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e Summary of the course
o Day 1: RNA-seq introduction and processing
o Day 2: RNA-seq analysis (clustering, differential gene expression, GO
enrichment)
o Day 3: RNA-seq analysis (splicing)
e MultiOmics

o ChlIP-seq (processing and data analysis)
o ATAC-seq (visualization)

® Hands-on MultiOmics

o ChlIP-seq and ATAC-seq signal in the UCSC genome browser
o promoter regions of differentially expressed genes

o promoter regions of differentially spliced genes

© omics portals

® Multiple-choice exercise
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Day 1: RNA-seq
introduction and processing



Molecular biology dogma
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e The genome is identical in all cell types, however not all cell types have the
same function. That's why the transcriptome (and the epigenome) becomes
also relevant.

https://sdtimes.com/23andme/sd-times-blog-using-dna-for-access-control/
https://www.pinterest.com/pin/702139398127827000/

Cecilia Coimbra Klein https://www.etsy.com/market/human_heart_svg
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Typical pipeline
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Day 2: RNA-seq analysis
(clustering, differential gene
expression, GO enrichment)



Analysis pipeline
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Analysis pipeline
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Samples clustering
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Analysis pipeline
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Differential Gene Expression
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Differential Gene Expression
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GO term enrichment
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GO term enrichment
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Day 3: RNA-seq analysis (splicing)
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Molecular biology dogma
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identical in all cell types, however not all cell types have the

same function. That's why the transcriptome (and the epigenome) becomes

also relevant.

Cecilia Coimbra Klein

https://sdtimes.com/23andme/sd-times-blog-using-dna-for-access-control/
https://www.pinterest.com/pin/702139398127827000/
https://www.etsy.com/market/human_heart _svg
https://www.vectorstock.com/royalty-free-vector/human-liver-black-icon-vector-7458173

19


https://sdtimes.com/23andme/sd-times-blog-using-dna-for-access-control/
https://www.etsy.com/market/human_heart_svg

Isoform usage

Gene
v (O N

Isoforms <

Cecilia Coimbra Klein 20



SUPPA: generate events based on gene annotation

Skipping exon SE

el s3

k s2 e2
Mutually exclusive exons :@: MX
el s3 e3 s4

e2

Alternative 5’ splice-site A5
Genome el 53
. s2
coordinates Alternative 3’ splice-site A3
l el s3
s1 el s2 e2
)SO_v —am—C)—aa. s1 el s3
Iso, e Alternative first exon == | AF
1505 [ = s2 e2™\"
' el s3 e3
Alternative last exon | | | AL
Events = /= SN2 e

https://bitbucket.org/regulatorygenomicsupf/suppa
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SUPPA: generate events based on gene annotation

-0(2 EVG ntS Skipping exon SE
C el s3
Q 50000
s2 e2
L 40000 - Mutually exclusive exons :@: MX
(@p) el 53 eaN/ 54
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e
B 20000 - Alternative 5’ splice-site AS
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Event types

# number of alternative events with PSI values
ggbarplot.R -i input.tsv -o number of events.pdf --title "Events"

-—y title "Number of AS Events" --x title "Event types" --palette fill
/tutorial/palettes/cbbPalette.8.txt -f 1

Cecilia Coimbra Klein https://bitbucket.org/regulatorygenomicsupf/suppa 5,



SUPPA: Quantify event inclusion levels (PSls)
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# number of alternative single exon skipping
ls *.SE.psi|while read f;do echo -e $f"\t"S(grep -v nan $f |wc -1);done |

ggbarplot.R -i stdin -o number of SE.pdf -f 1 --palette fill
/tutorial/palettes/palTissue.txt --title "Skipping Exon (SE)" --y title
"Number of Events" --x title "Tissues"

Cecilia Coimbra Klein https://bitbucket.org/regulatorygenomicsupf/suppa 53



Number of Events

SUPPA: Quantify event inclusion levels (PSls)

52 e2

Skipping exon SE
el 53

Skipping Exon (SE)
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# number of alternative first exons

Alternative first exon | | | AF
2 el™w"

Alternative First Exon (AF)

