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% toul Central dogma of molecular biology
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Midi-Pyrénées

» Evolution of the dogma : 1950-1970

DNA structure discovery.
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Replication

One gene = one function

Adapted from Dujon B., Toulouse, 2009
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Midi-Pyrénées

« Evolution of the dogma : 1970-1980

Genome analysis

o
3
-3
"
5
c
2
@
£
S
b
=
o

Replication

Reverse Transcription
transcription

Splicing and
edition events

Adapted from Dujon B., Toulouse, 2009
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« Evolution of the dogma : aujourd’hui

Genome analysis + Sequencing
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Replication

Reverse P
transcription | | Transcription

Splicing and
edition events

Regulation
Gene formation
Epigenesis

Many genes = one functionnel complex

Adapted from Dujon B., Toulouse, 2009



S e Central dogma of molecular biology
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« Evolution of the dogma : aujourd’hui

Genome analysis + Sequencing
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Replication

Regulation

Splicingand

- Gene formation edition events

 Epigenesis |

************************************************************************* i “Translaton
ProteinS

Many genes = one functionnel complex

Adapted from Dujon B., Toulouse, 2009
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* An expending universe of RNA

:
g
E
g
£
5
2
3
b

RNA
,,,,,,,,,,,,, -
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, I
MRNA <Riboswitches>
Non coding RNA
« Regulatory » RNAs « Housekeeping » RNAs « Catalytic » RNAs
- miRNA (development...) o L
- siRNA (defense) § - - telomerase RNA (replication) | - Hairpin ribozyme
- piRNA (epigenetic and post- - - snRNA (maturation-splicing) - Hammerhead ribozyme
transcriptional gene silencing | - - snoRNA, gRNA (modification, | | )

in spermatogenesis) editing)

- SRNA (adaptative responses
in bacteria)

— Multiple roles of RNA in genes regulation
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* An expending universe of RNA
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RNA folds on itself by base

pairing : AU CA

- Awith U : A-U, U-A G=C

. C with G : G-C, C-G A6

« Sometimes G with U : U-G, G=C

G-U U=A

* Folding = Secondary structure 2'8

 Structure related to function : G=C
ncRNA of the same family have a oA A A

conserved structure

- Sequence less conserved



S Eem The non coding protein RNA world

* Not predicted by gene prediction

« No specific signal (start, stop, splicing sites...)

« Multiple location (intergenic, intronic, coding, antisens)
 Variable size

* No strong sequence conservation in general
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» A variety of existing approaches not always
easy to integrate

« Known family: Homology prediction
« New family: De novo prediction



RNA background

Different elementary motifs
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attached here == OH 3" end

modified
nucleotides

anticodaon

RNA background

Example: tRNA structure




S Eem The non coding protein RNA world

 Large non coding protein RNA

« >300 nt
* rRNA, tRNA, Xist, H19, ...
« Genome structure & expression

 Small non coding protein RNA

e >30 nt
* SHORNA, snRNA...
« MRNA maturation, translation

* Micro non coding protein RNA

« 18-30 nt
* MiIRNA, hc-siRNA, ta-siRNA, nat-siRNA, piRNA...
« PTGS, TGS, Genome stability, defense...
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Introduction to miRNA
world and sRNAseq



-

Eoul The non coding protein RNA world

bioinfo

:
g
2
g
£
5
2
3
b

* Micro non coding protein RNA
+ 18-30 nt
» miRNA, hc-siRNA, ta-siRNA, nat-siRNA, piRNA...
« PTGS, TGS, Genome stability, defense...
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Cell, Vol. 75, 843-854, December 3, 1993, Copyright @ 1993 by Cell Press

The C. elegans Heterochronic Gene lin-4
Encodes Small RNAs
with Antisense Complementarity to /in-14

Rosalind C. Lee,"T Rhonda L. Feinb
and Victor Ambrost

Harvard University

Department of Cellular and Developm:
Cambridge, Massachusetts 02138

Summary

lin-4 is essential for the normal ten
yonic

elegans. lin-4 acts by negallvely rogu

LIN_4A

Cell, Vol. 76, 855-862, December 3, 1993, Copyright @ 1993 by Cell Press

Posttranscriptional Regulation
of the Heterochronic Gene lin-14 by lin-4
Mediates Temporal Pattern Formation in C. elegans

Bruce Wightman,*t Ilho Ha,* and Gary Ruvkun
Department of Molecular Biology

Massachusetts General Hospital

Boston, Massachusetts 02114

Summary
During C. elegans development, the temporal pattern

of many cell lineages is specified by graded activity
nf the haterochronin nene Lin.14. Hare wa damnnatrate

site phenotypes (Ambros and Horvitz, 1987). lin-14(lf)
alleles cause larvae stags 2 (L2) patterns of cell lineage
in a variety of tissues to be executed precociously during
the L1 stage (Ambros and Horvitz, 1987). Two fin-14(gf)
alleles cause the opposite transformation in temporal cell
fate, reiterations of early cell fates at later stages. For
instance, at the L2 stage, /in-14{gf) mutants repeat pat-
terns of cell lineage appropriate for the L1 stage (Ambros
and Horvitz, 1984),

lin-74 controls these stage-specific cell lineages by gen-

aratina a tamnaral aradiant af Lin 44 auslasr nratain /1 in

The miRNA world

scovery of lin-4 in C. elegans in 1993
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(He & Hannon, Nature reviews, 2004)



The miRNA world

A key regulation function

Nature. 2011 January 20: 469(7330): 336-342. doi:10.1038/nature09783.
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Pervasive roles of microRNAs in cardiovascular biology

Eric M. Small'! and Eric N. Olson’

Department of Molecular Biology, University of Texas Southwestern Medical Center,
Hines Boulevard, Dallas, Texas 75390-9148, USA Ceelopment 138, 10811086 (2011) doi:10.1242'dey 056317

J Al Small RNAs Guide HEl’IlﬂtDpDil @ 2011, Published by The Company of Blaloghsts Lid
-ﬁi [MMUNOLOGY

Differentiation and Function

Francisco Navarro and Judy Licbera REQUIAtiON of mouse stomach development and Barx1
J Immunol 2010:184:5939-5947 EJ(pl'E‘SSiDﬂ hy SpE'CifiC microRNAs
do1:10.4049/;iimmunol 0902567

htp://www jmmunol org/content/184. Byeong-Moo Kim'2* Janghee Woo', Chryssa Kanellopoulou® and Ramesh A. Shivdasani'*

Developmental Cell 17, 441-450, October, 20068 ©2006 Elsevier Inc. DOI10.1016/j.devcel.2006.09.009

