DATA PROCESSING IN GENOMICS:
FROM THE SEQUENCERS TO THE RESULTS

GIGA Doctoral School for Health Sciences
Introduction to scientific computing




GIGA - GENOMICS

e Platform

* Sequencing services

* Biological materials

« DNA/RNA

e Libraries

* Sequencers

* Data
e High Throughput Sequencing (HTS)
/ Next Generation Sequencing (NGS)

* Bioinformatic team
* Data analysis
e And more ...

# LIEGE universit¢ =~ EXPERIENCED
GIGA STAFF

Genomics $OXK

+

We help you in setting up the
experimental design

P

We produce sequencing
libraries for many applications

%

We sequence on short or
long read sequencing
platforms

©

We generate QC reports
on the results

%

We provide support/advice in
the analysis of your results

Eul‘i

We analyze your data in depth
in close collaboration with you

www.gigagenomics.uliege.be
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EQUIPMENT

ABI 3700 Sanger sequencer

48f

ments sequenced up to 1800 bp

2+lllumina MiSeq

25+10° frag juenced

up tc

2+lllumina NextSeg500

400+10° fragr

quenced

up to 300 bp

lllumina NovaSeq6000

20+10° fragments seg 2d

up to 300 bp

Oxford Nanopore long read
sequencer

10 to 20 Gbp of long reads >10kb

2+lllumina iScan + autoloader

Cost ent array

up to 2000 s:

Chromium 10x Genomics

High throughput Single
cell transcriptomics
Computer cluster

552 cores and 4.8T ram

Secured storage
1500T d
1500T tap

APPLICATIONS

Data generation
De novo genome sequencing
Whole genome re-sequencing
Bulk transcriptome analysis
Single cell transcriptome analysis
Long read DNA/RNA sequencing
Cohort genotyping
Metagenomics
Amplicon sequencing
TCR repertoire sequencing
Ribosome profiling
Data analysis
De novo assembly

Genome wide association
analysis (GWAS)

Differential expression analysis
Single cell expression analysis
RNA velocity

Whole genome variant calling

GIGA
PLATFORMS

Cell Imaging

Flow Cytometry

CRCin vivo Imaging
CRC Preclinical Imaging
Immunohistology
Proteomics

Viral Vectors

Mouse Facility

Zebrafish Facility
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CONTACTS

GIGA-Genomics
Wouter Coppieters
Platform manager

wouter.coppieters@uliege.be

+32 4 366 41 59

For academics Carine Bebrone
GIGA-Technology Platforms manager
carine.bebrone@uliege.be
+32 4 366 98 32
For business Caroline Thielen
Bridge2Health
caroline.thielen@b2h.be
+324 24277 60
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APPLICATIONS

[ RNA-Seq | [ ChIP-Seq | [ ATAC-Seq |
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SEQUENCERS

NextSeq 500

MiSeq HiSeq NextSeq NovaSeq
540 Mb -15 Gb 105Gb-1,5Tb 16,25 Gb - 120 Gb 65Gb—-3Th

4 — 56 hours 1-3,5 days \ 11 -29 hours 13 — 44 hours ]
Adapted from lllumina




SEQUENCING (HTS/NGS)
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Adapters

Prepare genomic DNA sample

Randomly fragment genomic DNA
and ligate adapters to both ends of
the fragments.

« +", Nucleotides

| Bridge amplification
P Add unlabeled nucleotides
U and enzyme to initiate solid-
1! phase bridge amplification.

i L'> Dense lawn

Adapter

DNA fragment

of primers

Adapter

| | ] ] H
:|I,|‘||l| |||
|
|l 1! Attach DNA to surface

I 1y i Bind single-stranded fragments
(/e randomly to the inside surface
1! of the flow cell channels.

Attached

I
|'I i | ‘l|| 0 ‘ I
Tk 'I" I|I 2
iyl Denature the double
\ : 1 |‘ | stranded molecules

1!

§
i i First chemistry cycle:
o determine first base .
o o ge
i l ; \ e. [Toinitiate the first
e, sequencing cycle, add
"o all four labeled reversible G

/ terminators, primers, and ‘
! i DNA polymerase enzyme .
/] ‘ il l to the flow cell.
|!!H!|H| 'III ]l“'
k¥ i Ly Image of first chemistry cycle
MU | ) " | | After laser excitation, capture the image

| H M i |‘|‘ i of emitted fluorescence from each
cluster on the flow cell. Record the
| | identity of the first base for each cluster.

