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Outline

RNA sequencing overview

Avalilable Bioinformatic tools in the Institute

wTranscriptomes
wRNASeq ofSolanum eleagnifolium
wRNASe(q ofSalvia pomifera
wMetatranscriptome analysis
wWastes from olive oil
wLaurencia microcladia



RNAseq

hightthroughput

sequencing technology

for sequencing RNAs

invaluable tool for study

the gene content of an
organism

allows researchers to
obtain information like:

mRNA
Short reads R

............
......

Short read is split by
intron when aligning d
to reference Genome RS J

wgene/transcript/exon expressions
walternative splicing

wgene fusions
wpost-transcriptional mutations
wsingle nucleotide variations

wldentify organism in ecosystems
wX

RNA sequencing overview



Why RNAsed?
RNA-seq

~1000u/sample

4

Exon array
(alternative splicing)

- gene expressions
- alternative splicing events
- SNPs

= CDNA array

SNPs array

- fusion genes
Exon array

(fusion genes)

RNA-seq vs array technologies

~7000/sample

~600u0/sample

~400u/sample

~7000/sample

RNA sequencing overview



RNAseq

A It reducesgreatlythe variabilitybetweenexperiments
comparedto other establishedneasurementechnologiedike
microarraysexonarrays etc.

A Dueto the smallsizeof the read (cDNAis fragmentedbefore
sequencing the bioinformaticsanalysigs challenginge.g
A denovoassembly

A aligningof sequencedeads

A computationof gene/transcript/exonexpressions

RNA sequencing overview



’ Total RNA ‘

Eucaryote Prokaryote
_ '» : ; i
Enrich mRNA by Oligo(dT) [ [ Remove rRNA
- - | 1
|

.

RNA fragment ‘

v

(" Random hexamer primed |
cDNA synthesis

Size selection and PCR
amplification

l

llumina sequencing

10/4/2013
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Unigene SSR

-

Raw reads

v

Clean reads

i

Unigenes

v

Gene Annotation )

Unigene Expression
Annotation

" Protein Coding Region |
Prediction (CDS)

Unigene Expression
Difference Analysis

GO enrichment

Heterozygous SNP

Unigene Function
Annotation

Unigene GO Classification
and Pathway Analysis

Pathway enrichment




Generalstepsof RNAseganalysis

w compute the gene/transcript/exon expressions
w find new/known alternative splicing events

w find new/known fusion genes

w find new/known SNPs

RNA sequencing overview



4

Py y
L . ' 4

end 36 end
| - |

50

/ I‘ ) adaptor

adaptor | f
This is sequenced (short reads)

Adaptor and reads in RNA-seq

RNA sequencing overview




Data file format

FASTQ format

@®SRR047027.1 GFTKDIIO1EMEVN length=68
+5KRR047027. 1 GFTEDIIO1EMEVN length=68
@5SRR047027. 3 GFTEDIIO1ETSLN length=54
+SRR047027. 3 GFTEDITO1ETSLN length=54
@®SRR047027. 5 GFTKDIIO1ANQXS length=44

+5RR047027. 5 GFTKDIIO1ANQXS length=44

@SRR047027. 7 GFTKDIIOID7ZIL length=215

CACGGAATTAGCCGGTGCTTATTCTTCAGGTACCGTCATCAGCTGTCGATA
FFFGGFFFFEEDDGFFFFFFHFFFFFF@?7FFCCDFFFFFFFFFFFFDDDE|
CACGTAGTTAGCCGTGGCTTTCTGGTTAGATACCGTCAAGGCACACAGGGA
IIIIIIITIIIIIIITIITHHHITIIIIIIIIIIIIITHHHITIIIIIFA999;
CACGTATTTAGCCGTCACTTCTTCTGTTGGTACCGTCATTTTTT

ITIIITHHHIIIIIIIIIIIIIIIIIIIFFFFBA>??=-,,,,,

1. Tag of eliminate adaptors

2. Quality check

A Base quality
A Presence of repeats
A PolyA tag or trim

S

FASTA format

AGCCGCGCCGAATTCGTGGGCACGCTGGTCGARGGCATCGTCAG

10/4/2013
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-

Fastqfile structure

How to filter the reads?