This information 1s current as
of December 28. 2011
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The Diverse Functions of MicroRNAs
in Animal Development and Disease

ELSEVIER

mMiSSING LINKS: miRNAs and plant development
Christine Hunter and R Scott Poethig

Wigard P. Kloosterman' and Ronald H.A. Plasterk'?*
"Hubrecht Laboratory
Centre for Biomedical Genetics

Leading Edge

Since then, several c
RNA-cloning strategies t¢
vertebrates and invertebr:

Origin, Biogenesis, and Activity
of Plant MicroRNAs

Olivier Voinnet!-*

Timsttut de Biologie Moléculzire des Plantes, CHMRS UPRZ35T Lniversite de Strasbouwrg, 67084 Strasbour
“Comespondeance: olvier voinnet@ibmp-ulp u-strasbg fr

DOl 10,1016 .call. 2000, 01,046

MicroRMAs (miIRNAs) are key posttranscriptional regulators of eukaryotic g
use highly conserved as well as more recently evolved, species-specific m
array of bioclogical processes. This Review discusses current advances in o
origin, biogenesis, and mode of action of plant miRNAs and draws comps
zoan counterparts.

The discowarny of hundreds of plant micro RMAs miRMAs) has
triggerad much speculation abouwt thair potantial roles in plant
devalopmeant. Tha saarch for plant genes inwohied in miRMNA

processing has reveslad common factors s=uch a= DICER, and
new moleculas, including HEM1. Progress is also baing made
toward identifiying miRMA target genses and undarstanding tha

machanizms= of miRMA-med ated gense regulation in plants. This

work has lkead to a reeccamination of m

PTGS and co-suppression, whercas siRNAs of 24-26 nt
(long siRMN As) are associated with long-mange ransmission
of silencing signals and methvlation of corresponding
genomic regions (Figure 1) [4]. The role of siRNAs in
plant PTGS has been reviewed recendwy [5,6] and so is noc
discussed in detail here.

characterizad mutations that are now  INternational Journal of Alzhemﬁers Disease
sompanents or targsts of miRNA-medyolyme 2011 (2011), Article ID 894938, & pages

Ao dres e
Plant Science Insfitule, Depatment of Binlk
Pem=y hania, Philadelphis, Pennsyhwania 11

Review Article
Casrent Opind on in Genstics & Devwwelo

This review comes from a themed Esue

doi:10.4061/2011/894938

MicroRNAs and Alzheimer's Disease Mouse

Cont 1y e Eomme ana ons e MOdels: Current Insights and Future Research

0858-4373'F — seea fmnt matter
D 200G Bsevier L All rights resarsea.

Avenues

DO 01O G D000 - 43 T X 0 DeD0E 1 -9

Charlotte DE'|E'3-’1 2 and Sébastien S.

Hebert™



Sgen The miRNA world

bioinfo Regulatory functions

« Animals

— Developmental timing (C. elegans): lin-4, let-7
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— Neuronal left/right asymetry (C. elegans): Lys-6, mir-273

— Programmed cell death/fat metabolism (D. melanogaster): mir-14
— Notch signaling (D. malanogaster): mir-7

— Brain morphogenesis (Zebrafish): mir-430

— Myogeneses and cardiogenesis: mir-1, miR-181, miR-133

— Insulin secretion: miR-375

1600 precursors in Human !!! (ref: miRBase, August 2012)

 Plants

— Floral timing and leaf development: miR-156
— Organ polarity, vascular and meristen development: mir-165, miR-166

— Expression of auxin response genes: miR-160



The miRNA biogenesis
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Eoul The miRNA biogenesis
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Dicer processing
Into a duplex miRNA
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The miRNA biogenesis
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The miRNA biogenesis

target mMRNA
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The Mirtron Pathway Generates
microRNA-Class Regulatory
RNAs in Drosophila

Katsutomo Okamura,’ Joshua W. Hagen,” Hong Duan," David M. Tyler," and Eric C. Lai'*

 Memorial Sloan-Kettering Cancer Center, Department of Developmental Biology, 1275 York Ave, Box 252, New York,
NY 10021, USA

*Correspondence: laie@mskcc.org

Molecular Cell

“olume 28, Issue 2, 26 October 2007, Pages 328—-336
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Resource
Mammalian Mirtron Genes

Eugene Berezikov' &« B Wei-Jen Chung?, Jason Willis?, Edwin Cuppen’, Eric C. Lai® & &

1 Hubrecht Institute, Uppsalalaan 8, 3584 CT Utrecht, The MNetherlands
2 Sloan-Kettering Institute, 1275 York Avenue, Box 252, New York, NY 10021, USA

http:/fdx.doi.org/10.1016/j.molcel.2007.09.028. How to Cite or Link Using DOI

Wl 44B| 5 July 2007 | dod 10,1038 /nat ur«059 B3 namre

LET TERS

Intronic microRNA precursors that bypass
Drosha processing

1. Graham Ruby"™, Calvin H. Jan"™* & David P. Bartel™"

The miRNA biogenesis

canonical miRNA
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Discovery of hundreds of mirtrons in
mouse and human small RINA data
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The miRNA biogenesis

0

A B

miRNA gane iRMNA gene

Pri-miRNA :? Pri-miRNA :

o] & o] &
| B o

=
L
a
=
=
=
(7]
=
g
et
-]
E
E
8
o0
w
E
E
8
i
e
o

Pre-miRNA Pre-miRNA
Ran-GTP/
91 :m Mucleus © | Gt
,-'rr-rr-'r—'-"ﬂ'\i

Cytoplasm

T T TS Y
miANAmIAMA* duplex Eﬂmﬁ

RAN-GTP/
o

Nucleus HASTY? (4] 1@

*—

Cytoplasm e revraryr o
AL L
miRMA miRNA® duplex

Helicase

rrrrrrrrrrrr

Matura miRNA within RISC

Mature miRMNA within RISC
7] I

Target mRAMNAs from loci
unrelatad 1 miRNA gene

D. Bartel, Cell, 2004

=



The miRNA location
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Conservation of the sequence and
temporal expression of /let-7
heterochronic regulatory RNA

Amy E. Pasquinelli* 7, Brenda J. Reinhart* T, Frank Slack,

Mark Q. Martindales, Mitzi . Kurodall, Betsy Maller:, David C. Hayward¢,
Eldon E. BallY, Bernard Degnan:, Peter Miiller”, Jiirg Spring™,

Ashok Srinivasan**, Mark Fishman**, John Finnerty{, Joseph Corho 1,
Michael Levinei i, Patrick Leahyss, Eric Davidsonss & Gary Ruvkun*