Laser

@ A A G f:

-»‘ -». ->G ->.
® o ® G ® 0 ® o G

G

Before initiating the
next chemistry cycle
The blocked 3' terminus
and the fluorophore
from each incorporated
base are removed.

—> GCTGA...

Sequence read over multiple chemistry cycles

Repeat cycles of sequencing to determine the sequence
of bases in a given fragment a single base at a time.

Adapted from lllumina




COMPUTING

* DATA MANAGEMENT
* DATA PROCESSING
* STORAGE
* RESULTS

* REPRODUCTIBILITY
* PIPELINES
* CONTAINERS




DATA MANAGEMENT

PROCESSING & RESULTS




DATA MANAGEMENT

.
LAPTOP LAB COMPUTER CLUSTER/STORAGE
250Gb - 1Tb 1-5Tb 1.5 Pb
4-8 Go RAM 32-128 Go RAM 256 Go RAM

4-8 CPUs 8-16 CPUs 32 CPUs




DATA MANAGEMENT

Example:
e 1.2 Tb of data
e 12.8 Billions of reads

* 612 samples
* Multiple experiments
* Unigue combinations of indexes

* « Run »
* No storage on device



DATA FORMAT

PY D E IVI U LTI P L EX I N G @A00801:49:H2VGKDSXY:2:1101:1624:1016 1:N:0:NGCTTAAG+TCGTGACC

+
° Rea d S 9 Sa m p | es FFFFFFFFFFFFFFFFFFFFFFFFFFF:FFFFFFFFFFF:FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF,FFFFFFFFFFFFFFFHFFFFFFFFFFFFFFFF
FFFFFFFF
~ @A00801:49:H2VGKDSXY:2:1101:2022:1016 1:N:0:NGCTTAAG+TCGTGACC
L 2 O M / Ssam p I e TGACAAAAAGATACCTCATTTATGGGGAAATTGAGGAAGATACATATACAAGCACCCCAACCCATATTTAACATATTTGGCAATAACTCCCTTCCCATTCTTCCCCCTCCAATTT
TCAAATAGTAGNTTTTTAAAAAATTAAAGACATGTC
+
e ( Fastq » FEEFERFEFFFFFFFFRFFEFFFFFRFFFFEFFFREF.FEFFFRFREFEFFFREREFEFFFFEFEFFFFFFFRFFEFEFFFRFFEFFFFFREREFF.FFEREFEFFFF, FEFFFFEFFFEF HFFFFFEF, FFFFEFFEF
e Id ifi @A00801:49:H2VGKDSXY:2:1101:4137:1016 1:N:0:NGCTTAAG+TCGTGACC
entitier TTTTTTTGCCTTTTCAAGTGTTTATTTTTATACATTTTTTTGTATTAAAAAGAAAAGCATAATTACCACAAATTACAAAGGACTAAAGCAGGACTAGAATAATGAATGAATCAC
TTCAGCCTGGAANGCAGATACTCTCAATAATATTAAT
+
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF:FFFFFFFFFFFFFFFF:FFFFFFF:FFFFF:FFFFFFFFFFFFFFFFFFFFFFFF:FFF,FFFFFFFFFFFF:FFF#FFFFF:FFFFFFFFFFFF
. FFFFFF
Se pa rato r Symbol ASCIl Code Q-Score Symbol ASCIl Code Q-Score . ope .
. | 3 0 B < o Phred Quality Probability of incorrect Base call
[ J
Qua | |ty score " 34 1 7 55 2 Score base call accuracy
.e # 35 2 8 56 23 .
e Ascii +33 ¢ 6 3 5 - i 10 1in 10 90,0000%
% 37 4 : 58 25 20 1in 100 99,0000%
& 38 5 ; 59 26
’ H o)
. 39 . . 0 57 30 1in 1000 99,9000%
o => ( 40 7 = 61 28 40 1in 10,000 99,9900%
° ° ) 41 8 62 29
> .
- 5 50 1in 100,000 99,9990%
42 9 ? 63 30
* 43 10 @ 64 31 60 1in 1,000,000 99,9999%
B 44 11] A 65 32
- 45 12 B 66 33
. 46 13 C 67 34
/ 47 14 D 68 35
0 48 15 E 69 36
1 49 16 F 70 37
2 50 17 G 71 38
3 51 18 H 72 39
4 52 19 | 73 40
5 53 20




