m—
tagging sequence Tagging Anneal cDNA synthesis primer
SRR GREICS Synthesize cDNA
5 (AAAA)

3’ ‘—NNNNNN\ 3 ‘—NNNNNN\

1 Remove RNA

3 N 5

Terminal-tagging oligo(TTO)

3'-end blocked 5" s NNNNNX Anneal TTO
Tagging
sequence Synthesize DNA
5" m NNNNNX
3' “— —

l Purify cDNA

Di-tagged cDNA  3' s —c
PCR primers T Amplify by PCR
Index/bar code (optional)
5' 4
3' —A 5

Adaptor-tagged RNA-seq library Bar code
for directional sequencing (optional)

(AAAA)
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AAAAAAAA mRNA

RNAseq Workflow .

_ = NN AAAA R A A A
——} — or

RNA fragments l

[ Experimental Design ] S e S E—— TR

l with adaptors

ATCACAGTGGGACTCCATAAATTTTTCT
CGAAGGACCAGCAGAAACGAGAGENNN)
GGACAGAGTCCCCAGCGGGCTGAAGGGS
ATGAAACATTAAAGTCAAACAATATGAA

!

Short sequence reads

. ORF ¢ —
ﬁ--‘é Exonic reads
2110 W —— e —
Junction reads _ Dy, <X

% - —— poly(A) end reads

S Mapped sequence reads

Base-resolution expression profile

i o
Y d ( VA"Al
Vo ')

l ' |

i ‘\f\/”\f‘x \

l

RNA expression level

Nuclectide position

Nature Reviews Genetics

Wang, Z., Gerstein, M. & Snyder, M. RNA-Seq: a revolutionary tool for transcriptomics. Nat Rev
Genet 10, 57-63 (2009
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Sequencing

https://emea.illumina.com/science/technology/next-generation-sequencing/sequencing-technology.nhtmi

1. DA fpids over
inio & bridge-ike
e

PrarmiEr

Flons cill

Complemaniany [Reverse)
Srard = made

Clonal copies of boih
borward and resverses sirand

in & Clusine.

a

Reversas Sirand Forward Strand
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(1]
RNAseq Workflow
(a} Genome (b) Transcriptome {c) Reference-free
| mapping | | mapping | | assembly |
[ Experimental Design ] Reads | == )
EnmmdanTﬂ#lﬂ. Unﬂwﬂmﬁparlm Dﬂmmlmnﬂr
i : STAR
[ Library preparation ] P
| epring | [ Mepping to Assembly into
[ Sequencing ] cuttink RSEM, lm
with GFF without GFF Kalllsto | Map reads back
| Bioinformatics Analysis | J—" Tranacrpt Tranecrpt GTF-based | Lo
VR LN 00 | i DAL Counting
Homology based | Blast2GO Homalogy based | Blasi2GOD

Funclional annalation Functional annotation |
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Bioinformatics Analysis

Raw Fastqg data -|Differential Expression Analvsis

Quality Control Gene Annotation

Data Visualization

Read Alignment Enrichment Analysis

Quantification of gene Expression Data processing

Quality Control

Statistical and functional analysis

Data Exploration
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Bioinformatics Analysis

Different data processing
methods answer different
biological questions

Eﬂppﬂdﬂwlﬂ#llt
STAR

=5

Cufflinks

with GFF without GFF

| Map reads back

TF-basag | Hisegq-count,
G RSEM

Counting
Homology based | Blast2GO

Funciional annotation |
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Bioinformatics Analysis

Starting file: .fastq file

@A@O560:228: HM7HMDRXY :2:2101:3061:1000 1:N:0:AGTTGA+NTTACA
NAGTGGTTTCGGGGGGAGTATGGTTGCAAAGCTGAAAAAAAAAAAAAAAAGATGGGAAGAGCACACGTCTGAACTCCAGTCACAGTTGAATCTCGGATTGG
+