* Department of Molecular Biology, Massachusetts General Hospital, and
Department of Genetics, Harvard Medical School, Boston, Massachusetts 02114,
USA

T Department of Molecular, Cellular and Developmental Biology, Yale University,
New Haven, Connecticut 06520, USA

§ Kewalo Marine Lab, Pacific Biomedical Research Center, University of Hawaii,
Honolulu, Hawaii 96813, USA

| Howard Hughes Medical Institute, Baylor College of Medicine, Houston,

Texas 77030, USA
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MiRNA conservation
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Y How can we study miRNA ?

bioinfo

Midi-Pyrénées

« RNAseq not suited for miRNA (protocol and size)
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B. First and second strand synthesis

« small RNAseq: ability of high throughput sequencing to

* Interrogate known and new small RNAs

« Quantify them

 Profile them on a large number of samples
» Cost-effective



Eoul small RNAseq platforms comparisons

bioin

&
OPEN a ACCESS Freely available online “) PL()S one

Deep-Sequencing Protocols Influence the Results
Obtained in Small-RNA Sequencing
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- 1,2,2,4.59 -
Joern Toedling . Nicolas Servant

Olivier Voinnet®#2, Edith Heard"*>%, Emmanuel Barillot

1 Institut Curie, Paris, France, 2 INSERM U900, Paris, France, 3 Mines ParisTech, Fontainebleau, France, 4 CNRS UMR3215, Paris, France, 5INSERM U934, Paris, France,
6 Department of Biology, Swiss Federal Institute of Technology Ziirich, Zirich, Switzerland, 7 Fasteris, Plan-les-Ouates, Switzerland, 8 Institut de Biologie Moléculaire des
Plantes. CNRS LIPR?357 — lIniversité | niiis Pastear. Strashoiira. France

1,2,349 1,4,5,64%

* - =7
, Constance Ciaudo , Laurent Farinelli’,

12,39

Table 1. Description of the libraries investigated.

SamplelD CellType Technology Year Barcode/index Comment # reads
E5_XY_454 El14 XY 454 2008 barcode Ciaudo et al. (2009) 95203

ES XY Solexa_lllu El4 XY Solexa 2010 none GAllxllumina 3" adapter 28014973
ES_XY _Solexa_i_IDT El4 XY Solexa 2010 Index HiSeq2000/I0T 3’ adapter 8375005
ES XY Solexa IDT El4 XY Solexa 2010 none GAllxIDT 3" adapter 31316082
ES_XY_SOLID_v3 El4 XY SoLuD 2010 none v3+/SREK kit 32685742
E5_X¥_SOLID w4 E14 XY S0LID 2010 barcode vd/5TaR-5eq kit 2685423
ES_XX_454 PGE XX 454 2008 barcode Claudo et al. (2009) 57497
E5_X¥_Solexa_i IDT PGE XX Solexa 2009 I e Hiseq2000/I0T 3’ adapter 10262556
E5_XX_SOLID v3 PGE XX S0LID 2010 none v3+/SREK kit 32974547
ES_X¥_S0LID_v4 PGE XX S0LID 2010 barcode vd/5TaR-5eq kit 2714593
The ten samples differ in size, in the employed sequencing technology, in the version of the machine that they were generated with and whether a barcode or index
had been used for parallel sequencing with other libraries,

doi:10.1371/journal.pone 00327 24,1001



S small RNA-Seq library preparation

 Monophosphate presence in &' extremity and OH
presence in 3' extremity

:
g
E
g
5
2
3
:

1V G se—(AA-OF p e—OH D — ) Total RNA: contain all kinds of RNA species
HO- m— O p_-g‘% including miRNA, mRNA, tRNA, rRNA...
@ Ligate with 3' adapter
mr.:;g.pp_——-m:'«—_ prrp——__f_ RNA with modified 3'-end will not ligate with 3'
HO- S— - e— F].....----f_;'__w adapters. Only RNA with OH in 3'-end will ligate.
@ Ligate with 5' adapter
m‘G;]pp—L P — Only RNA with monophosphate in 5'-end will ligate
HO- e— | — —-—i:': with 5' adapters.
lr.'""":.'
@ RT-PCR and Size Selection

CDNA containing both adapter sequences will be
amplified. MicroRNA will be enriched from PCR

MicroRNA sequencing library and gel size selection.



toul LZ What are we looking for ?

List of known miRNA

* List of new miRNA
 miRNA target(s)
 miRNA quantification
* Differential expression



small RNAseq data analysis
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% toul What should we retain for data analysis ?

bioinfo

« Pre-miRNA information:

premature-miRMNA

i

— Hairpin structure of the pre-miRNA

:
:
:
g
:
i
5
E
b

— Pre-miRNA localisation (coding/non coding TU intronic/exonic )
— Presence of cluster
— Size of the pre-miRNA

« mMiRNA-5p and miRNA-3p information:

L L LU L e
| 11

— Existence of both miRNA-5p and miRNA-3p

— Sequence conservation

— Overhang (around 2 nt) related to drosha and Dicer cuts
— Size of miRNA-5p and miRNA-3p

— Overexpression of one of the miIRNA-5p and miRNA-3p

e FExistence of other products in sRNAsea data
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What should we retain for data analysis ?
miRbase data on pre-miRNA / mature

Animal

Average : 87.8 nt
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Average : 21.9 nt

/\

I

\
[\

/

\

2000 /
- /
0 T T T
15 17 19 21

23 25 27

29
1‘-

Plant

Average : 152.3 nt

Average : 21.3 nt

A

\
\
\

I
I
l

\

19 21




S Eoul Description of the dataset

Midi-Pyrénées

« 5 experiments (5 lanes, no multiplexing)
« Different tissues, different stages

* No reference genome
« Only scaffolds
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Sequence number
rce: Sigenae/Genotoul miRNA pipeline
150M

121.171.011 "'- Start ‘

125M

95.803.789 91.418.250 48.013.447

100M

umber

75M

45.156.426

5.1 uT21 s 1 uT4 5. 2 uT22

@ 50M

25M

oM



$
5
£
-
=
L]
2
"
:
B
(=]
L]
5
=
=

@DE1E5S5ML_171:2:1:1192:1017#0/1
M I PN NP I I NN RSN SR NI SN RN N
+DE1655ML 171:2:1:1192:1017#0/1
EEEEEEEEEEEEEEEEBEEEBEEE BBEBBEBEEBEE
@DEle55ML 171:2:1:1202:10388#0/1

