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Existe una gran diversidad de ARNs no codificantes

Largo del ARN

Polymorphic LEeEEsl s
SINE TERRA RMRP
T-UCR
hTR LINE LTR RPPHT

Small RNA

Processed

TSS-miRNA

<200 nt tRNA snRNA SnaR
S rkron 1 § ScaRNA
tRNA R (' svRNA ) snorNA
N RNA !\ hc-siRNA
tRH tRF
endo-siRNA sdRNA
miRNA exo-siRNA natsiRNA

Antisense
Sense intronic

crasiRNA tel-sRNA piRNA

Conocemos muchas clases de ncARNs

presentes en el transcriptoma celular.

Se clasifican segun su tamafio y funcidn,

longitud.

= Small RNAs (sncARNs) <50 nt
= microARNSs, piwiARNSs, tRFs

= Mid-sized RNAs (mncRNAs) 50-400 nt

* Long RNAs (IncARNs) >400nt
= [incARNSs, rARN

Vickers et al., 2015; Boivin et al., 2018



Panoramica transcripcional de los ARNs no codificantes

Antisense transcripts IncRNAs
1 1

piRNA ' :

cluster
s —F—0C00 ] <00 3

y )| (—r Z— >
snRNAs rRNAs tRNAs and

. : ) tRNA-derived
Protein-coding transcript small RNAs

Non-protein-

. Protein-coding exon 2
coding exon

2 : : 2 classes of snoRNAs producing 3 types of
l PASRs I HRNG\s and:spliRiNAs . mikNAs O small RNAs, including a type of miRNAs

Morris, K., Mattick, J., 2014



microARNs y ARN pequeinos derivados de ARN no codificantes mas largos

a Small Non-Coding RNAs
Metazoan miRNA gene Bacteria, Archaea, and Eukaryotes Eukaryotes
Cobu i 'il?°' " cis small RNA mRNA-derived tRNA-derived small interfering microRNA
Pri-miRNA fragments fragments RNA
Grasna?oscre
ME;probessor ORF
WIISIITIGD) papminiNA : SRNA I
ORF
ucleus [Exportln 2 Ran
Nucl [ 1 & | l
Cytoplasm - ‘*‘ y sncARNs generados por el procesamiento de RNA funcionales maduros
m@g 4 ']
| (Dicer) trans small RNA l l C_I E
LI miRNA duplex
' ORF l
y vAGb- : " Silencing S
TSR complex @
zsRNA I
% de Genoma No-codificante:
—”45) Procariotas: 1-15%
Eucariotas: 50-80%

Rother S. & Meister G. et al., 2011; Bartel DP., 2018, Carvalho Barbosa et al., 2019



Herramientas para el bloqueo y modulacidn de ncARNs

Anti-miR  LLLLILILL]
mRNA
AGO
mRNA

l

miRNA blocked, no binding to
mRNA, miRNA does not inhibit
gene expression

miRNA
anti-miR-155
(NCT02580552)
(NCT03713320)
RISC J_
AT, miR-155
SHIP1
PI3K SHIP1
PI(4,5)P, = > PI(3,4,5)P, ——> PI(3,4)P,
PTEN l
AKT

}

f Proliferation

f Survival

f

Lymphoma

I
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Los inicios de NGS y microARNs - small RNA-seq (sRNA-seq)

2007

Table 1. Continued

™ - - Human Clone Mouse Clone Rat Clone
A Mammalian microRNA Expression Atlas oo swee ¢ mie_seaoee ¢ e seweree s
- u | miR-466c GAUGUGUGUGU 11
Based on Small RNA Library Sequencing
| miR-466c UGUGAUGUGUG 2
CAUGUACAUG
Pablo ITandgraf,1 Mirabela Flusu_,2 Robert Sheridan,® Alain Sewer,?'®?° Nicola Iovinc_b,"”_AIexgi Aravin,'%¢ ) | miR-467e AUAAGUGUGAG 125
Sébastien Pfeffer,"?®* Amanda Rice," Alice O. Kamphorst,' Markus Landthaler, Carolina Lin, Nicholas D. Socci,® CAUGUAUAUGU
Leandro Hermida,? Valerio Fulci,* Sabina Chiaretti,* Robin Foa,* Julia Schliwka,’ Uta Fuchs,® Astrid Novosel,®=® | miR-466d UGUGUGUGCGU 4
Roman-Ulrich Miiller,"” Bernhard Schermer,” Ute Bissels,® Jason Inman,? Quang Phan,'® Minchen Chien, e
David B. Weir,'" Ruchi Choksi,'" Gabriella De Vita,'? Daniela Frezzetti,'? Hans-Ingo Trompeter,'® :
Veit Hornung,?*?* Grace Teng,'* Gunther Hartmann,'® Miklos Palkovits,'® Roberto Di Lauro,'%?° Peter Wernet,'® | miR-466g AUACAGACACA 2
Giuseppe Macino,* Charles E. Rogler,'® James W. Nagle,?? Jingyue Ju,""?! F. Nina Papavasiliou,'* UGCACACACA
Thomas Benzing,’ Peter Lichter,® Wayne Tam,'” Michael J. Brownstein,'® Andreas Bosio,? Arndt Borkhardt,528 | miR-466h UGUGUGCAUGU 4
James J. Russo,'" Chris Sander,® Mihaela Zavolan,?'%* and Thomas Tuschl'* GCUUGUGUGUA
miR-885 UCCAUUACACU 5
ACCCUGCCUCU
miR-887 GUGAACGGGCG 3
CCAUCCCGAGG
miR-886 CGCGGGUGCUU 16
ACUGACCCUU

Desde el descubrimiento del primer miARN lin-4 en nematodos, se han detectado mas de
38.000 miARN en 271 organismos, incluidos 1917 miARN humanos (miRBase v22)

Landgraf P., et al. 2007



Panorama General del Genoma Humano
S

Ultima version de miRBase v22 estan anotados 1917 miARN humanos

Perspective

The status of the humangene catalogue

Table 1| Annotation databases that catalogue long ncRNA

https://doi.org/10.1038/541586-023-06490-x  Paulo Amaral', Silvia Carbonell-Sala?, Francisco M. De La Vega®*, Tiago Faial®, g enes
Adam Frankish®, Thomas Gingeras’, Roderic Guigo®®, Jennifer L. Harrow®,
Artemis G. Hatzigeorgiou'", Rory Johnson'**'%'%, Terence D. Murphy'®, Mihaela Pertea™®"°,
Accepted: 27 July 2023 Kim D. Pruitt’, Shashikant Pujar'®, Hazuki Takahashi®®, Igor Ulitsky???, Ales Varabyou™®,