V1
Brain.AF.psi

M Heart.AF.psi

[ Liver.AF.psi

Number of Events

Tissues

ls *.AF.psi|while read f;do echo -e $f"\t"S(grep -v nan $f |wc -1);done |

ggbarplot.R -i stdin -o number of AF.pdf -f 1 --palette fill
/tutorial/palettes/palTissue.txt --title "Alternative First Exon (AF)"
--y title "Number of Events" --x title "Tissues"

Cecilia Coimbra Klein
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SUPPA: compare conditions

Condition A Condition B Condition C
1 Z3%5. M 123N 123..L

Event 1111 e SUPPA calculates the magnitude of splicing
Event 2 change (APSI) and their significance across
Svent 3 multiple biological conditions, using two or
Event P | | more replicates per condition.

e  Statistical significance is calculated by
comparing the observed APSI between
e () conditions with the distribution of the APSI
between replicates as a function of the gene
expression (measured as the expression of
the transcripts defining the events).

A PSI

A PSI

https://bitbucket.org/regulatorygenomicsupf/suppa
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value

Skipping Exon (SE) .
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srensiannnnnnnoig4q9 11.8SE.chr9.86798699.86798830.86798844.86804455..
3419.11.SE.chr9.86783434.86790056.86790139.86791485..
3419.11.SE.chr9.86809548.86809651.86809656.86815430..
»781.10.SE.chr2.10056161.10056770.10056806.10058996..
2337.11.SE.chr6.71851880.71852763.71852867.71856912..
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24.11.SE.chr17.83421735.83425258 83425431.83427223 ...
ENSMUSG00000032479.11.SE.chr9.110068985.110072613.110072705.110078003..
ENSMUSGO00000032374.10.SE.chr9.92600882.92601985.92602047.92602948 ..
ENSMUSGO00000033392.11.SE.chr9.113881751.113887045.113887047.113889958..
ENSMUSGO00000032624.11.SE.chr17.83428025.83428216.83428248.83440031...
ENSMUSG00000026566.11.SE.chr1.165593677.165601750.165601855.165604610..
ENSMUSGO00000027699.15.SE.chr3.27147019.27148795.27148887.27148993...

ENSMUSG00000026670.11.SE.chr1.170143463.170147996.170148046.170149271..
ENSMUSG00000002948.14.SE.chr8.4239033.4240688.4240735.4243304...
ENSMUSGO00000058056.11.SE.chr8.61533575.61534858.61534908.61535686..
ENSMUSG00000028745.14.SE.chr4.139287832.139288861.139288973.139291003..
ENSMUSG00000029020.9.SE.chr4.147898642.147902928.147903010.147903355..
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Heart_2

Liver_1
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Brain_1
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value

]
Skipping Exon (SE)

comparison of Brain and heart
e p-value <0.05

e Select top events from pairwise l I:,_%
-

e APSI>0.5

e PSI| =1 inclusion of exon
e PSI| =0 exclusion of exon

# prepare input for heatmap

event=SE; awk 'BEGIN{FS=0FS="\t"INR>1 && S$2!="nan" && ($2>0.5 || $2<-0.5)
&& $3<0.05{print}' DS.${event}.dpsi|cut -fl > top-examples-SE.txt
selectMatrixRows.sh top-examples-SE.txt DS.SE.psivec >
matrix.top-examples-SE.tsv

# heatmap SE

ggheatmap.R -1 matrix.top-examples-SE.tsv -o heatmap top-examples-SE.pdf
--matrix palette /tutorial/palettes/palSequential.txt --row dendro
--matrix fill limits "O,1" -B 8

Cecilia Coimbra Klein
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Alternative First exon (AF)

value

000 025 050 075 1.00
ENSMUSG00000058070.10.AF.chr12.108410662.108410695.108463527.108423078.108423261.108463527 ..
ENSMUSG00000003534.13.AF.chr17.35693917.35702102.35702317.35693917.35703924 35704139..
ENSMUSG00000022951.11.AF.chr16.92397436.92399896.92400077.92397436.92465833.92466146..
ENSMUSG00000020456.13.AF.chr11.6291985.6292291.6296952.6292605.6292714.6296952...

