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Genomics and transcriptomics:
from raw data to users

Chiara Colantuono
chiara.colantuono@szn.it



Extracting....

- DNA

- mRNA

- Total RNA
- Single cell

Species
Organisms
Conditions
Tissues
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Sequencing results
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Sequencing results
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Data analyses

Bioinformatician










Reads Assembly

Genome/Transcriptome

Sequenced reads




Reads Assembly
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frechnnlngy Read length Yield [Reads per Run)

Roche 454 700 ~700 thousand
llumina HiSeq 300 ~300 billion
SOLID 100 ~200 billion
lon Torrent 200 ~60 billion

PacBio RS I 14,000 ~47 thousand




Reads Assembly
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Reads Assembly
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Reads Assembly

Quality check
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Adaptors/low quality
bases trimming

Genome/Transcriptome

Sequenced reads

Sequenced read
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5’ adaptor
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Reads Assembly

Genome/Transcriptome

Sequenced reads
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Reads Assembly

Genome/Transcriptome

Sequenced reads
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Genome Annotation

Genome Sequence

Structural Annotation

Genes structure prediction:
CDS;

UTRs;

exons/introns;

non-coding RNAs;

repeats;



Genome Annotation

Genome Sequence

Structural Annotation

Genes structure prediction:

CDS;

UTRs;
exons/introns;
non-coding RNAs;
repeats;

ADb initio

Tools scanning the sequence:
AUGUSTUS, Genefinder, Glimmer

By similarity

Mapping cDNA/ESTs/repeats:
GenomeThreader, Infernal, gmap



Genome Annotation:

the RefSeq pipeline
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Genome Annotation:
the GENECODE pipeline

Specialized prediction
(Congo, PseudoPipe,
RetroFinder, APRIS, etc)

Experimental validation
(RT-PCR, RNA-Seq, RACE)

Tracking sistem
(AnnoTrack)

Quality control

* Assign validation level
* Track solutions
* Highlight conflicts

Automated annotation Manual annotation

(Ensembl) (HAVANA)

Merge data

* Annoate new regions
* Update annotations

GENCODE

data set




Available resources:
the example of C. robusta

B ANISEED REFSEQ ENSEMBL ANISEED REFSEQ ENSEMBL
" ANISEED 1272 1266 1128 SPECIFIC  SPECIFIC SPECIFIC
'- REFSEQ 1266 1272 1129 chrd chra ohrl
ENSEMBL 1128 1129 1272 chr9 chr9 chr2
Number of genome scaffolds chril chril chr3
chrl2 chrl2 chr4
RefSeq chr13 chr13 chrs
Aniseed Ensembl MIT chré

chr7

chr8

chr9
chrl0
chrll
chrl2
chrl3
chrl4

129
SCAFFOLDS

The differences among the scaffolds are mainly

Number of scaffolds ) X £ ” .
in common among inversions or a different number of undefined

all the assemblies nucleotides (Ns).




Annotation comparison

[ Identical exons start and end

Genome sequence

Gene 1 nt
Annotation X exon INron exon
Gene 1

INntron

Annotation Y




Annotation comparison

E Genes overlapping but with a 7

different gene structure

Genome sequence

Gene 1

Gene 1

Annotation Y




Annotation comparison

[ Genes overlapping but with a 7

different gene structure

Genome sequence

Gene 1
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Gene 1

Annotation Y




Annotation comparison

E Genes overlapping but with a 7

different gene structure

Genome sequence

Gene 1
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Gene 1

Annotation Y




Annotation comparison

Not overlapping genes,
gene annotation specific

Genome sequence

Annotation X

Gene 2

Annotation Y




Collecting marine data...

2 Acanthaster planci*
http://www.ncbi.nim.nih.gov/
http://marinegenomics.oist.jp/ *2

atiria miniata 2
ttp://www.echinobase.org/
ttp://www.ncbi.nlm.nih.gov/

2 Branchiostoma floridae
http://www.ncbi.nlm.nih.gov/
http://genome.jgi.doe.gov/

Phaeodactylum tricornutum 3
http://protists.ensembl.org/
http://genome.jgi.doe.gov/
http://www.ncbi.nlm.nih.gov/

Ciona robusta §
http://www.ensembl.org/ §
http://www.aniseed.cnrs.fr/aniseed/ g
http://www.ncbi.nlm.nih.gov

¢ = Octopus bimaculoides
http://www.metazome.net/ 3
https://groups.oist.jp/
http://www.ncbi.nim.nih.gov/

Ciona savignyi
http://www.ensembl.org/
http://www.aniseed.cnrs.fr/aniseed/ B
http://www.ncbi.nim.nih.gov &