. N Christine A. Wells?*, Mark Yandell?*, Piero Carninci’®?** & Steven L. Salzberg181926= Reso urce I'n CRNA g enes
Published online: 4 October 2023

Received: 9 March 2023

RefSeq" 17,948

, o ) GENCODE™ 19,933

* El numero de genes que codifican proteinas se  yoncope™ S6am
esta estabilizando en alrededor de 19.500. FANTOM CAT” 27,919

e Aungue el numero de isoformas de estos  LNCipedia® 56,946
genes sigue siendo un tema de intenso estudio ~ MTenscriptome” 56,648
diSCUSién CHESS™ 17623

Y ) LncBook® 95,243

* Los ncRNAs se encuentran en una etapa mas
temprana de comprensidon y su numero sigue
1990 1999 2009 2019 2029
aumentando. Vear

Figures as of late 2022. ‘Long’ refers to loci that are at least 200 nucleotides.




éPor qué NGS? - small RNA-seq (sRNA-seq)

Ofrece una mayor sensibilidad y precision que las tecnologias anteriores. Su sensibilidad y
especificidad estan por encima de las técnicas de microarrays.
L, ., , . 1. Aislamiento de ARN
e Secuenciacion exacta, resolucion de nucleodtidos
* |dentificacién de variaciones en longitud o composicion Zo (ERIEALEED Cls S0 ies G A
* No requiere informacion previa del transcripto 3. Secuenciacién
* Se pueden detectar eventos de edicion de ARN
* |dentificacidon de polimorfismos (expresion especifica de alelo)
* Proporciona una gran profundidad de cobertura (rango dinamico)

Published online 15 October 2008 Nucleic Acids Research, 2008, Vol. 36, No. 21 el4l E
doi:10.1093 |nar/gkn705 t i
ags . ——
- - - ————
Deep sequencing-based expression analysis e—-
shows major advances in robustness, —_— —_—
resolution and inter-lab portability over five -_ . tag-depth

microarray platforms

genome ~
Peter A. C. 't Hoen'*, Yavuz Ariyurek', Helene H. Thygesen', Emo Vreugdenhil?, m
Rolf H. A. M. Vossen', Renée X. de Menezes', Judith M. Boer’, tag-co ntlg
Gert-Jan B. van Ommen' and Johan T. den Dunnen'

Landgraf P., et al. 2007; Veneziano D, et al. 2015



Aspectos relevantes a considerar para el estudio de sRNA-seq

(@@ NON-CODING RNA
~

MicroRNA profiling: . Loop
1 1 % 5’ CGGGGUUGGUUGUUAGUGGUGUGGAGUCUUCAAAUAACCCCA 3’
approaches and considerations )

632 = e UCUUUGGUUAUCUAGCUGUAUGRA - — = — = == == == = = = — | o

0.8 —mmmmmm—mm——m o UCUUUGGUUAUCUAGCUGUAUG= = === === = == = = = — = —| o m - mm oo

Colin C. Pritchard', Heather H. Cheng?? and Muneesh Tewari®>-4> 48 mmmmmmmemm JCUUUGGUUATCTAG - — — - — - — o ______
18  mmmmmmmm oo UCUUUGGUUAUCUAGCUGUA = == = = == = = = = = — = = — — ——|m — —m o m oo

1.6~ mmmmmmmmmm——— o UCUUUGGUUAUCUAGCUGUAU - —|= = == = = = = = m — m o m e e e e

13 mmmmmmmmmmm - UCUUUGGUUAUCUAGC = == = = = = = — = = m — — — o — o | o oo oo

03 mmmmmmmmmm——m—o UCUUUGGUUAUCUAGCUGU === =|= = = = = = o e e e e e e e e e e e e

-5p [ T E T ——— CUUUGGUUAUCUAGCUGUAUGA == === = = = = == = = — — — o oo oo

5" C GUUG uC % U UG 05 mmmmmmmmmmmm— o UUUGGUUAUCUAGCUGUAUGA == == == == == = = = = —|m = =~ — = — ———— o m o
GGGGUUG UUA UUUGGUUAUCUAGCU G GG U 2.0 e - AUAAAGCUAGAUAACCGAAAGUA-———————————

G Loop 1A e AUAAAGCUAGAUAACCGAAAGU-—————-——————

CCCCAAU AA AAGCCAAUAGAUCGA CU G i i UAAAGCUAGAUAACCGARAGUA-—-—————-———

3 A —AARA Al n _ GA 14 e e - UAAAGCUAGAUAACCGAAAGUAA=-==========
3p U E g UAAAGCUAGAUAACCGAAAGU-————————————

* La biogénesis de miARN maduros se produce mediante un proceso de varios pasos (nucleasas DROSHA vy
DICER).

 Rango de tamafos (16-25 nts)

* El nimero promedio de copias de un miARN individual se ha estimado aproximadamente en ~500 por célula
(mayor que mRNAs).

* Rango dinamico de al menos cuatro érdenes de magnitud.

* Algunos miARN especificos de un tipo celular estan presentes hasta en >10 000 copias por célula.

* Se pueden producir diferentes especies de miARN maduros a partir de una tnica molécula de pre-miARN.



Consideraciones de la muestra para small RNA-seq (sRNA-seq)

Los métodos de procesamiento de
muestras y extraccion de ARN pueden
tener un impacto sustancial en los
resultados de los miARN (degradacion).

Los productos disponibles comercialmente
y ampliamente utilizados se basan
generalmente en la extraccion quimica
utilizando sales caotrdpicas concentradas,
como el tiocianato de guanidinio (Trizol
and QIAzol reagents).