TN NI I T T I IS I A NN PRI T T
+DE1655M1L_171:2:1:1202:103820/1
EEEEEEEEEEEEEEEEEEEEEEEE EEEEEEEBE EEE
@DElo35ML 171:2:1:13360: 196120/1
MNTCTCGTATGCCGTCTTCTGCTTGAAAAAAAAAAAA
+DE1G655ML 171:2:1:13360: 196120/1
BI[[[Y[YXXcccccocoeheoee_aacccYUUVVOD
@DE1655ML 171:2:1:13406: 195880 /1
MNGAGGT AGT AGATTGAATAGTTAT CTCGTATGCCGT
+DE1655ML 171:2:1:13406: 195880 /1
BEEEEEEEEEEEEEEEEEEEEEEEE EEEEEEEBEEEEE
@DEles5ML 171:2:1:13770:199320/1
GTCTCGTATGCCOGCTTTTGCTTGAAAAAAAAAGAA
+DE1655ML 171:2:1:13770:199320/1
Qvy™ ¥Q“\V] ~EEEEEEEEEEEEEEEEEEEEEEEEEE
@DE1E55ML_171:2:1:13819: 199820/1
TAGCTTATCAGACTGGTGTTGGCATCT CGT ATGCCG
+DE1655M1_171:2:1:13815: 199820/1
999999999 fafggfg~ggggfagggegggadggag
@DE1E55ML _171:2:1: 2975: 2145#0/1
TAGTTTGTCAGACTTTTGTTT GGAGGT CGT ATGGCA
+DE1655ML 171:2:1: 2975:214580/1

" BEEEEEEEEEEEEEEEEEEEEEE EEEEEEEEEEEE

Fastq format
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‘@DBLESSML_171:2:1:1192:1017#0/1 ~ Line 1 starts with @

MM I PP I I TN PRI B NI R PR NN

+DB1E55ML 171:2:1:1192:1017#0/1 lm_m_
EEEEEEEEEEEEEEEEBEEEBEEE BBEBBEBEEBEE DOTESSMI_171 | The unique instrument name

@DE1E55ML 171:2:1:1202:103820/1 : e W el s

I P PP PP P T I PP IR PR PR NI NI 1 Tile number within the flox cell lane

+DE1ES5M1 171:2:1:1202:1038&80/1 1192 'x'-coordinate of the cluster within the tile
EEEEEEEEEEEEEEEEEEEEEREE BEEEEEREEEBERER 1017 'y'-coordinate of the cluster within the tile

@hEl ESSM]__]_}"]_ 1201013360 195120 /1 #0 index number for a multiplexed sample (0 for no indexing)
MTCTCOGTATGCCGTCTTCTGCTTGAAAAAAAAAAAA n the member of a pair, /1 or /2 (paired-end or mate-pair reads only)

+DE1G655ML 171:2:1:13360: 196120/1
BI[[[Y[YXXcccccocoeheoee_aacccYUUVVOD
@DE1655ML 171:2:1:13406: 195880 /1
MNGAGGT AGT AGATTGAATAGTTAT CTCGTATGCCGT
+DE1655ML 171:2:1:13406: 195880 /1
BEEEEEEEEEEEEEEEEEEEEEEEE EEEEEEEBEEEEE
@DEles5ML 171:2:1:13770:199320/1
GTCTCGTATGCCOGCTTTTGCTTGAAAAAAAAAGAA
+DE1655ML 171:2:1:13770:199320/1
Qvy™ ¥Q“\V] ~EEEEEEEEEEEEEEEEEEEEEEEEEE
@DE1E55ML_171:2:1:13819: 199820/1
TAGCTTATCAGACTGGTGTTGGCATCT CGT ATGCCG
+DE1655M1_171:2:1:13815: 199820/1
999999999 fafggfg~ggggfagggegggadggag
@DE1E55ML _171:2:1: 2975: 2145#0/1
TAGTTTGTCAGACTTTTGTTT GGAGGT CGT ATGGCA
+DE1655ML 171:2:1: 2975:214580/1
" BEEEEEEEEEEEEEEEEEEEEEE EEEEEEEEEEEE
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@DELESSML_171:2:1:1192:1017#0/1 Line 1 starts with @

- NN I NI NN I NI IS N I I NN RN

+DELESSML 171:2:1:1192:101720/1 Im_m_
BEBEBBEEEEBE BBEBEEBEEBEE EEBEEEEBEBRE DE1655M1_171 | The unique instrument name

@DE1E55ML 171:2:1:1202:103820/1 : e W el s

R T TR 1 Tile number within the flox cell lane

+DE1GE55M1 171:2:1:1202:103820/1 1192 'x'-coordinate of the cluster within the tile

EEEEEE E}E;E;EE;E; EEEEEEEEEEEEEEEEEEEEEEEE 1017 ‘y'-coordinate of the cluster within the tile

@hEl ESSM]__]_}"]_ 1201013360 195120 /1 #0 index number for a multiplexed sample (0 for no indexing)
MTCTCOGTATGCCGTCTTCTGCTTGAAAAAAAAAAAA n the member of a pair, /1 or /2 (paired-end or mate-pair reads only)
+DE1G655ML 171:2:1:13360: 196120/1

CILIRTEEE SN I Line 2 Raw sequence of 36 nt (36 cycles i
MGAGGT AGT AGATTGAATAGTTAT CTCGTATGCCGT sSeq uencmg)

+DE1655ML 171:2:1:13406: 195880 /1
BEEEEEEEEEEEEEEEEEEEEEEEE EEEEEEEBEEEEE
@DEles5ML 171:2:1:13770:199320/1
GTCTCGTATGCCOGCTTTTGCTTGAAAAAAAAAGAA
+DE1655ML 171:2:1:13770:199320/1
Qvy™ ¥Q“\V] ~EEEEEEEEEEEEEEEEEEEEEEEEEE
@DE1E55ML_171:2:1:13819: 199820/1
TAGCTTATCAGACTGGTGTTGGCATCT CGT ATGCCG
+DE1655M1_171:2:1:13815: 199820/1
999999999 fafggfg~ggggfagggegggadggag
@DE1E55ML _171:2:1: 2975: 2145#0/1
TAGTTTGTCAGACTTTTGTTT GGAGGT CGT ATGGCA
+DE1655ML 171:2:1: 2975:214580/1
" BEEEEEEEEEEEEEEEEEEEEEE EEEEEEEEEEEE
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@hEle>5Ml_171:2:1:1192:1017#0/1
I\ I P I I PP PN PP P PP PP P NI