#FFFFFFFF: : FFFFFFFFFFFF :F : FFFFFFFFFFFFFFFFFFFFFFFF,F: , :FFF,FF:F::F,, ,F,FF:FFFF,FF:: :FFFFFF,, ,FF,,:,,,
@A@0560:228: HM7HMDRXY :2:2101:3513:1000 1:N:0:AGTTGA+NTTACA
NAAGCCCCTTGAGCATTATCCTTCCACACTGCATCTCAAAAAAGGAAAAAAAAAAAAAAAAGATCGGAAGAGCACACGTCTGAACTCCAGTCACAGTTGAA
+
#FFFFFFFFFFFFFFFFFFFFFFFFFF : F, FFFFFFFFFFFFF, FFFF, FFFFFFFFFFF, F::FF:: FF:F,::FF:FFFF, : :FFFF:FF,FFFFF,
@A@0560:228: HM7HMDRXY :2:2101:6840:1000 1:N:0:AGTTGA+NTTACA
NTTGTCATGGCTGTTCAGAAAGGAATTAAGGGCTTAGGCCAAAACTTACTTTGAGTAAGTTAAAAAAAAAAAAAAAAAAGAACGCAAGAGCACACGACTGA
+

#FFFFFF:FFFFFFF, : FFFFFF, ,FFFFF: , :FFFFFF,FFF: ,FFF,, ,F:F, FFFF, :F:FFFFFFFFFFF:FFF,F,:: ,FF:FF:F:FF:F:,:F

@AOES560:228 :HM7HMDRXY :2:2101:29188:1000 1:N:0:AGTTGA+NTTACA
NACTGAGCTATGACTGCTCCCCTGCACTCCAGGCTGGGTGACAGAGTGAGACCCAGTCTCTAAAATAAAAAAAAAAAAAAAAAATAACGGAAGAGCACACG

+

#FF : FFFFFFFFF : FF : FFFFFFFFFFFFFFFFFFFFFFFF : FF : FFF, FFFFFFF : : FFFF : FFFFFF : FF, FFFFFFFFFF, , , ,FF:F: :FFFF:,F,
@AO0560: 228 : HN7HMDRXY:2:2101:30581:1000 1:N:0:AGTTGA+NTTACA
NTCCTTGCCTTCTTTACTCGGCGTGCTCCTTTTCTCTTTGGGTTTCTTGTTTACCAAAGAAGAGTTTACAGACAATAAAATGGAAAGGTCCTGCTGTGGAA
+
#FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF : FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF : FFFFFFF : FF: FFFFF
@AOO560: 228 : HN7HMDRXY:2:2101:2275:1016 1:N:0:AGTTGA+NTTACA
CGAGGCAGCCGGCTCATAAAGGTTCATTTGGACAAAGCACAGCAGAACAATGTGGAACACAAGGTTGAAACTTTTTCTGGTGTCTATAAGAAGCTCACAGG
+

FFFFFF, FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
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Bioinformatics Analysis

Starting file: .fastq file

1AQ0560:228 : HM7HMDRXY : 2:2101:30581:1000 1:N:0:AGTTGA+NTTACA
NTCCTTGCCTTCTTTACTCGGCGTGCTCCTTTTCTCTTTGGGTTTCTTGTTTACCAAAGAAGAGTTTACAGACAATAAAATGGAAAGGTCCTGCTGTGGAA

#FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF : FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF : FFFFFFF : FF : FFFFF

First line: Always begins with an @ followed by an identifier sequence and an optional description
Second line: Raw sequence letters
Third line: Begins with a plus symbol (optionally followed by the sequence identifier)

Forth line: Quality scores for each sequence letter. Must have the same length of the second line

How quality (Q) of a read is computed? - Q =-10*Log (P) ;

Being P the probabillity of a base being called incorrectly
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Per Sequence GC Content EX @ Help

The average GC content of reads. Normal random library typically have a roughly normal distribution of GC content. Y-Limits: \