Table 1| Sample considerations

Sample type

Celllines

Fluorescence-activated
cell sorting

Fresh tissue (for example,
tumour tissue)

Formalin-fixed
paraffin-embedded tissue

Laser capture
microdissected tissue

Plasma or serum

Urine

Typical
miRNA yield

>1,000 ng
1-100 ng

>1,000 ng
1-100 ng
<1-10 ng
<1-10 ng

<1-10 ng

Considerations

High-quality miRNA (usually)

Lower yield but less cell-type
heterogeneity

Cell-type heterogeneity

More reliable than mRNA as an
analyte in FFPE

Less heterogeneity but loweryield,
never completely pure

RNases, low yield, typically cannot
measure quantity of extracted RNA

Can evaluate cell pellet versus
supernatant

Los pasos de purificacion siempre pueden introducir sesgos

Los miARN representan una pequena fraccion (~0,01%) de la masa total de ARN celular

Pritchard CC, et al. 2012



Estimacion de los niveles de ARN en una célula de mamifero tipica

El nimero total de moléculas de ARN se estima en aproximadamente 107 por célula

tR

rRNA
tRNA
mRNA

hnRNA
circularRNA
snRNA
snoRNA
miRNA
?SL
Xist
other IncRNA

8.9 %
89 %
0.9 %
D.;El1 “a.i-u
0.02 %
0.44 %
0.37 %
0.30 %
0.18 %
0.001%
0.04 %

miRNA
7SL

5"2:: Other IncRNA

- rRNAs

tRNA
RNA by number of molecules

Palazzo AF., & Lee ES., et al. 2015; Romano G, et al. 2017



Que modelo, tejido/muestra, método de extraccion y plataforma de analisis

Specimens

Cells

(=)

Model
organisms

Q

Fresh tissue
or tumour

£

Fixed tissue
or tumour

£

sRNA-seq permite la identificacion de secuencias de
miARN y distinguir facilmente entre miARNs que difieren
en un solo nucledtido, asi como isomiR de longitud

variable

| LCM

Homogenization

Spike-in
control oligos

Cell sorting

l

Deparaffinization,
protease
treatment

'

RNA extraction

V

Quantification and quality control

® Spectrophotometry: OD 260/280

e Bioanalyzer or Experion

* Measure endogenous control RNAs
* Recovery of spike-in oligos (if plasma or serum)

* Where possible and appropriate, standardize RNA input

V

miRNA profiling

!

qRT-PCR

!

Microarray

RNA-seq

Construccion de una libreria de cDNA

d RNA-seq
(D) cDNA immobilized

on surface

Adaptor (2 Solid-phase PCR
miRNA reverse .. ligation /
transcribed to — — E—
\ (D) cDNA immobilized ‘
on bead
(2 Emulsion PCR
Sesgos

Meétodos de preparacion de bibliotecas de ADNc que
favorecen la captura de algunos miARN sobre otros

Pritchard CC, et al. 2012



Que modelo, tejido/muestra, método de extraccion

Guo et al. BMC Genomics (2017) 18:50

DOI 10.1186/512864-016-3470-2 BMC Genomics

A Plasma

g 18 de: B 9 . 9 . g W30 SRS Comprehensive evaluation of extracellular @

| e | IR | 5 1 3 6 7 6 # pass-filter samples Il RNA isolati hods f .
787 714 763 385 638 207 477 754 730 556 #detectable miRNAs sma Isolation methods from serum in
high throughput sequencing

Yan Guo'®, Kasey Vickers’, Yanhua Xiong®, Shilin Zhao', Quanhu Sheng', Pan Zhang', Wanding Zhou®

ME

and Charles R, Flynn®
400 4
2
e
S 300+
5]
2 M 0-10 RPM _
§ M 10-100 RPM
& .00 100-1000 RPM
1000-10000 RPM
-.g =>10000 RPM . tDR Reads
&
€ 100- - Other Mapped Reads
2
ety o
o l
:
3
-

£
=)

maiR

Millipore
Cury
miRNeasy
Nor

ExoRNeasy ™ F

Exigon
ExoQuick

- GuoY, et al. 2017



Evaluacion de calidad, cantidad e integridad del ARN

 Es habitual evaluar el rendimiento y el [FU]

grado de integridad general del ARN 1000 -
mediante espectrofotometria e
instrumentos de electroforesis capilar
automatizados, como el Bioanalyzer 2100

(de Agilent).

RNA from purified bovine milk epithelial cells .

* Proporcion de ARN en la ventana de 15 a
40 nt en relacion con la abundancia total

de ARN
| = l

ﬁ Small rRNAs
500 +

I
|
|
|
|
l
l
I
I
|
|
l
I
l
!

miRNA region PL’
- AMA~

— Small RNA-Seq — Standard RNA-Seq
piRNA IncRNA

miRNA sncRNA snRNA lincRNA

RNA 20 bases 36 bases 200 bases Many kb
Size:

https://www.agilent.com/en/small-rna-analysis-details-specifications; Pritchard CC, et al. 2012



https://www.agilent.com/en/small-rna-analysis-details-specifications

Small RNA-seq (sRNA-seq) pipeline

L ¥ | I 1
[ LIBRARY PREPARATION ] — [ PRE-ALIGNMENT STEPS l — | ALIGNMENT STEPS ] '—P[ NOVEL MIRNA DISCOVERY ]
Llﬁﬂlﬂﬂ: nucleic acid from biospecimen [ Demultiplexing samples ] I Mature miRNAs I [ Reference Genome ] [ Predict novel miRNAs ]

I-’[ E;Qﬂmﬂmﬂm ] ey ([ iumina' Bebdfastg? ] L Bowticl )l L miRDeep2 J

| SN Picard tools
L’[ R;E;?l?]tur?; :trs::u'tz;a:;jt ] [ l I-b[ Bowtiezi]aw.a..mm ]J |-o[ miRParai miRAnalyzer |

e

Create libraries (UMI addition) | ( Quality Assessment | ( ]
F iIRNA ts ti i i
L QMGEN_ QlAsaq_ miRNA ] h [ FastQC and MultiQC ] mi counts generanon [ miRNA counts generation ]
Library Kit L [ - ] L[ Custom scripts using ] I—)[ Custom scripts ]
h[ Mumina TruSeq Small RNA ] e L Samtools
Library Preparation Kit l l l
L\ferify library quality and quantity ] [ UMI Extraction/handling | [ Statistical Analysis ] L Statistical Analysis ]

[ Dtﬁﬁr:( llaz-lmnalmr[quahty} | L _ UMi-tools ] |->[ R packages ] L Custom scripts J
s ey ) od gy ST
. !

