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Outline

RNA sequencing overview

Available Bioinformatic tools in the Institute

e Transcriptomes
e RNA-Seq of Solanum eleagnifolium
e RNA-Seq of Salvia pomifera
e Metatranscriptome analysis
e Wastes from olive oil
e Laurencia microcladia



RNA-seq

high-throughput
sequencing technology
for sequencing RNAs
invaluable tool for study
the gene content of an
organism

allows researchers to
obtain information like:

e e ¥ ey

Short read is split by
intron when aligning y
to reference Genome S J

e gene/transcript/exon expressions
e alternative splicing

e gene fusions

e post-transcriptional mutations

e single nucleotide variations

e |dentify organism in ecosystems

RNA sequencing overview



Why RNA-seq?
RNA-seq
\

~1000€/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

~700€/sample

~600€/sample

~400€/sample

~700€/sample

RNA sequencing overview



RNA-seq

" |t reduces greatly the variability between experiments
compared to other established measurement technologies like

microarrays, exon arrays, etc.

= Due to the small size of the read (cDNA is fragmented before
sequencing) the bioinformatics analysis is challenging, e.g.

" de novo assembly
= aligning of sequenced reads

= computation of gene/transcript/exon expressions

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




General steps of RNA-seq analysis

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

e find new/known fusion genes

e find new/known SNPs

RNA sequencing overview



/ 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
CACGGAATTAGCCGGTGCTTATTCTTCAGGTACCGTCATCAGCTGTCGATA
+5KRR047027. 1 GFTEDIIO1EMEVN length=68
FFFGGFFFFEEDDGFFFFFFHFFFFFF@?7FFCCDFFFFFFFFFFFFDDDE|
@5SRR047027. 3 GFTEDIIO1ETSLN length=54
CACGTAGTTAGCCGTGGCTTTCTGGTTAGATACCGTCAAGGCACACAGGGA
+SRR047027. 3 GFTEDITO1ETSLN length=54
IIIIIIITIIIIIIITIITHHHITIIIIIIIIIIIIITHHHITIIIIIFA999;
@®SRR047027. 5 GFTKDIIO1ANQXS length=44
CACGTATTTAGCCGTCACTTCTTCTGTTGGTACCGTCATTTTTT
+5RR047027. 5 GFTKDIIO1ANQXS length=44
ITIIITHHHIIIIIIIIIIIIIIIIIIIFFFFBA>??=-,,,,,
@SRR047027. 7 GFTKDIIOID7ZIL length=215

1. Tag of eliminate adaptors
2. Quality check
* Base quality
* Presence of repeats
* Poly-A tag or trim

FASTA format

"GTCATGGGAGATGAGCCTAGCGACAG

10/4/2013
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-

Fastq file structure

How to filter the reads?

Using scripts (Shell, Perl, Python etc)
@HWI-EAS236 3 FC 20BTNAAXX:2:1:215:593
GAGAAGTTCAACAGCTGGTATTATTTTTGTTAACAT

+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
—I— | ] e —chromosome
— - J;.\.\? - “2
= = 3
_____ 2 D

ExonA | ExonB ExdnC ExonD
transcript I

Reads’ mappings at chromosome and transcript level

RNA sequencing overview

12



/7 ~N 6*%10e10/100

4 »¥1069/100 1*10e9/250 = =

50 OeOO OOO_ 4.000.000 6.000.000.000

eads  JtpUl "9 pain NGS platform._ reeds

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 élﬂ 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 080 % 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)

Paired 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



Available Bioinformatics tools in the Institute for RNA-Seq

Assemblers

Phred/phrap/consed
MIRA

VELVET

Abyss

Soapdenovo
Soapdenovo Trans

Trinity

Tools

Emboss
GALAXY
MEGAN
BLAST
HMMER
TopHat
Cufflinks
MG-RAST

* Computer power

* Testing Server
* 8 cores RAM 14 Gb
 HD3.5Tb

* Working cluster (In progress)
* 36 Cores
* RAM 384 Gb
* HD 12 Tb High Speed SSD

* OS

* Ubuntu Server 12.04
e Databases

° nt

°nr

* PFAM

* 16S

* Custom databases

10/4/2013
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Assemblers

= Velvet: Sequence assembler for very short reads

= Assembly By Short Sequences - a de novo, parallel, paired-end sequence
assembler

= MIRA 3 - Whole Genome Shotgun and EST Sequence Assembler for Sanger,
454 and Solexa / lllumina

= SOAPdenovo and SOAPdenovo Trans is a novel short-read assembly
method that can build a de novo draft assembly for the human-sized

genomes. The program is specially designed to assemble lllumina short
reads.