Using scripts (Shell, Perl, Pythem)
@HWI—EASZ36_3_FC_203INAAXX:2:1:215:593
GAGAAGTTCAACAGCTGGTATTATTITITTIGITAACAT

+HWI-EAS236 3 FC 20BTNAAXX:2:1:215:593
hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhUhhE

@HWI-EAS236 3 FC 20BTNARXX:2:1:234:551

TGGGACTTTATCTGGAGGAGTGTTTGGAAAGCCATT
+HWI-EAS236 3 FC_ 20BTNAAXX:2:1:234: 551‘\ Nucleotide sequence

-----------------------------------

hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh
@HWI-EAS236 3 FC 20BTNAARXX:2: 1:338:194/
IGGTTTATGCAGARATTICTAGAATALGGGTAACTT

+HWI-EAS5236 3 FC 20BTNAAXX:2:1:338:194

hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh
@HWI-EAS236 3 FC 20BTNAAXX:2:1:363: 71—,\ : ,
TCTCAGAAACTTGTTTGTGATGTGTGTATTCAACTA Quality score in ASCI|

+HWI-EAS5236 3 FC 20BTNAAXX:2:1:363:717

-----------------------------------

@HWI-EAS236 3 FC 20BTNAAXX:2:1:208:209
TTGATTTAACTCTGACARRATALACARAGTCTTAGG

+HWI-EAS236 3 FC 20BTNAAXX:2:1:208:20

10/4/2013



Exon A Exon B Exon C Exon D

— —l T —chromosome
— - J;.\.\? ) "2
| | ?
_____ 2 )

ExonA | ExonB ExdnC ExonD
transcript e —

ReadsOmappings at chromosome and transcript level

RNA sequencing overview
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= 6+¥10e10/100
- _ 1*10e9/250 = =
2 2%058(/)1880‘ 4.000.000 6.000.000.000
eads  ULPU ~ reads ain NGS platfe_ reeds
reads
Table 1 Techn ecifications of Next Genera Sequencing platforms utilised in this study
Platform N\ llumina MiSeq  lon Torrd /PGM PacBio RS llumina GAllx  1ll| /na HiSeq 2000
Instrument Cost* NS128 K sgo ke \/ $605 K $256 K $650 K
Sequence vield per run 15-2Gb 20-50 Mb on 314 chip, 100 Mb 30Gh 600Gh
100-200 Mb on 316 chip,
1Gb on 318 chip
Sequencing cost per Gb* 5502 $1000 (318 chip) 52000 5148 541
Run Time 27 hours™* 2 hours 2 hours 10 days 11 days
Reported Accuracy Mostly = Q30 Mostly Q20 <10 Mostly = Q30 Mostly = Q30
Observed Raw Error Rate 0.0 % 1.71 % 12.86 % 0.76 % 0.26 %
Read length up to 150 bases  ~200 bases Average 1500 bases***  up to 150 bases  up to 150 bases
(C1 chemistry)
Yagired reads Yes Yes No Yes Yes
Insert size up to 700 bases  up to 250 bases up to 10 kb up to 700 bases  up to 700 bases
Typical DNA requirements  50-1000 ng 100-1000 ng ~1 pg 50-1000 ng 50-1000 ng

Quail et al. BMC Genomics 2012, 13:341
http//www.biomedcentral.com/1471-2164/13/341



AvallableBioinformaticstools in thelnstitute for RNASeq

A

v v >y >y D>

A

A

D v v Dy Dy D D

A Assemblers

Phred phrap/consed
MIRA

VELVET

Abyss

Soapdenovo
Soapdenovdrans
Trinity

A Tools

Emboss
GALAXY
MEGAN
BLAST
HMMER
TopHat
Cufflinks
MG-RAST

A Computer power

A Testing Server
A 8 cores RAM 14 Gb
A HD3.5 Tb
A Working cluster (In progress)
A 36 Cores
A RAM 384 Gb
A HD 12 Tb High Speed SSD

A OS

A Ubuntu Server 12.04
A Databases

A nt

A nr

A PFAM

A 16S

A Custom databases

10/4/2013
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Assemblers

A Velvet Sequence assembler for very short reads

A Assembly By Short Sequences de novo, parallel, paireend sequence
assembler

>N

MIRA3 - Whole Genome Shotgun and EST Sequence Assembler for Sang
454 andSolexd Illumina

A SOAPdenovaand SOAPdenovdransis a novel shodread assembly
method that can build a de novo draft assembly for the huraened
genomes. The program is specially designed to asselthbi@nashort
reads.

A Trinity represents a novel method for the efficient and robust de novo
reconstruction otranscriptomesrom RNAseqdata

10/4/2013 15



Tools
A

A

EMBOSSAhigh-quality package of free, Open Source software for
molecular biology160.40.70.143/embosexplorer

Galaxyis an open, welbased platform for data intensive biomedical
research

MEGAN 4 MEtaGenom@e\nalyzer: Softwarér analyzing
metagenomes

MG-RAST¢ Metagenomicweb tool

10/4/2013 16



Conclusions

A RNAseqdataanalysis
A iscomputationalintensive(when comparedto, for example microarrayanalysi$

A needsverygoodfiltering criteria, which are basedon biologymathematics in order to
improvethe quality of the results(i.e.low numberof falsepositiveg

A there isnot only one establishedvay of doingit

A manytools usedfor analysise.g aligners samtools etc.,are still work in progress
A Visualization

A multiple facets i.e.read coveragefusiongenes etc.

A dependson theuserprofile:
1. biologist/medicaldoctor

2. bioinformatician

17
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