Sequence single-end, 75 base reads, ] -
10 million reads/sample Adapter trimming and
L lllumina desktop sequencer | [ Read filtering )
Ion Torrent sequencer ] h [ Cutadapt I
.r L [ Trimmomatic, TrimGalore |

[ Sequencer generated Basecall files J7

Legend:
[_ Preferred tool used in our pipeline ] [ Other available tools ] [ Required input } [ Pipeline Process ]

Potla P, et al. 2020



Small RNA-seq library - two-adaptor ligation-based methods

=

| LIBRARYPREPARATION | small RNA 3' adaptor
l 3' adaptor ' + 5 we—— 3'

ligation

| Isolate nucleic acid from biospecimen

hl QIAGEN miRNeasy ]

lasma Advanced Kit
Any column-based total | . ) —— 3'

L RNA/miRNA extraction kit 5' adaptor B

ligation

( Create libraries (UMI addition) |

QIAGEN QIAseq miRNA ] | ,
Lb[ - Kit cDNA 5 — 3'
b[ Mumina TruSeq Small RNA ] synthesis 3 — 5

Library Preparation Kit

et

erify library quality and quantity

Agilent Bioanalyzer (quality), | amplification . ,
DeNovix Fl ; 3 B 5

I | Agilent TapeStation (quality), | — 3
it F]uuimel:er uanti sample index

Seanence Smaloend 73 bass reads ) small RNA B ———————————
10 million reads/sample |ibrﬂl'¥ I @
Ilumina desktop sequencer I
lon Torrent sequencer ) Figure 1. Original two-adaptor ligation protocol for small RN A-seq analysis.

Potla P, et al. 2020; Benesova S, et al. 2021



Small RNA-seq library - Sesgos

A HOIIIIIIIIIIIIIIlIIIlIIIIlI!IIIIIIIIIIIIIIIIOP03 Biases in sma" RNA deep sequenCing data

Carsten A. Raabe'*, Thean-Hock Tang? Juergen Brosius' and
Timofey S. Rozhdestvensky'*

PPP semnnnnnnnnnnnnnnnnnnQOH

Cap - —— - - OH

(2’-OCHj3)

TInstitute of Experimental Pathology (ZMBE), University of Muenster, Von-Esmarch-Strasse 56, 48149 Muenster,

= - MLT Germany and “Advanced Medical and Dental Institute (AMDI), Universiti Sains Malaysia, 13200 Penang,
B Reverse Transcription
(first strand cDNA synthesis)
possible bias
Phosphatase;
TAP & 5’-ad: e los
ligation 1) ? RNA structure interference 2) E RNA posttranscriptional ~ 3) ? RNA sequence (GC content) dadera
m—— - = OH modifications [
ria de
an o
¢ lgunos
mente
PCR amplification

possible bias

1) cDNA size 2) cDNA GC-content

4) mm sequence and chemistry of 5’-adapter
NorN2’-OCHj3

5)Pmm  sequence and
Appmsm chemistry of 3’-adapter

Raabe CA, et al. 2013



Small RNA-seq library - two-adaptor ligation-based methods

randomized adaptors UMiIs
A small RNA 3" adaptor
small RNA randomized 3' adaptor 3' adaptor 5 P OH3 + § ° 3’
3" adaptor 5 (P o OH 3' 4+ 5 NNNN — Iigaﬁcn o
ligation -
5 ad
randomized 5' adaptor 5' adaptor 5 adeptor 3 + 5P 3

g Edﬂptﬂl’ £ e NNNT + 5 P— 3 : . —— L LI o
ligation - ligation
cDNA 5’ e— N — NN — 3 cDNA 5’|— 3:
synthesis 3' —— 5 synthesis 3 — 5

3! ﬁ I ﬁ

. . ! —— 1 — 4 —— : . £ eees————— ]
amplification g' — 7 — N — amplification 3 ——————— 5’

— —— ' _ se—— 3
UI':I'II s%rn ple index

sample index
$_ITIE|| RMNA —— | ——— small RNA
|IbI'EIf}F — ][] ] — "] ] |i|JI'EI".If

Barcode: Durante la preparacién de la biblioteca antes de la secuenciacion, se asigna un cédigo de barras especifico
(8 nucleotidos [nt] de longitud) a cada muestra.

Baran-Gale J, et al. 2015; Benesova S, et al. 2021



Unique Molecular Identifiers - (UMIs)

+ Labeling

= e
-
-

= L —
»> —
=

Amplification,

' normalization

=

{ Sequencing

[ : )
. :
=
» I
=2 4=
al % 7
(O e —,
13 UMIs

~ 20 original molecules

QlAseq™ miRNA Library Kit

5' PO, 3! miRNA
5' PO, 3 3' Lligation
Pre-adenylated
adapter
<) 3 5' Lligation
A l Reverse-transcription
5 ) ' with Unique
J' «- S Molecular Index
RT primer with UMI (UMI) assignment
g: — S 51 cDNA cleanup
Universal For l
T
/a ' Library amplification
g. g. and Sample Index
L assignment
l Rev with Index
Library cleanup

Kivioja T, et al. 2011

n de la
IARNS.

olécula

e modo
muestra



Unique Molecular Identifiers - (UMIs)

Molecule Type UMIs _ |Reads
—_— — & 6
2 2 UMIs detected
)| 0 1 UMI missed
= . 7
ample % 5 3 UMIs detected
Label w:th UMIs Ampiify Sequence & Count ® ‘ 1 phantom UMI
B Bioinformatics, 34(18), 2018, 3137-3144
doi: 10.1093/bioinformatics/bty283
Advance Access Publication Date: 16 April 2018
Original Paper OXFORD
Gene expression
TRUmiCount: correctly counting absolute
after 1! cycle after ncycles numbers of molecules using unique molecular

identifiers

Florian G. Pflug™* and Arndt von Haeseler'?

Barcode (8 nt de longitud)
UMI (12 nt de longitud)

Kivioja T, et al. 2011; Pflug F.G. & von Haeseler A. 2018



NGS-based RNA-seq bioinformatics analysis

La mayoria de las herramientas/pipelines disponibles para la investigaciéon del transcriptoma por NGS se
concentran en la deteccion/prediccion/cuantificacion de la expresién de ARN pequefios, especialmente miARN.

TABLE 1 | Small non-coding RNA Tool comparison.

miRDeep miRDeep* miRSpring DARIO CPSS ncPRO-seq CoRAL RNA-CODE

Package Online server Vv v Vv
Stand-alone Vv Vv Vv Vv v i
Applicable to Raw data v v v Vv v
Mapped data v Vv Vv Vv v
Input format FASTQ/FASTA Vv v v Vv v
BAM/SAM v v v v v
BED Vv
GFF/GTF v
Assembly De novo Vv
Reference genome sequence 4 v Vv Vv Vv Vv v
Known miRNA detection v v Vv N4 v Vv v v
Known other ncENA detection Vv Vv Vv v v
Novel ncRNA prediction Vv Vv Vv Vv v
Expression analysis v v Vv Vv v Vv v v
miRNA target prediction v Vv
miRNA target functional enrichment v



NGS-based RNA-seq bioinformatics analysis — Quality check

h 4

PRE-ALIGNMENT STEPS

!