Saccoglossus kowalevskii
http://www.ncbi.nlm.nih.gov 2
https://groups.oist.jp/

Gasterosteus aculeatus
http://www.ncbi.nlm.nih.gov
http://www.ensembl.org
http://sticklebrowser.stanford.edu/

Strongylocentrotus purpuratus 3
8 http://www.echinobase.org/
@ https://www.hgsc.bcm.edu/
“ http://www.ncbi.nlm.nih.gov/




The GENOMA platform

GENOMA: GENOMES FOR MARINE BIOLOGY

http://bioinfo.szn.it/genoma/



The GENOMA platform

GENOMA: GENOMES FOR MARINE BIOLOGY

Species - NCBI_latest_versions ENSEMBL_latest_versions JGI_latest_versions OTHERS_latest_versions
Acanthaster planci GCF_001249145.1 NA A MarineGenomics: oki-cotsv
Branchiostoma ~ n
. 2 NA, B MNA
floridae
Ciona robusta Assem 2.0 Aniseed: KH12
Ciona savignyi NA Aniseed: ENS81
Gasterosteus - e o e
GCA_000180675.1 BROAD 51 NA ul
aculeatus
Octopus o o o )
. K GCF_001194135.1 _V2.C PRIMNAZ270931 Obimaculoide MNA
bimaculoides
Patiria miniata GCA_OC INA MA Ec pbase: V2
Phaeodactylum e - -
X 5CF_000150955.2 ASM1 Phatr2 NA
tricornutum
Ptychodera flava NA NA NA 142 1e_0.7_1e

Saccoglossus

B MNA NA QIST: V3
kowalevskii
Strongylocentrotus P . - - : 7
GCF_000002235.4 Spur_4.2 Spur_3.1 NA Echinobase: v4.2
purpuratus
Zosteramarina GCA, rinav.2.1 NA, NA MNA




The GENOMA platform

back to the GENOMA home page

Ciona robusta genome portal

Genome information overview:

there are three different genome assemblies available:

« GCF_000224145.3 from NCBI;

« KH.92 from ENSEMBL;

+ KHGene.2012 from Aniseed.

All the assemblies consist of 14 chromosomes plus the mitochondrion and 1257 unplaced scaffolds, having in total 1272

sequences. We compared the sequences of the assemblies, checking how many sequences are completely identical. The number
of genomic elements in common (identical sequence) among the assemblies is reported in the following table:

NCBI ENSEMBL ANISEED

NCBI 1272 1129 1266
ENSEMBL 1129 1272 1128
ANISEED 1166 1128 1272



The GENOMA platform

Gene content overview:

Search: Show |50 ¥ |entries
Type Gene ID Chromosome * Start * End * Strand Annotation
RefSeq XM_018815685.1 ChrO1 2407 20500 = regulator of G-protein signaling 22-like

ORF:[<1..4215] Homolog:[cDNA FLJ40080 fis clone
AMISEED KH.C1.286v1.R.MND1-1 ChrOo1 2417 20402 - TESTI2001725 highly similar to Homo sapiens regulator
of G-protein signalling 22 (RGS22) mRNA]

ORF:[12..4226] Homolog:[cDNA FLJ40080 fis clone
AMISEED KH.C1.286v1.A5L2-1 ChrO1 2417 20413 = TESTI2001795 highly similar to Homao sapiens regulator
of G-protein signalling 22 (RG522) mRNA]

ENSEMBL ENSCINGO0000016550 ChrO1 4219 20394 - n/a
ANISEED KH.C1.560x1.C.ND1-1 ChrO1 14261 14503 + ORF:[*90..245]
RefSeq XM_002123150.2 Chr01 23507 52048 + ileal sodium/bile acid cotransporter-like

_ ORF:[1..588] Homolog:[Solute carrier family 10 member
ANISEED KH.C1.907v1.ASL3-1 ChrO1 23513 34214 +

6]
ENSEMBL EMSCINGO0000016539 ChrO1 23518 34155 + n/a
_ ORF:[«1..571] Homolog:[Solute carrier family 10 member
ANISEED KH.C1.207v1.R.ND1-1 ChrO1 23530 34214 + 6]
ORF:[<1..965] Homolog:[similar to solute carrier family
ANISEED KH.C1.207v2.B.ND2-1 ChrO1 24117 34214 + .
10 member 2]
brefeldin A-inhibited guanine nucleotide-exchange
RefSeq XM_018815677.1 ChrO1 33654 60443 = i ) i
protein 2 transcript variant X3
brefeldin A-inhibited guanine nucleotide-exchange
RefSeq XM_018815674.1 ChrO1 36633 60443 -

protein 2 transcript variant X2

brefeldin A-inhibited guanine nucleotide-exchange
RefSeq XM_0D09863611.2 ChrO1 36633 60443 -