= Trinity represents a novel method for the efficient and robust de novo
reconstruction of transcriptomes from RNA-seq data

10/4/2013
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Tools

EMBOSS : A high-quality package of free, Open Source software for
molecular biology (160.40.70.143/emboss-explorer

Galaxy is an open, web-based platform for data intensive biomedical
research.

MEGAN 4 - MEtaGenome Analyzer: Software for analyzing
metagenomes.

MG-RAST — Metagenomic web tool

10/4/2013
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Conclusions

= RNA-seq data analysis:
= is computational intensive (when compared to, for example, microarray analysis)

= needs very good filtering criteria, which are based on biology mathematics, in order to
improve the quality of the results (i.e. low number of false positives)

= there is not only one established way of doing it

= many tools used for analysis, e.g. aligners, samtools, etc., are still work in progress

= Visualization:
= multiple facets, i.e. read coverage, fusion genes, etc.

= depends on the user profile:
1. biologist/medical doctor

2. bioinformatician

17
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(A) E-value Distribution

14.5%

u 0 = {e-45~1e-30
0~1e-100 = 1e-30~1e-15
fe-100~1e-60 = 1e-15~1e-5

" 1e-60~1e-45

(B) Similarity Distribution

25.4%

8 19%~40% 80%~95%
" 40%~60%
8 60%~80%

" 95%~100%

(C) Species Distribution

39.8%

5.8% 3.9% 3.5%

= Vitis vinifera

Ricinus communis
Populus trichocarpa
Glycine max

Solanum lycopersicum
Nicotiana tabacum
Solanum tubsrosum

B gther

Number of Unigenes

2000

COG Function Classification of Solanum-Unigene.ia Sequence

K LNNDTD

Function Class

P

A RMA proaecaing and Mo e en

B Chromalin srusire and cynamis

O B gy proadiaction anel corensinn

0: Cod ool controd, cull divison, chromosome parligoning
E: Aimino ack lrarsport and metabolism

F: Nuckeoics ramsport and metaboksm

G: Carhniyerata 1anspn e and metahalsm

H: Cosnryme ransport and mat@bnlsm

11 Lipin transpore and mataboism

J TianakEicn, rkcacmal ainiciiae and begeresks
K Thenec falion

| Bapleadon, mazrnkinarion and repsli

il Sl walbmembaneonwlope bogonesis

M Gel motiliy

2 Posttrarsdalio nal rmecilization, probein Wi, chaseores
P Inorganks ko rarapon and mssanaism

7 Becondary metabolbas binsynihasis, marspor ancd catabol lm
A Cararal Lrchion preckeion only

= Funeien vrkaoan

T Sigrel weredicion meshankme

11 Imracalidar iatlicdng, secradon, and veelodar iErapon

v: Defunsa mochanzms

i Extracallular shuclunes

¥: Muckar stiucium

21 Cyinskelebon

10/4/2013
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Qutput statistics of sequencing

Salwia_pomifera 2 000,000 45 887 274 4,129,854 660 B5.64% 0.00%: 49,3/ %

* Total Clean Muclestides = Total Clean Reads! x Resd! size + Totgl Clean Reads? x Aead? size

Statistics of assembly quality

Contig Salvia_pomitera 1253 410 286 050 321 531 - - -

Unigena Salvia_pomifera 66,031 a2 ul 081 @4l ga1 BE6,051 22 3890 4.3 606

10/4/2013 20



Salvia_pomiferz-Unigene fa

Statistics of annotation results

46,270 32 857 £8.395 25 Bra 17,303 33,332 4/ 68/S

(A) E-value Distribution . (B) Similarity Distribution

19.8% 40.4%

"0 " 1e-45~1e-30 m 17%~40% 80%~95%
0~1e-100 m 1e-30~-1e-15 # 40%~60% 8 95%~100%
1e-100~1e-60 = 1e-15-1e-5 u 60%~80%
1e-60~1e-45

(C) Species Distribution |

m Vitis vinifera
Ricinus communis
Populus inchocarpa
Glycine max
Meadi ;ago truncatula
® Nicotiana tabacum
® Solanum lycopersicum
® other

37.0%

10/4/2013
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RNA-Seq of ecosystems

Metagenome analysis of Table Olive Processing Wastewater
= lonTorrent sequencing

= 3runs

RNA-Seq of the red algae Laurencia microcladia
= [llumina sequencing

"= J1rundG

10/4/2013
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Barcode
Name

Mo barcode

RNA_Barc...