—

Demultiplexing samples

L ( Picard tools

Illumina's Bel2fastq2

— —

!

——

Quality Assessment

Ly ( FastQC and MultiQC
h FastP, FastX-toolkit

—

!

[

UMI Extraction/handling

N

L ( UMI-tools

L [ Qiagen's GeneGlobe,

BBDuk J

l

|

Adapter trimming and

Read filtering

J

L ( Cutadapt ]
b[ Trimmomatic, TrimGalore ]

Name URL/link Utility Date of
Access
Bel2fastq2  https://support.illumina.c Software: Conversion 12-Feb-
om/downloads/bcl2fastg-c of.bcl files to.fastq files 2019
onversion-software-v2-20.h
tml
Bowtiel/2  http://bowtie-bio.sourcefo Software: Read 13-Mar-
rge.net/index.shtml alignment 2019
miRDeep2  https://github.com/ra Software: Novel miRNA  20-Jun-
jewsky-lab/mirdeep2 prediction 2019
FastQC https://www.bioinformatics. Software: Single sample  21-Mar-
babraham.ac.uk/projects/fast Quality Control (QC) 2019
qc/ report creation
MultiQC https://multigc.info Software: Creation of 22-Mar-
multi-sample QC report 2019
UMI-tools https://github.com/C Software: Handling of 31-Mar-
GATOxford/UMI-tools UMI-tagged reads 2019
Cutadapt https://cutadapt.readthed Software: Adapter 25-Feb-
ocs.io/en/stable/guide.html trimming 2019
Samtools http://www.htslib.org Software: Processing 24-Jun-
aligned files (.SAM) 2019
miRBase http://www.mirbase.org Database: Mature and 05-Jan-
hairpin miRNA 2019
sequences
vGRCh38 http://hgdownload.soe.u Database: Human 06-Jan-
csc.edu/goldenPath reference genome 2019

/hg38/chromosomes/

sequence




NGS-based RNA-seq bioinformatics analysis — Quality check

* Unavalor Qde 30 (99,9% de precision) se considera aceptable.
* Para datos de secuenciacidon de miARN, un porcentaje mayor (>40%) de lecturas que tienen 3’ adaptadores.

@FastQC Report

Summary eAdapter Content cutadapt

% Adapter
@Basic Statistics 1oa ) )
Nurnina Universal Adapter

@F’er base sequence quality MNumina Small RMA 3" Adapter '

o0 llumnina Small RHA 5 Adapter 3 Adap"[ﬂr
@F’er tile sequence guality Mextera Transposase Seguence
@Per seguence quality scores

| 1

@F’er base sequence content 0
@Per seqguence GC content or

60
@Per base N content
@Sequence Length Distribution s0 _
QSeouence Duplication Levels I ]

40
@Overreoresented sequences
@Ada ter Content 3o
OKmer Content mi R NA

20 ——— Read

10

s Adapter

1 23456 7 8 9510 12 14 18 18 20 22 24 26 28 30 32 34 36 38
Position in read (bpl

Removed sequence




NGS-based RNA-seq bioinformatics analysis — Quality check post trimming

’:@Fa StQC Re pOI‘t subsample

General Statistics

A Copytable i Configure Columns = |F Sort by highlight = JiPlot = Showing &/ rows and %4 columns.

Sample Name 5'-3' bias M Aligned % Aligned M Aligned % Aligned M Aligned % Dups % GC M Seqs

Irrel_kd_1 1.18 35.6 86.4% 31.2 92.1% 33.2 55.9% 47% 36.1 nj
Irrel kd 2 1.14 30.4 86.0% 26.5 92.2% 28.4 53.6% 47% 30.8 0
Irrel kd 3 1.19 23.6 85.7% 20.5 92.0% 22.0 50.1% 48% 23.9 |
Mov10 kd 2 1.13 51.9 86.0% 45.3 91.6% 48.3 60.5% 48% 52.7 D
Mov10 kd 3 1.13 30.7 86.0% 26.8 91.6% 28.5 54.6% 47% 31.1 z
Mov10 oe 1 1.09 38.1 80.2% 321 88.9% 355 56.5% 47% 40.0 N
Movi0 oe 2 1.18 35.4 81.0% 30.0 88.8% 33.0 55.9% 48% 371 |

Mov10_oe 3 20.3 81.5% 17.3 90.0% 19.1 50.1% 47% 21.2




NGS-based RNA-seq bioinformatics analysis —

Inserto de 20-50 nt — reads 150 pb

. : 4—— <150 bp ——p 4> 150 bp ————p>
ragmen
Read 1 <« <
Read 2 x> >
[FU] '
i A
T
100 ¢ : |
= /-/:_J\\I'\&
(] “~ (|
0— & L“MWW_MWJ E—
LIl 1 LV LIt I1 0]
35 150 300 500 10380 [bp]
NGmerge: merging paired-end reads via @
novel empirically-derived models of Permite la correccion de errores y la determinacién
sequencing errors precisa de la cobertura de lectura

John M. Gaspar®

Gaspar JM.,, 2018



QC de las lecturas secuenciadas — consideraciones del Trimming

Ago2
int_ <7nt 'f’.’Z:‘:‘ s5nt _ =5nt
o0 AN LN
...NNNNNNN/  NNNNN..,.. A
target S
2-1.§nt
Solo remover adaptadores
Conservar longitudes de lectura para

miARNs esperadas para eliminar lecturas
que sean demasiado cortas (<18 pb) o
demasiado largas (>30 pb)

Polymorphic
isomiRs

AGCUACAGCUGGCUACUGGGU
AGCGACAUCUGGCUACUGGGU
GCUACAUCUGGCUACUGGGU
AAGCUACAUCUGGCUACUGGGU
GCAGCUACAUCUGGCUACUGGGU
AGCUACAUCUGGCUACUGGG
AGCUACAUCUGGCUACUGGGUU L3 isomiRs
AGCUACAUCUGGCUACUGGGUCU
Canonical miRNA — AGCUACAUCUGGCUACUGGGU

AAUCAGCAGCUACAUCUGGCUACUGGGUCUCUGAU Pre-miR

l sequence

5’ isomiRs

Mature miRNA sequence
derived from miRBase (v18)

Pritchard CC, et al. 2012; Potla P, et al. 2020
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miRTrace reveals the organismal origins of ®
@ microRNA sequencing data .