The GENOMA platform

Download information:

Source Genome Assembly Gene Annotation Gene Annotation Gene Sequences mRNA Sequences Protein Sequences INTERPRO results
{FASTA-big file) {GFF3) (CSV) (FASTA) (FASTA) (FASTA) (CsV)
NCBI GCF_0002241453 GCF_0002241453 download download download download download
ENSEMBL KH.92 KH.92 download download download download download
ANISEED KHGene 2012 KHGene 2012 download download download download download

Genome Assembly: FASTA file of all the chromosome/scaffolds/contigs;

Gene Annotation: GFF file containing information about all the annotated genes, mRNAs, UTRs, CDSs;

Gene Annotation: CSV file containing information ONLY about the annotated genes (Gene ID, chromosome, start, end, strand, functional annotation);
Gene Sequences: FASTA file of all the gene sequences;

mMRNA Sequences: FASTA file of all the mRNA sequences;

Protein Sequences: FASTA file of all the protein sequences;

INTERPRO results: CSV file containing the INTERPROSCAN results (Gene ID, Interpro, PFAM, Panther, Pathways).



The GENOMA platform

back to the GENOMA home page

Available Tracks

K filter tracks
#| Ciona robusta - ANISEED KH2012 annotation
#| Ciona robusta - ENSEMBL KH.92 annotation

#| Ciona robusta - REFSEQ GCF_000224145.3 annotation
#| Ciona robusta ESTs

¥ Reference sequence

#| REFSEQ GCF_000224145.3 assembly

Ciona robusta genome portal

Browse the genome through the JBrowse interface

Genome  Track View Help C. robusta - REFSEQ GCF_000224145.3 assembly G Share

> QrETETm s 0,000 4,000,000 5,000,000 6,000,000 7,000,000 8,000,000 9,000,000 10,000
Q@ ('D\ NC_020166.2| v || NC_020166.2:1.10041005 (10.04 Mb) | Go | &
C. robusta - ENSEMBL KH.92 bly
| B — 3,750,000 5,000,000 £.250000 7.500.000 8.750.000 10,000
| C.robusta- REFSEQ GCF_ 0002241453 assembly | ‘ ) : ) ,

to see sequence |Zoom in to see sequence |Zoom in to see sequence |Zoom in to see sequence |Zoom in to see sequence|Zoom in to see sequence

Ciona robusta - REFSEQ GCF_000224145.3 annotation (feature 1o 1

0l

Ciona robusta - ENSEMBL KH.92 annotation (feature density

Ciona robusta - ANISEED KH2012 annotation (feature density

Ciona robusta ESTs

il




The GENOMA platform

Genome  Track View Help C. robusta - REFSEQ GCH
0 500,000 1,000,000 1,500,000 2,000,000 2,500,000 3,000,000 3,500,000 4,000,000 4,500,000 5,000,000 5,500,000 6,000,000 6,50
Q Qe ('B\ NC_020167.2| v || NC_020167 23954671 3969010 (14 34 KI Go m &
3,955,000 3,957 500 3,960,000 3,962 500 3,965,000
REFSEQ GCF_000224145.3 assembly Zoom in to see sequence Zoom in to see sequence Zoom in to see sequence Zoom in to see sequ

Ciona robusta - REFSEQ GCF_000224145.3 annotation s — a4 e e S B S e o S

e e . TN e L Ty

Ciona robusta - ENSEMBL KH.92 annotation i — — Ll —
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The GENOMA platform

Genome Track View Help €. robusta - REFSEQ GCF 004
0 1,000,000 2,000,000 3,000,000 4,000,000 5,000,000 6,0001p00 7,000,000 8.000,000
Q Q a e\ NC_020166.2| » | NC_020166.2:6025915..6032514 (6.6 Kb) | Go S
6,025,250 6,027,500 6,028,750 6.030,000 6,031,250
REFSEQ GCF_000224145.3 assembly nce Zoom in to see sequence Zoom in to see sequence Zoom in to see sequence
o e . g — P

=+ Ciona robusta - REFSEQ GCF_000224145.3 annotation

—— 1§ —_— e —
+ Ciona robusta - ENSEMBL KH.92 annotation e e — —

Ciona robusta - ANISEED KH2012 annotation

= Ciona robusta E5Ts
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The GENOMA platform