EEEEEEEEEEEEEEEEBEEEBEEE BBEBBEBEEBEE
@DEle55ML 171:2:1:1202:10388#0/1
TN NI I T T I IS I A NN PRI T T
+DE1655M1L_171:2:1:1202:103820/1
EEEEEEEEEEEEEEEEEEEEEEEE EEEEEEEBE EEE
@DElo35ML 171:2:1:13360: 196120/1
MNTCTCGTATGCCGTCTTCTGCTTGAAAAAAAAAAAA
+DE1G655ML 171:2:1:13360: 196120/1
BI[[[Y[YXXcccccocoeheoee_aacccYUUVVOD
@DE1655ML 171:2:1:13406: 195880 /1
MNGAGGT AGT AGATTGAATAGTTAT CTCGTATGCCGT
+DE1655ML 171:2:1:13406: 195880 /1
BEEEEEEEEEEEEEEEEEEEEEEEE EEEEEEEBEEEEE
@DEles5ML 171:2:1:13770:199320/1
GTCTCGTATGCCOGCTTTTGCTTGAAAAAAAAAGAA
+DE1655ML 171:2:1:13770:199320/1
Qvy™ ¥Q“\V] ~EEEEEEEEEEEEEEEEEEEEEEEEEE
@DE1E55ML_171:2:1:13819: 199820/1
TAGCTTATCAGACTGGTGTTGGCATCT CGT ATGCCG
+DE1655M1_171:2:1:13815: 199820/1
999999999 fafggfg~ggggfagggegggadggag
@DE1E55ML _171:2:1: 2975: 2145#0/1
TAGTTTGTCAGACTTTTGTTT GGAGGT CGT ATGGCA
+DE1655ML 171:2:1: 2975:214580/1
" BEEEEEEEEEEEEEEEEEEEEEE EEEEEEEEEEEE

Fastq format

Line 1 starts with @

D61655M1_171

The unique instrument name

2

Flowcell lane45.156.426

1

Tile number within the flox cell lane

1192

x'-coordinate of the cluster within the tile

1017

‘y'-coordinate of the cluster within the tile

#0

index number for a multiplexed sample (0 for no indexing)

n

the member of a pair, /1 or /2 (paired-end or mate-pair reads only)

Line 2 Raw sequence of 36 nt (36 cycles in
sequencing)

Line 3 starts with a '+' character and is optionally
followed by the same sequence identifier (and
any description) again.
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@hEle>5Ml_171:2:1:1192:1017#0/1
I\ I P I I I PN I I NP PP I NN

+0E1655M1 171:2:1:1192:101720/1
BEEBEEBEEEBEEEEEEEEEEBEEEBEE EEEEEEBEEEBEE!

@DEle55ML 171:2:1:1202:10388#0/1
TN NI I T T I IS I A NN PRI T T
+DE1655M1L_171:2:1:1202:103820/1
EEEEEEEEEEEEEEEEEEEEEEEE EEEEEEEBE EEE
@DElo35ML 171:2:1:13360: 196120/1
MNTCTCGTATGCCGTCTTCTGCTTGAAAAAAAAAAAA
+DE1G655ML 171:2:1:13360: 196120/1
BI[[[Y[YXXcccccocoeheoee_aacccYUUVVOD
@DE1655ML 171:2:1:13406: 195880 /1
MNGAGGT AGT AGATTGAATAGTTAT CTCGTATGCCGT
+DE1655ML 171:2:1:13406: 195880 /1
BEEEEEEEEEEEEEEEEEEEEEEEE EEEEEEEBEEEEE
@DEles5ML 171:2:1:13770:199320/1
GTCTCGTATGCCOGCTTTTGCTTGAAAAAAAAAGAA
+DE1655ML 171:2:1:13770:199320/1
Qvy™ ¥Q“\V] ~EEEEEEEEEEEEEEEEEEEEEEEEEE
@DE1E55ML_171:2:1:13819: 199820/1
TAGCTTATCAGACTGGTGTTGGCATCT CGT ATGCCG
+DE1655M1_171:2:1:13815: 199820/1
999999999 fafggfg~ggggfagggegggadggag
@DE1E55ML _171:2:1: 2975: 2145#0/1
TAGTTTGTCAGACTTTTGTTT GGAGGT CGT ATGGCA
+DE1655ML 171:2:1: 2975:214580/1
" BEEEEEEEEEEEEEEEEEEEEEE EEEEEEEEEEEE

Fastq format

Line 1 starts with @

D61655M1_171

The unique instrument name

2

Flowcell lane45.156.426

1

Tile number within the flox cell lane

1192

x'-coordinate of the cluster within the tile

1017

‘y'-coordinate of the cluster within the tile

#0

index number for a multiplexed sample (0 for no indexing)

n

the member of a pair, /1 or /2 (paired-end or mate-pair reads only)

Line 2 Raw sequence of 36 nt (36 cycles in
sequencing)

Line 3 starts with a '+' character and is optionally
followed by the same sequence identifier (and
any description) again.

Line 4 Line 4 encodes the quality values for the
sequence in Line 2, and must contain the same
number of symbols as letters in the sequence.
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Y small RNAseq pipeline
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WEF1 Qualité et nettovage X n jeux

small RNAseq pipeline

* Upload local file from =
filesystem path
outl {bam, txt, Fastgsanger, csfasta,

qual, bed, gff, gtf, vcf, sam, fasta,
pdf, xsq)

S

Fastgc: Fastgc QC ®

Short read data from wour cumrent
history

Contaminant list

htmi_file {hkml)

* supprescion des adaptateurs 1§

Votre fichier 'lane’ Mumina au format
fastqsanger

output_fg (fastg.cut.fq)

output_fog (fasto.cut.log)

* Production du rapport bt

Votre fichier fq issu de cutadapt

Vetre fichier log issu.de cuk=dank

output_html_report {html) I . '

WEF3 Annotations fonctionnelles

Avec le fasta 1ssu de « mapper » et/ou le fasta issu de « core »

Alignement contre Rfam
+ pllgnement baw, trl et Mitre 35

Mapper file {fa format)

outputi (ham)
outpuc_filterl (filtery)

oubput_filter2 (filter2)
Alisnement contre mirBase

* Alignement baw, tri et filtre 3%

Mapper filz (fa format)

outputl {bam}

output_filterl {flterl)

autput flterd {Aiter)
Alignement contre tRNA

= Alignement baw, tri et filtre &

Mapper fila (fa format)

outputl {bam]

output_filterl {flterl)
ut_ftter? {filterz)

*= Ccomparaison des annotations

“otre second fichier filtré contenant
la colonnc gname uniguement {au

format filter2) :

Dataset L = Ajoutsr un autre fichier
filtré avac la celonne gname
uniquement {au format filter2) :

Datasat 2 > Ajouter un autra fichier
filtreé avec la colorne gname

output_diag_venn {png)

* Construction de la matrice 3%
d'annotations

wvoltre premier fichisr flrd contenant
l2s colonnes gnamse =L rmame (au
format filberl)

Dataset 1 = Ajouter un autre fichier
filtra zvec las colonnes gnams =t
rname (3u format flterl)

Dataset 2 = Ajouter un autre fichier
Hfiltrd avec les colonnes gnama et
rname {au format fAlterl)

output_csv {csv)

WE2 MiRDeep2

* Mapper : Process and map b= 4
reads te the genome.

