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The “next-generation” sequencing era
RNA-Seq allows to:

Characterize organisms' full set of genes

- Detect and quantifiy expression from known genes;

- Find both new coding and non-coding genes;

- Compare genes among organisms (evolution of genemes);

Characterize transcript isoforms- Identify and quantify known splice even

- Find novel alternative splice isoforms and/or transcript ends (5'-3' UTRSs);

Monitor gene expression changes between cells/tissues/organisms or conditions-
Identify differential expression between 2 conditions;- Understand the basis of gene
expression regulation in a disease;- Identify gene regulatory regions (e.g. coupled with
ChlIP-Seq);




ybridization-based technologies:
ackground and cross-hybridization issues -
nly transcripts included in the array design -
pecific studies requires specific array types 4
Limited dynamic range

- Nowadays much easier to analyze (several
isoftware available)- Nowadays still cheaper
‘large” sample production

- Low computational complexity

NA-Seq:- Low “background signal’-
Identification of novel transcribed regions and
plice isoforms;- Determination of correct gene
oundaries- No upper limit for geng
guantification
- Still  expensive
lsequencing)
- Much more computationally demanding- Stilf
limited amount of software available

(sample preparation and




RNA source

Characteristics

PolyA RNA

rRNA-depleted
RNA

Total RNA

* Polyadenylated fraction of the transcriptome
* Represents 2 - 5% of all transcripts

 Coding mRNA only

* Coding & non coding RNA minus the abundant
rRNA

* See entire transcriptome

 |ncludes abundant rRNAs
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. *Proliferate and differentiate in vitro to endothelial cells
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Ribodepletion with 5’ biotin-labeled probes
2X (VA antissrNa VWA antisssrna VWA Ani-1ssRNA AV Anti-28s RNA )
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JNA fragmentation (3) and
igation to adaptors (4).
Retro-transcription (5).
Size selection by gel
slectrophoresis (6), and
°CR amplification (7). Size
Jistribution evaluation (8).
=mulsion PCR (9). Bead
anrichment and deposition

onto glass slides (10).
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Mapping strategy i
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L.qual
>852 2042 1999 F31920141485916111161421141121-120112112221418146 1116141651123 13184620 13 1521 17

181511487 511
A suitable treatment of the multlple matched reads is fundamental to reduce the bias.

Customlzed

(quality plot, remove low quality

GRCh37/h919 ,| Junctlon library
S ‘ ‘ . 1. Quality assessment and filters
Conm L ’ ableread3'+| RNA-MATE ] ‘ reads, ribosomal RNA reads,

Trim ends sequencing adapters);

m . 2. Alignment to a reference genome
(genome-junction library)

3. “Trim” the rigth-side of the reads
Rescue
‘ and cyclically repeats the step;
o 4. Handle “multiple” reads;

“Uniquely assignable reads Multiple reads ) ~ Unmatched readsi )

Costa et al., 2010 (submitted) I




Since the huge number - and the short size - of reads (50 nt in length), using conventional alignment algorithms is not feasible;
In addition, not all developed aligners support all .csfasta formats from SOLID platform;

The alignment of reads in RNA-seq is particularly challenging due to the reads spannina across splice-iunctions

\ —

Model based junction detection
RNA-seq alignment

Exon to a reference genome Data driven junction detection
Intron . . _
Sequence read De-novo” transcript assembly
Signal from annoted exons

Non-exonic signal Costa et al., 2010 (J Biomed Biotech)




Million of sequenced reads

Euploid

& Usable beads
u After QV filter
After rRNA+adapter filter
& Genomic mapped
“ Junctions mapped




Format
conversion

Costa et al., 2010 (submitted)

" RefSeq ~Non-RefSeq
annotation file annotation file

=TV ‘

RPKM
quantification /)

Refinement

_~Non-RefSeq

quantification

“ Statistical tests for DE ] ‘

5. Visualize output data;

6. Quantify known “features” (at
different level of resolution) or

7. ldentify and quantify novel
ones;

8. Perform between samples

comparisons.




Genome Browser (UCSC) :
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1) tdentification and quantification of transcriptional regions:

"kinown" regions (i.e. RefSeq, UCSC annotated genes, transcripts);
- novel transcriptionally active regions (TARS);

- gene boundaries (5 and 3' UTRs analysis);

Within
sample
analysis

Between
samples
analysis




1) tdentification and quantification of transcriptional regions:

- "Rnown" regions (i.e. RefSeq, UCSC annotated genes, transcripts);
- novel transcriptiona Ly active regions (TARS);

- gene boundaries (5 and 3' UTRs analysis);

§ Quantification based on RefSeq Annotation:
E Remove ambiguities due to genes overlapping by
strand;
Use either “exon reads” and “junction reads”;
L Use unique reads + "uniquely assigned" reads aftef
_the “rescue’ step.

Expression was measured as the thber of Reads Mapped on 'thefeéture i
or as
Reads Per Kilobase of transcrlpt per Million of mapped reads (RPKM)
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N = Total number of mapped read

L, = Length (bp) of the feature i




i)
L)
Q
=)
EJ’
=
<
o
o

(=]

N

[p]

“mRNA

1) very low
~ 2) low

4)
[ 5) very high

P~ ww

3) intermediate

snRNA;scRNA

“ microRNA unknown

“ "no protein coding" « antisense;vault:RNase ~ pseudogenes = snoRNA
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Analysis of "extra-genie" transcription

o Euploid

28%

“RefSeq

“Intronic reads
Intergenic reads
Mithocondrial

21%

Very different mapping
from polyA+ enrichment
experiments

If N reads < threshold

100 kb




Ana Lgsus of "extm -gente” tra wsonptww
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Analysis of 5 and 2" UTRs
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2) ldentification and quantification of splicing tsoforms:

- “Rnown” transcript isoforms;- detection of new alternative splice isoforms

and thelr quantification (Ln drooress




“Guilty by evidence” _
The presence of multiple isoforms is inferred by reads §

] e mapping to multiple donor /acceptor’ splice
Multiple “donor” junctions.