Percentages = Counts

B i Oi nfo r m a t i CS A n a Iys i S | FastQC: Per Sequence GC Content Export Plot

Quality Control: FastQC 5

‘ 4
% 4
Sequence Quality Histograms RGN @ Help :
a 3
The mean quality value across each base position in the read. Y-Limits: | on
2
FastQC: Mean Quality Scores Export Plot
40
1
35
__-—'"""'---..._‘ 0
0 10 20 30 40 50 60 70 80 Q0 100
30 % GC

B Adapter Content D @ Help

4
o
i’é 20 The cumulative percentage count of the proportion of your library which has seen each of the adapter sequences at each positishimits: | 1o
=
(=
15
FastQC: Adapter Content Exrae Hst
- 40
5 35
0 30
10 20 30 40 50 60 70 80 90 100
Position (bp)
25
%]
o,
=
a
=
J 20
w
s
o
15
10
5
0

10 20 30 40 50 60 70 80 a0
Position (bp)
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Bioinformatics Analysis

Alignment / Mapping: RNA-Seq reads
] i R — - - L
O O 4= = — B ]
e - — I:L_l — -
—
:II:I I:II_II—]I:IIZI —] — s Ry L -
i — -
- - o= o o B i
Align to a reference — Align to a reference
genome transcriptome
- 8 | s N I

o IO o0—0O O

3 O o I e [ T e ¥ s T T

- i — — ey B s

— O OO OOOoOc—— S Co/s
] — e | e s R o e i N
Genome
Assemble transcripts Align transcripts
from spliced alignments to genome
Y

L = | More abundant BT
- = [ D——{

[ el | Less abundant
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l Piece RNA-Seq reads into contigs (Inchworm)

Bioinformatics Analysis S

e T

l Cluster contigs intc components (Chrysalis)

Alignment / Mapping: De novo Alignment

-

. . . BT IS CSEEEESIOATEEREATAEE aggnreadsio
1. Extract and count K-mers (substrings of length k contained in a sample) TES ST (S oTEIIEET  compononts (Oysale
2. Assemble Initial contigs R /: T S RS
based on coverage
- . ard read pairinns E ranscript ilsoforms using r Butterfi,
3. Cluster overlapping contigs B l MUMBTEER FRNGCIIFE 1CTONMS URNG reads (Suerm)

. . . ' : >
4. Resolve alternating splicing and paralogous transcripts for each cluster ,:-FD-E-TE-*E-L_

Incongruancics
with relerenca ganome

I
I Altﬁrnﬂlii'.r!*_}'

Y Alternative sphcing
* Promoberns
X =

".., i_-_l_.—- Abarralion from

B4 erchomosomalreamangemen
L —

Insights fram de novo transcriptome-spacific assembly

II|||||'I ..___..-F" R PSR L
! R [ Result of conventional de novo asseambly J

I ———
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Bioinformatics Analysis

Alignment / Mapping: BAM file

Mouse (mm39) v chr4 v chr4:148,697,526-148,712,419 Go, 7 4 » @ M = 2 | e RRRRRIRRNARY (IRERRARE:
< |
q
-~ 14 kb -
148.698 kb 148.700 kb 148.702 kb 148.704 kb 148.706& kb 148.708 kb 148.710 kb 148.712 kb
| | | | | | | | | |

202212170320 ... bam Coverage

202212170320_AP_1_001_clean2A

[0- 1644] ‘

Gene

edByCoord.out.bam Junctions # —
N | | Il 11 |l =T —— T T 8 1 |
N - | R .. | | | | | ]
N I I I | o | | I | | |
| | | B | | | | | |
| o] 1 | | | | | | |l
I | | 1] | | Il | |4 |
202212170320_AF_1_001_clean2A Pl 1] | | | || |
ned.sortedByCoord .out.bam : | | ||| | ” | | |
| 14 - N I
| | HI | | | | |
[ R . | | 1 |l Il |
DN | | A R | | | B |
Ll | I | | A |
e | N | u Il
(¢ < <4< < < < < < = — i [