Your fasta file with the deep
cequencing reads Xn jfll‘[

Othar fasta fifas 1 > add ancthar
Fasta file

\

* miRDeeplcore - Pradiction s
des miRNAS

Your read fasta sequences

Yyour arf fils =_ %

output_arf (arf)

output_fa {fasta)

outputl (himi)

output? (csv) L,
output3 [bed) —

* mikDeep2core - bed to fasta &

filex

~Wour bad file from mirdeepZcore

output_fasta (fasta)

davasar_13
3 =
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S oul Quality control
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« FastQC (http://Iwww.bioinformatics.bbsrc.ac.uk/projects/fastqc/)
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A guality control tool for high throughput sequence data.

Language Java

A suitable Java Runtime Environment

Requirements

The Picard BAM/SAM Libraries (included in download)
Code Maturity Stable. Mature code, but feedback is appreciated.
Code Released Yes, under GPL v3 or later.

Initial Contact Simon Andrews

A simple way to do quality control. It provides a modular set of analyses to give a quick impression of
whether data has any problems of which you should be aware before doing any further analysis. The main
functions of FastQC are:

- Import of data from BAM, SAM or FastQ files (any variant)

- Provide a quick overview to tell you in which areas there may be problems

- Summary graphs and tables to quickly assess your data

- Export of results to an HTML based permanent report

- Offline operation to allow automated generation of reports without running the interactive application

Fastqc -o nf.out nf_in.fastq


http://www.bioinformatics.bbsrc.ac.uk/projects/fastqc/
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* Per base quality

Quality scores across all bases (llumina 15 encoding)

Quality scores across all bases (llumina L5 encoding)

Quality control

Quality scores across all bases [llumina 1.5 encoding)

AOL c IE IC AE T A8 ICAE T A8 C Al [ 40 }HH‘\‘H‘H‘H‘\“\‘\“““““‘ 40\\\| ICAE JCAE JCAE JCAE IC AL IC AE IC AL C I
38 38
L 38 nooooUL L
36— = — 3
- I | 36 1 AL -
34 = — =1 | 34 =
- 34

32 T 32

32
30 — 30

30
28 ||| | | 0 % s | — T
26 O e o % I e

L] 6 ]
24 24 L
bl 24 L

22 ™ 22 2
20 20 20
18 ‘K 18 18
16 15 16
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12 12 12
10 10 10
8 e 8
6 3
4 4 4 —‘7
2 2 £+ -4 H
¢ "7 54 56 7 5 910111215 1415 16 17 18 19 20 21 22 23 24 75 25 27 78 29 30 31 52 33 34 3 36 O 0254 56 7 8 0101112151415 16 17 18 16 20 21 32 25 24 25 26 27 28 29 30 31 32 33 34 35 36

1

2

34 56 7 8 910111213 14 15 16 17 18 19 20 21 22 23 24 35 26 27 28 29 30 31 32 33 34 35 36

Position in read (bp)

Quality scares across all bases (llumina 15 encoding!

Position in read [bp)

Quality scores across all bases (illurina 1.5 encoding)

Position in read (bp)

40 40

58 TR T HHM‘ 500 T T il
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34 i 34

32 [ 32 [
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28 O e 28 R N
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2 L 21 T = |+ [
22 22 T

20 . 20 T

18 18 N
16 16

14 12

12 12

10 10
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5 5

4 4

2 2

0 © 1 25 4 56 7 8 0 101112151415 1617 16 10 20 21 22 25 24 25 26 27 25 29 50 31 52 35 52 35 36

123456 7 8 9 1011121514151617 1819 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

Position in read [bp}

Fosition in read (bp)
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Output reads

>Adapteur
ATCTCGTATGCCGTCTTCTGCTTGAAAAAAAAAAAA
>UT1-10-28SrRNA
GCATGTTTGTGGAGAACCTGGTGCTAAATCACTCGT
>Poly-N
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
>UT1-40-p1iRNA ou tRNA
GCATTGGTGGTTCAGTGGTAGAATTCTCGCCATCTC
>UT1-2-mir2l
TAGCTTATCAGACTGGTGTTGGCATCTCGTATGCCG
>UT1-3-mirl4d3
TGAGATGAAGCACTGTAGCTATCTCGTATGCCGTCT
>UT1-30-mirl43

TGAGATGAAGCACTGTAGCTCTETCGTATGCCETET
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- >Adapteur
. ATCTCGTATGCCGTCTTCTGCTTGAAAAAAAAAAAA

>UT1-10-28SrRNA
GCATGTTTGTGGAGAACCTGGTGCTAAATCACTCGT
>Poly-N
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
>UT1-40-p1iRNA ou tRNA
GCATTGGTGGTTCAGTGGTAGAATTCTCGCCATCTC
>UT1-2-mir2l
TAGCTTATCAGACTGGTGTTGGCATCTCGTATGCCG
>UT1-3-mirl43
TGAGATGAAGCACTGTAGCTATCTCGTATGCCGTCT
>UT1-30-mirl43

TGAGATGAAGCACTGTAGCTCTETCGTATGCCETET
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Output reads

- Some sequences contain only adapters ~Adapteur

o I : ATCTCGTATGCCGTCTTCTGCTTGAAAAAAAAAAAA
- Some sequences contain sequences ~ ATCTCGTATGECGTC

of interest flanked by the beginning of AT TG TG CA NG T CTARTEALTEGT
oly-
‘adapters: ~ NNNNANNNNNNNNNNNNKNNNNNNKNNNNNNINN
i : § >UT1-40-piRNA ou tRNA
- - Some of them are miRNA . GCATTGGTGGTTCAGTGGTAGAATTCTCGCCATCTC
e - >UT1-2-mir2l

 TAGCTTATCAGACTGGTGTTGGCATCTCGTATGCCG

- >UT1-3-mirl43

~ TGAGATGAAGCACTGTAGCTATCTCGTATGCCGTCT

- >UT1-30-mirl43

 TGAGATGAAGCACTGTAGCTCTIGTEETATGEEENET




Y Why cleaning ?