OVERVIEW

Run Fastq

Demultlplexmg

i —
N
\n DATA TYPE

EXPERIMENTAL

“ Fastq.gz “ DESIGN



QC SEQUENCING

Quality scores across all bases (Sanger / llumina 1.9 encoding]

40 RN
38 T -
36
34
— 32 . -
Quality score distributi Il seq
| a0 .
28 60000.0 Average Quality per read
55000.0
24
[ ) -4
2 ~50000.0
20 100.0 Sequence content across al Il bases
. . 18 %G
* Base calling qualit 2
16 90.0
14
GC distribution over all sequences
12
e Sequece qualit . St
Theoretical Distribution
5 70.0
8 50000.0
* GC content 1
2
0T 4=
12 3 4 5500 40000.0

* Sequence length

* Duplication levels %m

e Adapter content
* Overrepresented sequences R

0.0
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Mean GC content (%)




QC SEQUENCING

Multi®C

10000000




/ N\

ACTGGI..JTCAGAT

Reference TGGACTGGI..]JTCAGATCCA e.,Ensembl
* Genome sequence
* Gene set ACCTGACC[..]JAGTCTAGGT E?U [:SEQZZ\

Alignment / mapping



REFERENCE

Genome (FASTA)

>1 dna:chromosome chromosome:GRCh38:1:1:248956422:1 REF
CCCTAACCCCTAACCCTAACCCTAACCCTAACCCTAACCTAACCCTAACCCTAACCCTAAC
CCTAACCCTAACCCTAACCCTAACCCTAACCCCTAACCCTAACCCTAAACCCTAAACCCTA
ACCCTAACCCTAACCCTAACCCTAACCCCAACCCCAACCCCAACCCCAACCCCAACCCCA
ACCCTAACCCCTAACCCTAACCCTAACCCTACCCTAACCCTAACCCTAACCCTAACCCTAA
CCCTAACCCCTAACCCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCTAACCCCT
AACCCTAACCCTAACCCTAACCCTCGCGGTACCCTCAGCCGGCCCGCCCGCCCGGGETCT
GACCTGAGGAGAACTGTGCTCCGCCTTCAGAGTACCACCGAAATCTGTGCAGAGGACA
ACGCAGCTCCGCCCTCGCGGTGCTCTCCGGGTCTGTGCTGAGGAGAACGCAACTCCGC
CGTTGCAAAGGCGCGCCGCGCCGGCGCAGGCGCAGAGAGGCGCGLCLCGLGLLCGGLGEL
AGGCGCAGAGAGGCGCGCCGCGCCGGCGCAGGCGCAGAGAGGCGCGCLCCGLGLCGaG
CGCAGGCGCAGAGAGGCGCGCCGCGCCGGCGCAGGCGCAGAGAGGCGLGLLGLGL
CGGCGCAGGCGCAGACACATGCTAGCGCGTCGGGGTGGAGGCGTGGCGCAGGCGCA
GAGAGGCGCGCCGCGCCGGCGCAGGCGCAGAGACACATGCTACCGCGTCCAGGGGT
GGAGGCGTGGCGCAGGCGCAGAGAGGCGCACCGCGCCGGCGCAGGCGCAGAGACA
CATGCTAGCGCGTCCAGGGGTGGAGGCGTGGCGCAGGCGCAGAGACGCAAGCCTACG
GGCGGGGGTTGGGGGGGCGTGTGTTGCAGGAGCAAAGTCGCACGGCGCCGGGCTG
GGGCGGGGGGAGGGTGGCGCCGTGCACGCGCAGAAACTCACGTCACGGTGGCGCGG
CGCAGAGACGGGTAGAACCTCAGTAATCCGAAAAGCCGGGATCGACCGCCCCTTGCTT
GCAGCCGGGCACTACAGGACCCGCTTGCTCACGGTGCTGTGC

Gene Set (GTF)