Wenjing Kang', Yrin E\dﬁel\'. Bastian Fromm', Xavier Estivill®, Inna B\ryuknva‘ and Marc R, Friedlander"”

A

Flowchart of miRTrace tracing miRNA sequencing data to their taxonomic origins

/ OUTPUT: Clade-specific miRNA profile \
4 N Vv O
INPUT: FASTQ file Data pre-processing Identify clade-specific miRNAs £ + Mono-clade sample
= Vast majority of sample miRNAs
_ _ | Lo | a originate from the expected clade.
m'ENA index i 1. Remove low-quality reads o 1 E
*NNWNN_ | ] 1 F"rE-pr‘lJCESSEd IEEEIS are 1 ‘E )
5' adapter! ' adapter — 2. Remove 3’ sequencing adapter — —> 5 O Multi-clade sample
! . | \ | mapped to database of curated | =3 Sample miRNAs originate from several
Sequencing 1 3. Remove low-complexity reads 1 1 clade-specific miRNA sequences ! & clades, e.g. due to contamination or
I (| [ o parasitic infection
Tlumina TruSeq small RNA protocol | 4. Remove short reads (<18 nt) | | : o
'\‘_ _j M e e e e e e e e e e e e e e & M e e e e e e e e e e e e e e e e e L
f‘;,ﬁj Clade: mPrimate oDlnsect
A mRodent ONematode

- J

miRTrace possible applications

4 N [ N 7 N 7 N
Resolving taxonomic origin Detection of parasite RNAs Detection of cross-species Resolving food origins
of unknown sample contaminations .
]
ur w [=F] %] E o e
= < N3 4 E -
!1: z M E U z M = 3
E E x E z E
Ve g : N 7 g ME g
b o> - ¢ YO > 5N, .. D -
: ' E i E / NoFlE ?
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e [¥]
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https://friedlanderlab.org/software/mirtrace/; Kang W, et al. 2018



https://friedlanderlab.org/software/mirtrace/

METHOD Open Access

CrossMark

miRTrace reveals the organismal origins of ®
mm microRNA sequencing data

Wenjing Kang', Yrin Eldfjell’, Bastian Fromm', Xavier Estivill’, Inna Biryukova' and Marc R. Friedlander'”

A B C D

Accuracy in tracing sample origins Sensitivity: single-cell Sensitivity: parasite Sensitivity: in silico contamination
miRNA-seq data RNA in blood
TRV 2, . I R T T
g R R8I i G I T
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https://friedlanderlab.org/software/mirtrace/; Kang W, et al. 2018
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Alineamiento de lecturas basada en referencias

] Fast gapped-read
alignment with Bowtie 2 Raw reads | FASTQ
\)

I \ Ben Langmead1 2 & Steven L Salzhergl‘3
Cutadapt
FASTA

[ Mature miRNAs [ Reference Genome
Bowtie 2
l H-ﬂ"i’l"ﬁﬂl ]J Bow TIE Fast and sensitive read alignment i’ g:
L [ Bowtie/SAMtools ] <! genome |

N Bowtie2, BWA-mem ) U LR
(_ miRNAs/

l National Library of Medicine :
National Center for Biotechnology Information \L ; small RNAs

[ ALIGNMENT STEPS

[ miRNA counts generation I GTF
- - Small
b Custom scripts using ] RNAs counts
Samtools \l'

I

| Statistical Analysis ARRENY  RNA \
[ Normalized counts }

b R pac 5
l — MirGeneDB 2.1 [LEURLVANe|o)

L[ Python packages

Pritchard CC, et al. 2012; Potla P, et al. 2020



Desafios del analisis de datos de sRNAseq

a ANNOTATIONSOURCES Whichones to use (input)? b MULTI-MAPPERSASSIGNATION How to assign?

reference genome
s Read

snl miRNA-8 Database A
sn_A sn_B Database B / l \

hsa-mir_8.00 Database C alignmentl alignment2 alignment3
T8.5P T8.3P reference genome
C MULTI-OVERLAPSASSIGNATION  How to assign? d DIVERSESTRUCTURE What to quantify (output)?
alignment 1 reference genome Feature annotations reference genome
mRNA1 exonl mRNAlexon2 Feature Glexonl Glexon2 pi6 | | pi6 | | pi6 micro8

annotations \LM
snoRNA1 \l ‘/ 3p lSp

N

a aa
"
P .y

RNA molecules

Pritchard CC, et al. 2012; Potla P, et al. 2020



miRBase y MirGeneDB

La ultima version de miRBase (v22) contiene secuencias de microARN de 271 organismos: 38.589 precursores en
horquilla y 48.860 microARN maduros.

A RBase

MirGeneDB 2.1

Home| Browse Search Download Information

Welcome to MirGeneDB 2.1 - the curated microRNA Gene Database

MirGeneDB is a database of manually curated microRNA genes that have been validated and annotated as initially described in Fromm et al. 2015 and

Fromm et al. 2020. MirGeneDB 2.1 includes more than 16,000 microRNA gene entries representing more than 1,500 miRNA families from 75 metazoan
species and published in the 2022 NAR database issue. All microRNAs can be browsed, searched and downloaded.

« miRNA.dead - List of entries that have been removed from the database

Genome coordinates

aae.gff3 ame.gff3 ath.gff3 bmo.gff3 bta.gff3 cbr.gff3 cel.gff3 cfa.gff3 cre.gff3 dme.gff3 dps.gff3 dre.gff3
ebv.gff3 fru.gff3 gga.gff3 hemv.gff3 hsa.qgff3 kshv.gff3 mdo.gff3 mghv.gff3 mml.gff3 mmu.gff3 osa.gff3 ptc.gff3
ptr.gff3 rno.gff3 sme.gff3 tni.gff3 wvi.gff3 xtr.gff3 zma.gff3



miRBase — gff y fasta (miRs o precursores)

##gff-version 3
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UGAGGUAGUAGGUUGUATAGTIT
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Alineamiento de lecturas basada en referencias

[ ALIGNMENT STEPS

4"