g
5
&
2
=
(7]
T
i
:
8
o0
w
2
2
5

Output reads
- Some sequences contain only adapters

>Adapteur
- Some sequences contain sequences R MAARRAARRAAN
of interest flanked by the beginning of )PMYN_
adapters: W
: - >UT1-40-piRNA ou t |
- Some of them are miRNA (yellow).  GoATGETGETTCAGTEETAGAATTETEGEEATETE
R Ry  SUTL1-2-mir2l
| - Some of them are other type of  TAGCTTATCAGACTGGTGTTGGCATCTCGTATGECG
| § >UT1-3-m1irl43
‘NncRNAs (green).  TGAGATGAAGCACTGTAGCTATCTCGTATGCCGTCT

>UT1-30-m1ir143

TGAGATGAAGCACTGTAGCTCTETCGTATGCCETET
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Output reads
- Some sequences contain only adapters

>Adapteur
- Some sequences contain sequences SRR A RRAARRAARA
of interest flanked by the beginning of )PMYN_
SEEDIETS UT1-40-piRNA ou tRNA
. >UT1-40-p1 ou t
- Some of them are miRNA (yellow). GCATTGGTGGTTCAGTGGTAGAATTCTCGCCATCTC
>UT1-2-mir2l
- Some of them are other type of TAGCTTATCAGACTGGTGTTGGCATCTCGTATGCCG
>UT1-3-mirl43
ncRNAs (green).  TGAGATGAAGCACTGTAGCTATCTCGTATGCCGTCT

- Some adapters contain errors (blue). ;g;ggg;ggg;ﬁmmﬂc_ ' ”””””””””””””””””””””””””
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Output reads
- Some sequences contain only adapters

>Adapteur
- Some sequences contain sequences R MAARRAARRAAN
of interest flanked by the beginning of w—
adapters: L A P A
. >UT1-40-p1 ou t
- Some of them are miRNA (yellow). GCATTGGTGGTTCAGTGGTAGAATTCTCGCCATCTC
SUT1-2-mir2l
- Some of them are other type of TAGCTTATCAGACTGGTGTTGGCATCTCGTATGCCG
SUT1-3-mirl43
NncRNAs (green). TGAGATGAAGCACTGTAGCTATCTCGTATGCCGTCT

fffffffffffffff - Some adapters contain errors (blue). 2t T TeTeETTeeETeT
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Output reads
- Some sequences contain only adapters

>Adapteur
- Some sequences contain sequences O ——
of interest flanked by the beginning of | }PDM_ 7777777
geapters: UT1-40-piRNA ou tRNA
: >UT1-40-piRNA ou t
- Some of them are miRNA (yellow). GCATTGGTGGTTCAGTGGTAGAATTCTCGCCATCTC
>UT1-2-mir2l
- Some of them are other type of TAGCTTATCAGACTGGTGTTGGCATCTCGTATGCCG
SUT1-3-mirl43
ncRNAs (green). TGAGATGAAGCACTGTAGCTATCTCGTATGCCGTCT

- Some adapters contain errors (blue). ;g;gﬁg;gégiﬁmmﬂc_
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« Adapters removing and length filtering
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Cutadapt http://code.google.com/p/cutadapt/.

Cutadapt removes adapter sequences from high-throughput sequencing
data. Indeed, reads are usually longer than the RNA, and therefore contain
parts of the 3’ adapter. It also allows to keep only sequences of desired
length (15<length<29).

Options -a and -b Option -a Option -b

Read runs into adapter Full adapter in the beginning Full adapter in the beginning
Read I ] I
—— I ] I ) I I
Adapter
I Adapter within read Partial adapter in the beginning

Removed sequence

cutadapt -a ATCTCGTATGCCGTCTTCTGCTTG -m -M 29 -o nf_out.fg nf_in.fq


http://code.google.com/p/cutadapt/

Cleaning
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* 56 % of reads discarded
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* Size in between 18bp:24bp

oul Cleaning
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EXxercices:

— (Re)introduction to Galaxy
— WF1:

« Quality control
» Cleaning



Analyze Da Workflow

Shared Data

Visualization

Admin

Help User

Welcome smaman, you are working in /

Tools | Options = |

{OUF USEr Name: smaman
four file path : /work/smaman/

1 - UPLOAD YOUR DATA
et Data

2 - FILES MANIPULATION

Text Manipulation

Filter and Sort

Join, Subtract and Group
Convert Formats

3 - SEQUENCES
MANIPULATION

FASTA manipulation

FASTO manipulation
SAM/BAM manipulation : Picard

[beta)

SAM/BAM manipulation : SAM
Tools

4 - MAPPING
BWA - Bowtie

> - INDEL ET SNP

[Indel Analysis
RNA-Seq
GATK Tools (beta)

b - SRNASEQ)

Analyse des miRNA
Annotations
Alignement sur reference

m

WELCOME ON SIGENAE GALAXY WORKBENCH

Galaxy is a workbench available for biologists from
Sigenae Platform. Galaxy objectives are:

s Make bioinfo Linux tools accessible to biogists.
* Hide the complexity of the infrastructure.

+ Allow creation, execution and sharing of workflows.

»

m

2: FASTO Summary
Statistics on data 18

Using 13%
History | Options -
(= =
TP FastQC 54.0 Mb
8: FastQC data 5.html ® § 3¢
6: GM.fastgsanger @ [ %
5: h1.fastgsanger @ 7 %8
4: FastQC data @ [ B8
18.html
3: FASTQ Summary @& { 38
Statistics on data 18
@ (] %

76 lines, 1 comments

format: tabular, database: ?
Info: 99115 fastg reads were
processed.

Based upon guality values and
sequence characters, the input
data is valid for: sanger

Input ASCII range: '#'(35) -
'C'(a7)

Input decimal range: 2 - 34
Epilog : job finished at ven mai
11 10:36:43 CEST 2012

= ®© FE
22 3 a5 6

frolumn count min max =sum meEaT

55115
959115
55115
55115

o w m =

33 a3lse703 32.
34 315&€32 31.
34 3145060 31.
34 3120431 31.

I s g m m

i k3 K3 RI Ri
R R I = T ]

(R R L R T
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Vos traitements

bioinformatiques avec
GALAXY

Plat

GALAXY pour vos traitements bioinformatiques
http://sigenae-workbench.toulouse.inra.fr



geno Une « Galaxy » parmi tant d’autres

bioinfo
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Serveur public (https://main.g2.bx.psu.edu/ ):
* Gratuit

* Quota limité : pour se familier a 'outil sur des petits jeux de donneés.