#!genome-build GRCh38.p12

#!genome-version GRCh38

#lgenome-date 2013-12

#!genome-build-accession NCBI:GCA_000001405.27

t#!genebuild-last-updated 2019-03

1 havana gene 11869 14409 . +

gene_id "ENSG00000223972"; gene_version "5"; gene_name "DDX11L1"; gene_source "havana"; gene_biotype "transcribed_unprocessed_pseudogene";
1 havana transcript 11869 14409 . + gene id "ENSG00000223972"; gene_version "5"; transcript_id
"ENST00000456328"; transcript_version "2"; gene_name "DDX11L1"; gene source "havana"; gene biotype " transcrlbed unprocessed pseudogene";
transcript_name DDX11L1 202"; transcript_source "havana"; transcript_biotype "IncRNA"; tag "basic"; transcript_support_level "1";

1 havana exon 11869 12227 . + gene_id "ENSG00000223972"; gene_version "5"; transcript_id
"ENST00000456328"; transcript_version "2"; exon_number "1"; gene name "DDX11L1"; gene_source havana ; gene_biotype

"transcribed unprocessed pseudogene transcrlpt name DDX11L1 202"; transcript_source "havana"; transcript_biotype "IncRNA"; exon_id
"ENSE00002234944"; exon_version "1"; tag "basic"; transcript_support_| IeveI "1";

1 havana exon 12613 12721 . + gene_id "ENSG00000223972"; gene_version "5"; transcript_id
"ENST00000456328"; transcript_version "2"; exon_number "2"; gene name "DDX11L1"; gene_source havana gene_biotype

"transcribed unprocessed pseudogene transcnpt name DDX11L1 202"; transcript_source "havana"; transcript_biotype "IncRNA"; exon_id
"ENSE00003582793"; exon_version "1"; tag "basic"; transcript_support_| Ievel "1";
1 havana exon 13221 14409 . + gene_id "ENSG00000223972"; gene_version "5"; transcript_id
"ENST00000456328"; transcript_version "2"; exon_number "3"; gene name "DDX11L1"; gene_source havana gene_biotype

"transcribed unprocessed pseudogene transcnpt name DDXllLl 202"; transcnpt source "havana"; transcript_biotype "IncRNA"; exon_id
"ENSE00002312635"; exon_version "1"; tag "basic"; transcript_support_| Ievel "1";

1 havana transcript12010 13670 . + gene id "ENSG00000223972"; gene_version "5"; transcript_id
"ENST00000450305"; transcript_version "2"; gene_name "DDX11L1"; gene source "havana"; gene_biotype ' transcrlbed unprocessed pseudogene";

transcnpt name DDX11L1 201"; transcript_source "havana"; transcript_biotype " transcnbed _unprocessed_pseudogene"; tag "basic"; transcript_support_level
"NA";

1 havana exon 12010 12057 . + gene_id "ENSG00000223972"; gene_version "5"; transcript_id
"ENST00000450305"; transcript_version "2"; exon_number "1"; gene name "DDX11L1"; gene_source havana ; gene_biotype

"transcribed unprocessed pseudogene"; transcrlpt name DDX11L1 201"; transcript_source "havana"; transcript_biotype
"transcribed_unprocessed_pseudogene"; exon_id "ENSE00001948541"; exon_version "1"; tag "basic" ;transcrlpt_support_level 'NA";




INDEXING

* Genome Indexing
* Quick queries
* « 20M reads »

* High RAM/CPUs

* H.Sapiens ~30 Gb




MAPPING

Set of reads
e SOftwa Fes ——— Reference genome

HISAT Mapping

[ ]
|
. I N __ | I
* Bowtie r— Ty N ===
« BWA 5
ATCA(ISCIZAACIZ(ISTACCGCCAGATACC/@/G/GQ&C&TA(IICIATACGA
. ]
Read Read
Read?2

* High RAM/CPUs




MAPPING

. Flag  Description
¢ SAM/BAM files 1 readis mapped
. 2 read is mapped as part of a pair
* FLAG - Information 4 readis unmapped
8 mate is unmapped
e RNAME - Ch romosome 16 read reverse strand
. 32 mate reverse strand
* POS — Location of 1st base 64 firstin pair
. 128 di i
¢ MAPQ - Quahty score 256 f\f)cto;rir:;rr:/a;rlignment
. 512  read fails platform/vendor quality checks
© CIGAR - Ope I‘atIOnS 1024 readis PCR or optical duplicate )
Paired-End
N
4 h