ENSMUSG00000054920.8.AF.chr5.65107568.65107861.65141260.65131231.65131776.65141260..
ENSMUSG00000003534.13.AF.chr17.35693917.35700431.35700610.35693917.35703924.35704139..
ENSMUSG00000028937.10.AF.chr4.152178134.152178340.152206764.152186206.152186385.152206764..
ENSMUSG00000002345.13.AF.chr8.70139707.70139772.70141864.70140277.70140356.70141864..
ENSMUSG00000047731.13.AF.chr19.46599084 46599293 .46644353.46623401.46623579.46644353..

ENSMUSGO00000027777.11.AF.chr3.68572245 68572663.68596150.68584179.68584424 68596150..
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# prepare input for heatmap

event=AF; awk 'BEGIN{FS=0FS="\t"}NR>1 && $2!="nan" && ($2>0.5 || $2<-0.5)
&& $3<0.05{print}' DS.${event}.dpsi|cut -fl > top-examples-AF.txt
selectMatrixRows.sh top-examples-AF.txt DS.AF.psivec >
matrix.top-examples-AF.tsv

# heatmap alternative first exons top examples

ggheatmap.R -1 matrix.top-examples-AF.tsv -o heatmap top-examples-AF.pdf

--matrix palette /tutorial/palettes/palSequential.txt --row dendro
--matrix fill limits "O,1" -B 8

Cecilia Coimbra Klein
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Which *-Seq do | need?

: Transcriptomics Epigenomics
Genomics analyses analyses analyses
U, TS RNA-Seq Bisulfite-Seq, Chip-Seq
DNA RNA DNA/epigenetics
« _ N O N [ £ N
SNPs, small indels, Gene and transcript DNA methviation
copy number expression (coding histone mo di¥icati OI"\ S
variations, structural and non-coding), TE binding sites etc’
rearrangements, etc. alternative splicing, etc. 9 L
AU VRN | /

e Learn more about your favourite *-Seq here!

e Note that we are always talking about re-sequencing, which is something different
from de novo sequencing (what is done for a new genome assembly)

Cecilia Coimbra Klein 29
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Molecular biology dogma
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identical in all cell types, however not all cell types have the

same function. That's why the transcriptome (and the epigenome) becomes

also relevant.
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Dynamics of gene regulation
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Chromatin organization

Interphase chromatin

Chromosome

Heterochromatin
“Silent”

v i
v/

Euchromatin
“Active”

DNA

The chromatin signature of pluripotent cells, StemBook, NCBI

. . _ https://www.ncbi.nlm.nih.gov/books/NBK27041/figure/thechromatinsignature.F1/
Cecilia Coimbra Klein 33



Histone modifications

chromosome

N-terminal histone tail
nucleosomes

double-stranded DNA chromatin

histone proteins

Methyl Group - methylation, acetylation and
phosphorylation
- involve covalent post-translational
modifications mostly to the residues
Hctone at the positively charged N-terminal
Octamer tails of histones.

https://www.whatisepigenetics.com/histone-modifications/
https://www.epigentek.com/catalog/advanced-epigenetic-overview-of-histone-modifications-n-5.html?currency=es

Cecilia Coimbra Klein 34
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Histone modifications

-

K N NI '4”

(3
o I/ NIV T/ )/ Y4z,

TF ‘RNAPII ‘ RNAPII

- Histone @@ Histone )
Active gene modifiers modifiers
RNAPI H3K4me3
H3K9ac

Y./ /Y. 7AV./

Transcription

(b)

H3K36me3
H2BK5me1
H3K9me1
H3K27me1
H4K20me1

Promoter 3

NDR

Barth & Imhof (2010) Trends in Biochemical Sciences
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Histone modifications

(c) PRC1 HP1

VAN, 172V 7,7/ 172V 74,1 72N, 17AV 172N, 172V 1 7AY 7RV 7V, 178N 1 7AV | 7Av 1 7RV ¥,
Inactive gene

(d)

H3K9me2/3
H4K20me3

5 Promoter 3

Barth & Imhof (2010) Trends in Biochemical Sciences
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ChlP-seq: Chromatin InmunoPrecipitation