—_ - o
Multiple “acceptor”
[I [I P P Known New

RefSeq "combinatorial”

junctions _RefSeq
junctions




Alternative splicing events Alternative splicing events
confirmed by at least 3 mapped reads confirmed by at least 5 mapped reads
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=2) AwaLgsLs of non-coding RNAs (WeRNAS):

- detection and gquantification of "Rinown" neRNAS;

- " " of new neRNAs and thelr quantification (tn Prog ress)
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Small nucleolar RNA (snoRNA)

5 j Cajal-body scaRNA
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H/ACA box Cajal body-
specific
- A significant increase (170-fold) of
mean RPKM values of snoRNAs vs
mMRNAs;

& ;’*ﬂu..
Wrltgg™ts  HIACAbox - About 95-98% of snoRNAs belong to
.° s "Very High RPKM" category and almost
exclusively map within introns of genes
(host) belonging to "Very High" & "High

RPKM" cateqgories .
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- A strong correlation between reads' distribution and functional snoRNA sites,
suggesting these short RNA fragments may derive from the processing of snoRNAs;

- Some of them may have miRNA-like activities (very recently termed sno-miRNAs).




4) Petection of differentially expressed (DE) "features":

- detection of DE "known" genes;

- " " of DE newly identified genes;- " " of sample/condition-
specific tsoforms (tn progress);- " " of DE alternative splicing
tsoforms (in progress);

- " " of PE neRNAS;




Statistical ana Lgsls: Differential E)qsressiow

Significant changes in the expression of genes are usually identified by using a statistical Test and
the results are then corrected for multiple testing

EUnfortunately one cannot use ordinary tests developed for microarray since RNA-Seq }

data are count data, and they are heteroscedastic (have no the same finite
variance).

- Statistical significance has been inferred from total reads count for each RefSeq gene combining 3 tests:
DEGseq (based on Poisson distribution)

DESeq and edgeR (based on negative binomial).

- Such tests are based on slightly different assumptions that usually produce a different level of stringency.




Differential exp

V%TSR§NIE%0 ld/e\t,ecg-ﬁlth all 3 n-'éhods 0(' @ ewes

GOOD = detected with 2 methods
ACCEPTABLE = detected with only 1 method
WEAK = below the FC threshold (1,5)

Evidence of DE
e Strong
Good

* Acceptable
Weak

“No evidence of DE
& Acceptable

Good
& Strong

Weak




guantitative RT validation

Differentially expressed
genes

EDS
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response to lipopolysaccharide

“inflammatory response
signal transduction

& chemotaxis

Biological Processes

immune response
“JAK-STAT cascade
response to virus

Gene pathways
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Differential expression of extra-gente regions

Lo A N IMICINNTLAS J

Evidence of DE Evidence of DE

* Strong ¢ Strong

Good P Good
* Acceptable * Acceptable

| // : 3

-- 1.5fold change --- 1.5fold change
T T T
30 35 30




Differential expression of SWoRNAs

46 SNORD (3 up- and 43 down-regulated) on a total of 171 expressed (27%);
31 SNORA (9 up- and 22 down-regulated) on a total of 95 expressed (32,6%);
9 SCARNA (2 up- and 7 down-regulated) on a total of 23 expressed (39%);

DS cells

—

Ehe gene with the highes]
xpression on HSA21 was a
member of H/ACA  box,
ISNORA80, DE in the trisomia
cells.

“DE genes
“ Not DE genes

(%)}
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gene number
04
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ln summarg
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- Massive transcriptome sequencing of DS ewolotheLLaLi) |

progentitors, and differential expression vs euploid cells; { 5 Both polyA+
and rRNA
depleted

samples

(J

- Splice isoforms (kRnowwn and novel) of crucial genes, even

\those specifically expressed tn cells with trisomy; -

O

Lauag S e Y

i— Detection and gquantification of SWoRNAs, MIRNAS and )
WCRNAS, emerging as candidates to the pathogenesis of}

 human diseases;

Correlation between reads' distribution and snoRNAS Only rRNA
. depleted

samples

iprocessing, and tdentification of candidate sno-mIRNAs;

]i— Differential expression of WCRNAS;

- Differential expression of newly identified “extra-genic"
wegions actively transeribed in DS cells Vs ewploid; L




- RNA-Seq experiments are a powerful tool for addressing biological questions, although they still
require the setup of “sophisticated” computational methods and the development of novel
computational/statistical tools;

¥ ¥ ¥

o build appropriate gene models
o better define & quantify the
igh level of transcription within
et unannotated extra-genic
egions

To reconstruct, and thus
urther quantifying, multiple
soforms of a transcrip§
isoform abundance).

o develop a probabilistic

odel which takes inta
ccount the uncertainty
ue to the mapping

TopHat aligns reads to the genomes using Bowtie - an ultrafast short reads aligner - and then analyzes the mapping
results to identify splice junctions between exons (both known & newly identified).

Cufflinks assembles transcripts, estimates their abundances, and tests DE and regulation.




Biological conclusions inferred from the direct comparisons of two samples are however limited;

RNA-Seq experiments can (optimistically) reduce the technical variability, but they do not

¥

affect the biological variability.

From statistical significance to biological significance
Extend the analysis to a larger number of samples/conditions to increase the detection power for
identifying disease-associated genes/features

- Athough our results are very promising, all the capability and information have not been full
extracted from data;

- Further steps of "biological validations" (Real-Time PCR, WesternBlot, RNA interference, etc.) ar
also required;
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