[T BT

Tardbm

Teardlbem
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Bioinformatics Analysis

Gene Quantification

 The abundance level of a gene is measured by the number of reads that map to that gene

1 ensembl_havana gene 1471765 1497848 . +

3B"; gene_source "ensembl_havana"; gene_biotype "protein_coding";

Reference genome sequence

ses[ Exonl | Intronl | Exon2 | Intrond |

—
— — —
. L1 [
E,-E"'I:Il_jﬂ_"'r]{ IrNeEd rE— — —
| — —
—
—i
e

reads

Digital
-|'l.|Z|I-|“=.'-.IIZ:-I'|
read-out

Number of reads

lndling nﬂ

Position in the genome

ndnlllp

| —

gene_id "ENSGOOOO0160072"; gene_version "20"; gene_name "ATAD

sample1 | sample2|sample3 |sample4
genet 999 701 616 595
gene2 532 520 41 26
gene3 14 36 305 322
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ENSMUSG00000001023
ENSMUSG00000001025
ENSMUSG00000001027
ENSMUSG00000001029
ENSMUSG00000001034
ENSMUSG00000001036
ENSMUSG00000001039
ENSMUSG00000001052
ENSMUSG00000001053
ENSMUSG00000001054
ENSMUSG00000001056
ENSMUSG00000001062
ENSMUSG00000001065
ENSMUSG00000001076
ENSMUSG00000001082
ENSMUSG00000001089
ENSMUSG00000001095
ENSMUSG00000001098
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SH_ WT_ND_1

Gene Quantification

141

55

14

SH_ WT_ND_2

N

Bioinformatics Analysis

SH_ WT_ND_3

833

SH_ WT_ND_4

833

N

10

SH_CDKL5_KO _ND_1

247

3

16

SH_CDKL5_KO ND_2

149

38

18

SH_CDKL5_KO ND_3

960

SH_CDKL5_KO ND_4

b

SH WT D_1

48
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Bioinformatics Analysis

Gene Quantification

il

ENSMUSG00000001023
ENSMUSG00000001025
ENSMUSG00000001027
ENSMUSG00000001029
ENSMUSG00000001034
ENSMUSG00000001036
ENSMUSG00000001039
ENSMUSG00000001052
ENSMUSG00000001053
ENSMUSG00000001054
ENSMUSG00000001056
ENSMUSG00000001062
ENSMUSG00000001065

SH_ WT_ND_1

147

55

19

SH WT_ND_2

Bl

SH WT_ND_3

58
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SH WT_ND_4

0
55

N

10

How to represent the results?

Normalization
method

CPM [Counts per
millior)

TPM [transcripts per
kilobase million)

RPKM/FPKM
[reads/fragments per
kilobase of exon per
million
reads/fragments
mapped)

DESeq2s median of
ratios[1]

EdgeR's trimmed
mean of M values
(TMM) [2]

Description

counts scaled by

total number of
reads

counts per length of
transcript [kh) per

rrillion reads
mapped

sitnilar to TP

counts divided by
sample-specific size
factors determined
by median ratio of
gene counts relative
to geometric mean

per gene

uses 3 weighted

trimmed mean of
the log expression

ratios between
samples

Accounted
factors

seCjuencing
depth

seCjuencing
depth and gene
length

seCjuencing
depth and gene
length

seCjuencing
depth and RMNA
CoMmposition

seCjuencing
depth, RMNA,
CoMmposition,
and gene
length

Recommendations for
use

gene CoUnt CoMmparisons
between replicates of the
same samplegroup; NOT
for within sample
comparisons or DE
analysis

gene count comparisons
within a sample or between
samples of the same sample
group: NGT for DE analysis

gene count Ccomparisons
between genes within a
sample; NOT for between
csample comparisons or
DE analysis

gene count Comparisons
between samples and for
DE analysis: NOT for
within sample
comparisons

gene count comparisons
between and within
samples and for DE
analysis
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