Fast gapped-read
alignment with Bowtie 2

Ben Langmeadl 2 & Steven L Sa.lzbergl'3

Raw reads | FASTQ

Mature miRNAs [ Reference Genome

L Bowtiel

L, | Bowtie2, BWA-mem

[ miRNA counts generation

h Custom scripts using
Samtools

4

| Statistical Analysis

bl R packages

L[ Python packages

Bowie 2 (Guan
el FASTA

. reference
[Bowtie/SAMtooIs] <_ genome
National Library of Medicine . miRNAs/
m) National Center for Bfotegnoiogy Information HTjeq e: small RNAs
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[ Normalized counts ]
MirGeneDB 2.1 [LEURLVANe|o)

Pritchard CC, et al. 2012; Potla P, et al. 2020



Alineamiento de lecturas cortas

BIOINFORMATICS

Evaluation of microRNA alignment techniques

MARK ZIEMANN, ANTONY KASPI, and ASSAM EL-OSTA

Epigenetics in Human Health and Disease Laboratory, Baker IDI Heart and Diabetes Institute, The Alfred Medical Research and Education

Precinct, Melbourne, Victoria 3004, Australia

Epigenomics Profiling Facility, Baker IDI Heart and Diabetes Institute, The Alfred Medical Research and Education Precinct, Melbourne,

Victoria 3004, Australia

TABLE 1. SmRNA/microRNA-seq analysis pipelines in common use

Limited
Tool Alignment engine Reference sequence species Local computer Open source Citation
miRExpress Smith-Waterman  miRbase All miRbase Yes Yes Wang et al. 2009
DSAP Smith-Waterman  miRbase All miRbase Web-server only NA Huang et al. 2010
MIReNA MEGABLAST Whole genome Any Yes Yes Mathelier and Carbone
2010
miRDeep MEGABLAST Whole genome Any Yes Yes Friedlander et al. 2008
miRDeep?2 BowtieT Whole genome Any Yes Yes Friedlander et al. 2012
miRanalyzer Bowtiel miRbase and whole 34 species ~ Web-server only No Hackenberg et al. 2011
genome
Shortran BowtieT Whole genome Any Yes Yes Gupta et al. 2012
mirTools2 SOAP2 Whole genome 32 species  Yes, and web-server Wau et al. 2013b
MiRNAkey BWA miRbase All miRbase Yes Yes Ronen et al. 2010
UEA sRNA workbench PatMaN Whole genome Any Yes Yes Stocks et al. 2012
ShortStack Any Whole genome Any Yes Yes Axtell 2013

Ziemann M, et al. 2016



Alineamiento de lecturas cortas

TABLE 3. Alignment software evaluated in the present study

Al igner version Parameter Parameter Reference
BBMap v34.x df Default B Bushnell (unpubl.)?®
k8 k=8 This study, rice and human
Bowtiel v0.12.8 df -k1 Langmead et al. 2009
m?2 -k1 -m2
m1 -k1 -m1
best -k1 -m1 —best
best strata —best —strata -k 1 -m 1
try hard —tryhard —best -k 1 -m 1
Bowtie2 v2.1.0 df Default Langmead and Salzberg 2012
bib —local -q-D20-R3-NO-L8-i5,1,0.50
VS —end-to-end —very-sensitive
vsl —very-sensitive-local
BWA v0.7.10-r806 df Default Li and Durbin 2009
bib -nl1-00-e0-k1
ng -0 0
GEM v1.819 df Default Marco-Sola et al. 2012
mod m=0.2 D=1 e=0.2 -min-matched-bases = 0.5
GNUMAP v3.0.2 df Default Clement et al. 2010
j2.mer6 j=2m=6 This study, rice
j3.mer10 j=3m=10 This study, human
HISAT v0.1.5 df Default Kim et al. 2015
VS —end-to-end —very-sensitive
vsl —very-sensitive-local

Ziemann M, et al. 2016



Alineamiento de lecturas cortas - consideraciones

W Correctly mapped

@Incorrecly mapped to non-hairpin locus
@ Incorrectly mapped to hairpin locus

O Unmapped or mapQ<threshold

DDA~ AdI4NN

—-— ~ PO

El analisis de datos de smRNA-seq reales y simulados demuestra que
la seleccion del mapeador afecta los resultados y |la interpretacion de

la expresion diferencial.

BWA.bib(10 TGEM.dil20 ° °
. e -
S NUmap.df(5 GNUmap.df(> . .
Q GNUmap. 3@13{_1%}5 .
S A A‘h%é Aligner accuracy:
O mtisREaS e s * Non-templated terminal extension
Mosaik.hs13(20 . .
T st e Subject to varying read length
SMALTRIZ 2(30  Reads containing mismatches

* Reads containing indels

 Multiply mapped reads

Subread.mir(4

Subread.df(0) | @
I
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Ziemann M, et al. 2016



Evaluacion de la distribuciéon de mapeos de ncRNA

| = : | | References |

1001 mRNA-seq
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multiple ng
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Deschamps-Francoeur G, et al. 2020; Liu CJ, et al. 2022



Evaluacion de la distribucion del mapeo de lecturas de Multi-Mapping

Approach to
e E— — — — — handle Read distribution representation Counts
e e ™ E—— E— — S— multireads
Gene 1 (G1) Gene 2 (G2) lgnore h—— T— — — GGlz::lsorr:;a;iss
15 reads 9 reads
Count once W T T— G1: 18 reads
per alignment —— - - - _—— - G2: 14 reads
Las lecturas de MMAP se producen e o2, 10 rends
cuando hay multiples posibles
. . . Rescue based | e e—
alineamientos con |la mejor onuniguely | — S e L 15 reads
. s mapped reads o reads
puntuacion en el genoma de =
— ¥ (n) 3
i Expectation- T G1: 15 reads
refe re n C I a * mii?;zal'ggn i - — G2: 9reads
Read coverage ey —— 4 G1: 15 reads
based — '
meif'\eods G2: 9 reads

Deschamps-Francoeur G, et al. 2020; Liu CJ, et al. 2022



Evaluacion de la distribucion del mapeo de lecturas Multi-Mapping

A F G Alignment methodologies
Step 1: Retain all alignments fox Ks’,‘ep 3: steéec”%" ofa pg”z)aﬂ’y Alignment Tool | MMAP Protocol BIOINFORMATICS
; it alignment based on probability.
foads wiltt = o0 posiofis: e i ShortStack - Unique (U) Selects primary alignment
% : ; ss based on local density of . . s .
SRNA =8q With Unique Weighting... other alignments ShortStack: Comprehensive annotation and quantification
\\ — Randomly selects one of small RNA genes
alignment from all possible
87.5% 12.5% :
/1 1\\ / \ ShortStack - Random (R) locations
1 1 1 1 1 1 bowtie -m 1
Locus 1 Locus 2 oL Ignores all multimapping MICHAEL J. AXTELL'