Genome  Track View  Help

Ciona robusta - REFSEQ GCF_000224145.3 annotation

Ciona robusta - ENSEMEL KH.92 annotation
-4 Ciona robusta - ANISEED KH2012 annotation

.- Ciona robusta E5Ts —

0 1,000,000 2,000,000 3,000,000 4,000,000 5,000,000 6,00[],000 7,000,000
Q Qe Q NC_020166.2| + || NC_020166.2:5983881..5998220 (14.34 K| Go [ &
5,985 000 5087 500 5,990,000 5,992 500
€3 REFSEQ GCF_000224145.3 assembly equence Zoom in to see sequence Zoom in to see sequence Zoom in to see sequence
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The GENOMA platform

Genome  Track View  Help

0 1,000,000 2,000,000 3,000,000 4 000,000 5,000,0q( 6,000,000
Q QR Q NC_020166.2| = || NC_020166.2:5130621.5
5,135,000 5,140,000 5,145,000
REFSEQ GCF_000224145.3 assembly Zoom in to see sequence ZLoom in to see sequence Zoom in to see sequenc
+3 Ciona robusta - REFSEQ GCF_000224145.3 annotation 3
| S S il LI O O O N N e e e I
Ciona robusta - EMSEMEL KH. 92 annotation - “sin=giin =~ ~s i ‘i gl = - gin g~ _:'Awm-
Ciona robusta - ANISEED KH2012 annotation N A\ iy
I Pt S N e
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&, Ciona robusta ESTs
= T




The GENOMA platform

back to the GENOMA home page

Ciona robusta genome portal

Browse the genome through the JBrowse interface

Search for specific elements through the Query page







RNA-seq experiment

Experimental design
(conditions, stages...)

Sequencing
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Raw reads
(single, paired or mate .

end)
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Data pre-processing

Quality check

|

Adaptors/low quality
bases trimming



Differentially Expressed Genes

Data analyses
RNA-Seq reads

Reads mapping =
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Differentially Expressed Genes

Data analyses

Reads mapping

l

Count and quantification

DESeq
edgeR
Cuffdiff

Geneid

AT1G01010.
AT1G01020.
AT1G01020.
AT1G01030.
AT1G01040.
AT1G01040.
AT1G01046.
AT1G01050.
AT1G01060.
AT1G01060.
AT1G01060.
AT1G01060.
AT1G01060.
AT1G01070.
AT1G01070.
AT1G01073.
AT1G01080.
AT1G01080.
AT1G01090.
AT1G01100.
AT1G01100.
AT1G01100.
AT1G01100.
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il
201
224
218
75
1017
1001
39
763
1442
1442
1357
1442
1376
192
192

323

324

1735
1398
1398
1398
1398

Cc2
182
218
216
94
1107
1088
50
810
1503
1505
1427
1503
1441
160
160

324

324

1790
1562
1563
1563
1563

Cc4
147
229
226
47
902
890
28
732
17
17
15
17
16
117
117

357

357

1752
1602
1603
1603
1603

C5
133
206
204
49
866
855
34
685
16
16
15
16
15
104
104

310

310

1542
1464
1463
1463
1463

C7
229
187
186
69
888
873
34
695
6716
6718
6321
6716
6401
73
73

231

231

1698
1381
1381
1381
1381

C8
217
167
166
64
1083
1072
27
305
9911
9913
9431
9911
9519
93
93

237

237

1823
1559
1558
1558
1558



Differentially Expressed Genes

Data analyses

Reads mapping

l

Count and quantification

l

DEGs calling

1e+05

1e+03

pearson correlation: 0.522

* up-regulated genes (490)

« down-regulated genes (1687)

¢ notdifferential expressed (20251)

- o ‘-'?J.




Differentially Expressed Genes

chloroplast thylakoid membrane

Data analyseS photosynthesis, light reaction
quinone binding [ G
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oxidation-reduction process
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What we offer...

Genomics

Genome Composition (GC/CpG etc content)

Gene annotation structure quality check (via GFF)
Gene-mRNA-protein sequences extraction from GFF
GFF/GTF/BED files parsing and manipulation

SAM file parsing and manipulation

Genome sequence extraction

Reads quality check and cleaning

Reads mapping

Transcriptomics

Reads quality check and cleaning

Reads/ESTs mapping

Reads count and RPKM calculation

DEGs calling

SAM file parsing and manipulation

..availablesoon
Assembly & clustering

Genome masking

Preliminar genome gene structure annotation
Preliminar genome repeats annotation
Variant calling

https://bioinfo.szn.it
https://ticketing.bioinfo.szn.it
bioinforma@szn.it
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