A00801:76:HGJCYDSXY:4:1544:20401:36699 99 1 3112677 255 150M - 3112770 244

CTAGGAGATAGTAGGGATTGGGAAGCAACTACTGAAAGGTCTGTGTCTTCTTTGTGGATGATAAAATATTCTGGAATTATATTGTATGCTAGGCGCACAATCTTGTGACCATAGTACAGATATTCAACAGATAAATTTTGTGTGCTATGA
F:FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF:FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF:FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF:FFFFFFFFFFF:FFFFF
NH:i:1 HI:i:1 AS:i:299 nM:i:0 RG:2:5V2-CTRL2_NGS20-0393_AHGJCYDSXY_S241_L004_R1_001




OVERVIEW

Run Fastq BAM

= '
| e Demultiplexing Mapping :
D m — L) —
2o \

DOWNSTREAM
ANALYSES



QC MAPPING

Multi®C

SRR902920_ABRF-ILMN-L-A-1
SRR902921_ABRF-ILMN-L-A-1
SRR902922_ABRF-ILMN-L-A-1
SRR902923_ABRF-ILMN-L-A-1
SRR902924_ABRF-ILMN-L-A-2
SRR902925_ABRF-ILMN-L-A-2
SRR902926_ABRF-ILMN-L-A-2
SRR902927_ABRF-ILMN-L-A-2
SRR902928_ABRF-ILMN-L-A-3
SRR902929_ABRF-ILMN-L-A-3

Il Uniquely mapped

Il Unmapped: too short

General Statistics

S Copy table | & Configure Columns JdiPlot | Showing &/5 rows and 8/ columns.
Sample Name % Assigned M Assigned % Aligned M Aligned % Trimmed % Dups % GC
L TTThT T T T "% 97.8 4.0% 78.9% 51%
STAR Alignment Scores
% 87.1 3.5% 77.2% 49%

P1-CTRL-CHAUFFAGE-4)
P1-CTRL-M17-T-AMB
P1-CTRL-PRE-ENCAPS
P1-INDOX-CHAUF-8H

P1-INDOX-POST-ENCAPS

P2-CTRL-CHAUFFAGE-4)
P2-CTRL-M17-T-AMB
P2-CTRL-PRE-ENCAPS
P2-INDOX-CHAUF-8H

P2-INDOX-POST-ENCAPS

P3-CTRL-CHAUFFAGE-4)

P3-CTRL-M17-T-AMB

oM 10M 20M 30M 40M 5 P3-CTRL-PRE-ENCAPS
# Reads P3-INDOX-CHAUF-8H
P3-INDOX-POST-ENCAPS

[ Mapped to multiple loci [ Mapped to"

Il Unmapped: other

@ Overlapping Genes

STAR: Gene Counts

M Segs
104.4

92.0

Export Plot

(=]

10M

N
=}
=

30M 40M 50M 60M 70M

# Reads

)
=]
=

@ No Feature @ Ambiguous Features

@ Multimapping

90M 100M 110M 120M  13..

@ Unmapped

Created with MultiQC




RNA - QUANTIFICATION

* Gene Expression mon ot Mononr

gene A gene A gene A
gene_A no_feature gene_A
gene A no_feature gene A
gene_A gene_A gene_A
gene_A gene_A gene_A
ambiguous gene_A gene_A