Reference Genome b - J reads Department of Biology, and Huck Institutes of the Life Sciences, Penn State University, University Park, Pennsylvania 16802, USA
ShortStack - None (N)

~

Step 2: Weighting and probability calculation of MMAP alignments.
B Example alignment Weight Fronabikty
Locus 1
1
— 1 R o pacarad C Random Placement | - 4. | 1, ((1 - 1)) —| s0v
S 2 e Weight-lending reads
Y = |
— — Multi-Mapper LOC. 2: na ((1 T 1)) — 50%
Locus 2 /
2 ® .
= =2 = D Unique Weighting Loc. 1t (7%=} =| 7 ( =| 87.5%
— s 1 (7+1)
._"14 Weight-lending reads
1
el o () = 1257
Loc. 2: ]*T =11 1 ) (
E Fractional Weighting | o 1. (751) 4 (1%1) 4+ (2%L) 4 (1%L _|7.89 7.89 _| 73.7%
Weight-lending reads o : - 6 18 ' (789+282)) |7
(=] -lenaing rea
| u: and hg/IMAP == = s —¢ —18
— — Loc. 2: 19(-1 - 9-)(-l - 29(-1 + 1*1 B 14(-l = |2.82 282 =1 26.3%
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Axtell MJ. 2013; Johnson NR, et al. 2016



Alineamiento y asignacion de lecturas — Cross-mapping ncRNAs

[ ALIGNMENTSTEPS |

A read A read A B read B C read C
] ] [ ]
( class 1
e . ey S [ |
class 1 class 2 — class 1 class 2

Fig 1. Ambiguous cases of sSRNA class quantification. In each figure, the read is in blue, intergenic regions are grey, and known annotated
sRNAs are red. (A) The read A maps at two different locations, and each mapping overlaps with a different sSRNA annotation class. (B) Two

sRNA annotation classes overlap in the annotation file. (C) The read overlaps two different sSRNAs annotation classes that do not overlap each
other.

OPEN 8 ACCESS Freely available online

@ pros one

Cross-Mapping Events in miRNAs Reveal Potential -
miRNA-Mimics and Evolutionary Implications )

khkkhkkkkrhkkhhhhhhkdhkh * k%
] p = ] 7= g

Wanjun Gu>, Yuming Xu', Yunfei Bai', Zuhong Lu'>*

hsa-miR-1291

Ziemann M, et al. 2016



Normalizacion de los datos
S

* La normalizacion (el proceso de reducir el error técnico o la variacion entre muestras) es fundamental para un
analisis de expresion preciso.

* El objetivo de la normalizacidon es ajustar los datos para eliminar la variacion entre muestras no relacionada
con la condicion bioldgica que se estudia, facilitando asi la identificacion de las diferencias bioldgicas
relevantes.

* La expresion media global de los datos de miARN como normalizador.
* Se basa en la suposicion de que, aunqgue miARN especificos pueden variar entre muestras bioldgicas debido a
causas bioldgicas, se espera que el patron general de expresion de los miARN sea invariable.

* Otro enfoque es el uso de miARN de control sintéticos afnadidos (spike-in) que se introducen en la muestra de
ARN en un rango de cantidades conocidas y que normalmente no estan presentes en la muestra (por ejemplo,
miARN de plantas).

* RPM o CPM: un enfoque comun es representar la abundancia de un miARN determinado en una muestra
como el porcentaje del total de lecturas (o, en algunos casos, del total de lecturas mapeables).

Wylie D, et al. 2011; Pritchard CC, et al. 2012



Normalizacion de los datos

* La normalizacién (el proceso de reducir el error técnico o la variacién entre muestras) es fundamental para un
analisis de expresion preciso. Distinguir la verdadera diferencia biologica y el ruido aleatorio

* Profundidad de cobertura — definida como el numero promedio de lecturas por molécula

 “Currently, a method is often chosen by the analyst based on personal preference and convenience rather than
objective criteria governed by the data.”

Original Quantile normalization Rescale to geometric mean Size factor

o
1

[ ]
eeNSRBOERERORORDAES *," o’ o.
[ ]
LA l *e EFEEEEEEEERREEER]

o s e

Su desempeiio
depende en gran
medida de los datos
bajo estudio

Log Expression Level {zero excluded)

Garmire LX & Subramaniam S., et al. 2012; Veneziano D, et al. 2015; Diren Y, et al. 2022



Normalizacion de los datos

e Scaling-based methods:
e Calcula un factor de escalado basado en los datos de cada muestra y divide sus recuentos por este factor.

* Regression-based methods:
* Se basa en una regresion lineal, que normalmente adopta una covariable que representa la variacion de
profundidad e incluye esta covariable en un marco de regresiéon para el analisis de la expresion diferencial.

e Existen algunos paquetes de software disefados para normalizar los datos de RNA-Seq antes del estudio de
expresion diferencial (DE).

« Trimmed Mean Method in edgeR (Robinson et al. 2010)
* DESeq/DESeq2 que utiliza negative binomial model (Robinson and Oshlack 2010)

 Trimmed Mean Method (TMM), quantile normalization (QN), scaling normalization (SC).

Garmire LX & Subramaniam S., et al. 2012; Veneziano D, et al. 2015; Duren Y, et al. 2022



Normalizacion de los datos - DANA

 ‘DAta-driven Nor—-—"——*i== #-----m--—sfamamian ol cbroe - oo om0 4 - elimine al méaximo las
L. Published online 21 February 2022 Nucleic Acids Research, 2022, Vol. 50, No. 10 56 - o, .
variaciones de pro hitps:lldoi.orgl10.1093narlgkacos4  + |@s sefales biologicas

verdaderas ("efectc _ _ _ _
. TcGA-UCECendom Depth normalization of small RNA sequencing: using
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Among them, Trimmed mean of M-values (TMM) was a better scaling method, whereas the median and

the upper quartiles were consistently the worst performers.
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Expresion diferencial - DEGs

* Elcalculo de la expresidn diferencial de miARN entre grupos (comparaciones entre dos o mas grupos)

* La magnitud del Fold Change que constituye una expresion diferencial significativa dependera del contexto
experimental.
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Muchas gracias!!!
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