Sample fragmentation
Immunoprecipitation

<

AN

Non-histone ChIP Histone ChIP
End repair and
adaptor ligation PolyA tailing
4
[~ [ —
[ = e f—
Cluster Amplification
generation l on beads
(bridge PCR) {emulsion PCR)
»
Ny \ /»/’
X T4 %
ST R
% ,-\"/'/[ Y
i ‘

Helicos
lHlumina Single-molecule
Sequencing Roche ABI sequencing
with reversible Pyrosequencing Sequencing with reversible
terminators by ligation ¥ terminators

Park (2009) doi: 10.1038/nrg2641

Sequence reads

Nature Reviews | Genetics
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Mapping

Find a correspondence between the
query sequences (ChlP-seq reads)
and our prior knowledge (reference
genome sequence).

reference

Distribution of tags
are computed

Profile from combined tags \
e.g., extend each mapped
location with a

fragment of
estimated size

Sum up the fragments
to generate a profile. f

peak identification
can be performed
on either profile

Peak calling

Cecilia Coimbra Klein



Peak calling

Cecilia Coimbra Klein

protein or
nucleosome
of interest

3 negative strand 5
* i
/ -
§' ends of I
fragments are S —-
sequenced P
o
G
_—
G
Short reads

Distribution of tags
are computed

reference genome

Profile from combined tags
e.g., extend each mapped
location with a
fragment of
estimated size

Sum up the fragments
to generate a profile.

\\

peak identification
can be performed
on either profile

Park (2009) doi: 10.1038/nrg2641
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Peak calling: MACS2

Signal profile

(bigWig)

Cecilia Coimbra Klein

Tag

Count

P(s)

Generate signal profile
along each chromosome

- ]
ChiP g=  tag shift

Position (bp)
Identify
peaks in
chip Tag
Count

signal

Define background
(model or data)

Control

Count

WS S o,
l Position (bp)

I - Peak region

Enrichment relative
to background

Peak regions

Assess Significance

/N

Position (bp)
'l' (BED)
Filter artifacts
Tags
_>x6 X
o N
Position (bp)

Pepke et al. (2009) doi: 10.1038/nmeth.1371
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RNA-seq signal

genome-euro.ucsc.edu

lchrg (YAS.2)

Scale 2 kb} | mmig

11.4103 _ RNAseq, heart, FRNAembryoHeartl

183,34 RNASed, 1iver, PRNASMbruoL jverl

RNAsed, 1iver, FRNAembryoL iveri
8.,081424 _

J chra: | 44,338, 000| 44,339, aoa| 44,349, 008| 44,341, 008| 44,342, 000| 44,343, 000| 44,344, 000|
Basic Gene Ahnotation Set from GENCODE Version MiS (Ensembl 93)
Hmbs  eosill----4-—— -1 B
Hibs el §-—— -+ - -t

RNAseq, heart, PRNAembryoHeart1
8.01513 _ . l = 194 h_

e expected read depth at each position in the genome
e can be normalized (e.g. RPM, reads per million reads)

Cecilia Coimbra Klein
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UCSC: signal files

genome-euro.ucsc.edu

|chr9 (AS.2)
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BEDTools intersect

AL | BER s
3y * 0N o =W
45.2 — - —
S '§ A intersect B l } [:—] j | D
&=

= Ai P e
B | =
Ai tB
nt(e’r\"s)ec D

https://bedtools.readthedocs.io/en/latest/content/tools/intersect.html
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ATAC-seq
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Open chromatin
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Buenrostro et al. (2015) doi:10.1002/0471142727.mb2129s109
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4374986/

Hands-on

 Setup environment 1

. Integrative data analysis 7

https://public_docs.crg.es/rguigo/Data/cklein/courses/UVIC/handsOn/

Cecilia Coimbra Klein

50


https://public_docs.crg.es/rguigo/Data/cklein/courses/UVIC/handsOn/

Cecilia Coimbra Klein

Additional slides

51



ChlIP-seq: Chromatin ImmunoPrecipitation
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Centar for Hazlth Informaztics & Bioinformatics, NYU Schoolof Madicine
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BEDTools intersect
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