ambiguous ambiguous ambiguous




RNA - QUANTIFICATION

e Gene Expression Each column is a sample

. |GENE 1D KD.2 KD.2 |OE1 |OE2 |OE3 IR IR2 |IR3
[ ) (( CO u nt m at r‘IX )) (3 2 M b) |1/2-SBSRNA4 57/ a1 64| 55/ 38 a5 | 31 39
° A1BG 71 40 100 81 41 77 58 40
[A1BG-AS1 256 177|220 18 107 213 172 126
. ALCF 0 1 1 0 0 0 0 0
PY M a O r O ut ut @ AzLD1 146 81| 138 125 52 91 80 50
l p (- A2M 10 9 2 5 2 9 8 4
@ AZMLL 3 2 6 5 2 2 1 ]
O | vk 0 0 2| 1| 3 0 2 1
A4GALT 56 37| 107] 118 65| 49 52 37
® | [ascnr 0 0 o 0 1 0 0 0
CountS .@ [an0s 0 0 o o 0 o 0 0
AAAL 0 0 1 0 0 0 0 0
_ ; [aAAS 2288 1363 1753 1727 835 1672 1389 1121
e laaCs 1586 923|951 967 484 938 771 635
_ i AacsPl 1 1 3| 0 1 1 1 3
= AADAC 0 0 0 0 0 0 0 0
“ AADACLZ 0 0 o 0 0 0 o 0
% |AADACL3 o 0 0 0| 0 0 0 0
IS LL] AADACL4 0 0 1 1 0 0 0 0
AADAT 856 539 593 576 350 567 521 416
|AAGAB 4648 2550 2648 2356 1481 3265 2790 2118
AAKL 2310 1384 1869 1602| 980 1675 1614 1108
|AAMP 5198 3081 3179 3137 1721 4061 3304 2623
|AANAT 7| 7 12| 12| 4 6 2 7
AARS 5570 3323 4782 4ssoi 2473|3953 3339 2666
aames aars ] ~mna | ~ama Aman ~ann ~Ara srrm




DNA - PEAK CALLING

- .
Mapped P —p—
Reads - . - -
chiP CTYL T - - .
[ ;e - (] - . (] [
C T X ] T ] - - o Bl g (]
(] aEEmEEEm aEE E. - - EEE g -

Genome

Mapped

Reads
Input

Peaks

Gene A




DOWNSTREAM ANALYSIS

* Biological meaning

* Gene ontology / Gene Set
Enrichment Analysis
* GSEA
* Enrichr
GOrilla
PANTHER

Cene Set Enrichment Analysis

SEnrichr

-log10 (P-value)

interferon-gamma-mediated signaling pathway |
type | interferon signaling pathway |
epidermis development |GG
defense response to virus |GG
cellular response to hydrogen peroxide |
transforming growth factor beta receptor signaling pathway [|NENGNNENEGET
cell-cell adhesion |GG
bicellular tight junction assembly [[INEGNNENEGNGNGNNNGNG
hematopoietic progenitor cell differentiation [ NG
branching involved in salivary gland morphogenesis [N

0 1 2 3 4
B ey b ”:',' s AE@
GORILIA TTi=i82.
R .
] =2

==
Gene Ontology enRIchment anaLysis and visuaLizAtion tool

PANTHER

Classification System
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REPRODUCTIBILITY

PIPELINES & CONTAINERS




REPRODUCTIBILITY

* Pipelines

e Set of successive actions n &t f I OW

e Softwares
* Parameters

. References Snakemake

Fastq

Mappmg Quant. Downstream ‘@
E —> [al ];TE[

eeeee

+QC +Qc




REPRODUCTIBILITY

* Pipelines
* Scripts

* Input - Step 1 — Output ()

o —

* Input—Step 2 — Output (V)

* Input —Step 3 — Output ()

* Input —Step 4 — Output (V)

* Input — End- Output ()

nexciflow
Shakemake

nf-core ©




REPRODUCTIBILITY




REPRODUCTIBILITY

* Variability STAR 2.7.5b - 2020/08/01

| STAR 2.7.6a - 2020/09/19
* Softwares —

* References

List of currently available archives

¢ Ensembl GRCh37 & Full Feb 2014 archive with BLAST, VEP
and BioMart

° Compatlblllty e Ensembl 101: Aug 2020 - this site
& Ensembl 100: Apr 2020/
» Ensembl 99: Jan 20207
¢ FO r m at » Ensembl 98: Sep 2019&
o Ensembl 97: Jul 201967
o Ensembl 96: Apr 2019
* Ensembl 95: Jan 2019&
) Know|edge « Ensembl 94: Oct 2018
& Ensembl 93: Jul 2018
e Ensembl 92: Apr 2018&7
» Ensembl 91: Dec 20177




REPRODUCTIBILITY

e CONTAINERS
 Docker

* Singularity ,\I Xi:

e Softwares N/
* \ersions

—
-




REPRODUCTIBILITY




DATA DEPOSITORY

* Gene Expression Omnibus (NCBI)
e ArrayExpress (EMBL-EBI)

v
\~




THANK YOU FOR YOUR ATTENTION