Barcode
Name

Mo barcode

RNA_Barc...

Total Number of Bases [Mbp]

Sample

3MBR-19-
9-12
3MBR-19-
g9-12
Sample
2MBR&-8-

12

2MBR8-8-
12

Output

8.4M

43.6M

Output

6.8M

36.2M

» Number of Q20 Bases [Mbp]
Total Number of Reads
Mean Length [bp]
Longest Read [bp]

%>=020

7.2M

38.7M

%>=020

57M

30.8M

26.94
24.02
330,484
81

376

Reads

74712

422754

Reads

63607

340066

Mean Read
Length

113 bp

103 bp

Mean Read
Length

108 bp

106 bp

Read
Length
Histogram

Read
Length
Histogram

BAM

BAM




SEED Profile of Sample 4

Amino Ar:lds alr'ln-d 'Dér'i.vatives MNucleosides and Nucleotides
Respiration

Protein Metabolism

higcellaneous

embrane Transport
Phosphorus Metabolism Virulence
Cofactors, Vitamins, Prosthetic Groups, Figments S '

10/4/2013 24



Virulence
Stress Response
Respiration

Protein Metabolism
Phosphorus Metabolism

Mucleosides and Nucleotides

Miscellaneous
Membrane Transport

Cofactors, Vitamins, Prosthetic Groups, Pigments
Cell Division and Cell Cycle

Amino Acids and Denvatives

10/4/2013
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Sequencing Results

Samples Total Raw Total Clean Total Clean Qezr(ienta N bercentage
P Reads Reads Nucleotides (nt) z g P & percentage

MPO_290 49,191,548 45,811,836 4,123,065,240 97.06% 0.00% 32.05%

27



Assembly Results

Sample Total
P Number
Contig MPO_290 309,845
Unigene MPO_290 40,746

Total
Length(nt)

51,640,879

19,262,933

Mean
Length(nt)

167

473

N50

147

533

Total
Consensus
Sequences

40,746

Distinct
Clusters

11,556

Distinct
Singletons

29,190

28



(A) E-value Distribution

11.2%

5.5%
2.1%

0.7%

47.2%

B0 ® 1e-45~1e-30
0~1e-100 ® 1e-30~1e-15
1e-100~1e-60 ® 1e-15~1e-5
1e-60~1e-45

(C) Species Distribution |

3:‘0}’0 3.3:::’Ir
3.1%

59.1%

4.3% 5.1% 10.7%

(B) Similarity Distribution

34.3%

0.6%

45.3%
B 16%~40% 80%~95%
B 40%~60% B 95%~100%

B 60%~80%

11.4%

Populus trichocarpa

Ricinus communis

Physcomitrella patens subsp. pate
Oryza sativa Indica Group
Hordeum vulgare subsp. vulgare
Ectocarpus siliculosus

Volvox carteri f. nagariensis

other

29



4000

i

Number of Unigenes
g

10C0

A B G DE K LMMNMDPQA v ow Y 2

Function Class

COG Function Classification of MPO 290-Unigene.fa Sequence

: AMA processing and modification
: Chromatin structure end dynamica

: Enargy production and comeanzion

A,
E
C
[ Cell cyela caniral, cal division, chromesame partitioning
E: Aming acld ransport and metaboism

F: Mucleaide transpoit and metabolism

G: Carbohydrate transport and metabolzm

H: Coenzyme transport and metaboiem

|: Upid transport and motabolem

J- Trarslation, ribozomal stucture and hinganess

K Transchption

L: Replication, ecombiration and repaii

M: Sal wallmembrane/anvel ope biogenssis

M Cell motiity

0 Pogttranslational modification, pratein iurnover, chaporones
F: noroanic ion fransport and metabolism

U: Secondary metaboltes blosynthesls, tansport and catabolizm
F: Ganeral lunction pradiction only

£: Furcd en unknown

T: Signal franzd ucicn mechanizme

LIz Infracalulzr traflicking, secration, and vesicular transport

W Detarss machanizms

Wil Exlracellu@r siruciums

' Nuclaar structurs

21 Cytaskelaton
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