* Données non protégees

-
Nombreuses autres instances ZU?GI NOLULO
-Curie (Nebula), URGI / J - ouds i
Une communauté nationnale et internationnale trés active :
* Listes de diffusion (US, FR)
* Wiki
* Twitter
* "Galaxy tour de France«
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L’'instance locale Sigenae de Galaxy :
* Maintenue par Sigenae.
* Intégration des outils et scripts “locaux”.

— Présentation des particuliarités de I'instance Sigenae.



Shared Data Visualization Admin Help Using 13%

Options ~ i History Options ~

e .| @ - |
ur file path : fwork/smaman o[- oA =

i 0 bytes
1 - UPLOAD YOUR DATA > Unnamed history yt

Plateforme Bioinformatique Midi-Pyrénées

Get Data

2 MANIPULA

Text Manipulation

Filter and Sort

Join, Subtract and Group
Convert Formats

€ vour history is empty. Click 'Get
Data' on the left pane to start

m

m

3 - SEQUENCES
MANIPULATION

FASTA manipulation

FASTQ manipulation
SAM/BAM manipulation : Picard

(beta)

SAM/BAM manipulation : SAM

Tools = WELCOME ON SIGENAE GALAXY

4 - MAPPING WORKBENCH

BWA - Bowtie Galaxy is a workbench available for biologists

from Sigenae Platform. Galaxy objectives are:

5 - INDEL ET SNP B _ _ o
¢ Make bioinfo Linux tools accessible to biogists.

Indel Analysis * Hide the complexity of the infrastructure.
RNA-Seg ¢ Allow creation, execution and sharing of

GATK Tools (beta) i workflows. i




geno Exemple : Analyse en 3 clics

Shared Data Visualization Admin Help Using 13%

Options ~ i History Options ~
" * Upload local file from filesystem path (version 1.0.0)

Plateforme Bioinformatique Midi-Pyrénées

ur file path : /work/smaman File N wE 7 =]
ile Name: . 0 bvites
1 - UPLOAD YOUR DATA : Unnamed history yi
phiX174_reat
Get Data € vour history is empty. Click 'Get
File type: Data' on the left pane to start
Fastg =~ =
Text Manipulation .
Filter and Sort Path to file:
Join, Subtract and Group [work/smaman/phiX174_reads.fastgsanger

m

Convert Formats

3 - SEQUENCES
MANIPULATION

FASTA manipulation

FASTQ manipulation

SAM/BAM manipulation : Picard
{(beta)

SAM/BAM manipulation : SAM
Tools

4 - MAPPING
BWA - Bowtie

5 - INDEL ET SNP

Indel Analysis
RNA-Seq
GATK Tools (beta) -




Exemple : Analyse en 3 clics

Shared Data Visualization Admin

HE|I’J Using 13%

Plateforme Bioinformatique Midi-Pyrénées

Options ~ i History Options ~
" * Upload local file from filesystem path (version 1.0.0)
ur file path : fwork/smaman File N =) 7 =]
ile Name: :
Unnamed history 0 bytes
1-UPLOAD YOUR DATA phiX174_rea
Get Data € vour history is empty. Click 'Get
File type: Data' on the left pane to start
Fastg ~ = o )
Text Manipulation (= 4w
Filter and Sort Path to file: Galaxy sensibilisation - TP12.1 Mb

2 - BWA and FastQC

Join, Subtract and Group /work/smaman/phi¥174_reads.fastgsanger

L 14: @ )
Convert Formats 3 phiX174 reads.fastgsanger

1.0 Mo
3 - SEQUENCES format: fastgsanger, database: 2
MANIPULATIOMN =@ o

FASTA manipulation

FASTQ manipulation

SAM/BAM manipulation : Picard

{(beta)
SAM/BAM manipulation : SAM

Tools

4 - MAPPING
BWA - Bowtie

5 - INDEL ET SNP

Indel Analysis
RNA-Seq
GATK Tools (beta)

BIE0S1T—and-080522:5:-1:185:82
GATGITATTICITCATITIGEAGETARRRCCTCITAT
+
IIITITIIIIIIIIIITITI«ITIAFIAAIOII4I
R0A0517—and—-080522:-5-1-1366-223
GITIICIT I GO CARCTARGARCEICACIGITICC




Visualization Admin Help Using 13%

Options ~ History Options ~

YOour User name: smaman i o — = -
Your file path : /work/smaman/ o= A =]
Unnamed history 0 bytes

1- UPLOAD YOUR DATA
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€ vour history is empty. Click 'Get

Get Data
Data' on the left pane to start

2 - FILES MANIPULATION

m

Text Manipulation
Filter and Sort
Join, Subtract and Group

m

MNGS: Mapping

m Lastz map short reads
against reference seguence

® | astz paired reads map short

paired reads against
reference sequence

» Map with Bowtie for SOLID

_WMap with BWA for Illumina L WELCOME ON SIGENAE GALAXY
4 - MAPFING . WORKBEMNCH
B : Galaxy is a workbench available for biologists

from Sigenae Platform. Galaxy objectives are:

5 - INDEL ET SNP B _ _ o
¢ Make bioinfo Linux tools accessible to biogists.

Indel Analysis * Hide the complexity of the infrastructure.
RNA-Seg ¢ Allow creation, execution and sharing of
workflows.

GATK Tools (beta) 57 -




geno Exemple : Analyse en 3 clics

Shared Data Visualization Admin Help Using 13%

Options ~ History Options ~

Your user name: smaman 0 Map with BWA for Illumina (version 1.2.2) . )
Your file path @ fwork/smaman/ =) =]
Will you select a reference genome from your | Unnamed history 0 bytes

1-UPLOAD YOUR DATA
Use one from the history -

Get Data € vour history is empty. Click 'Get
Select a reference from history: Data’ on the left pane to start

c
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]
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2 - FILES MANIPULATION

m

11: phix174_genome.fa -
Text Manipulation

Filter and Sort Is this library mate-paired?:
Join, Subtract and Group Single-end -
NGS: Mapping : FASTQ file:

m Lastz map short reads

. 14: phiX174_reads.fastgsanger -
against reference sequence

q FASTQ with either Sanger-scaled guality values (f .
® | astz paired reads map short

paired reads against
reference sequence

» Map with Bowtie for SOLID

LBMap with BWA for Illumina

4 - MAPPLING ”

B

5 - INDEL ET SNP

Indel Analysis

RNA-Seq
GATK Tools (beta) 57 -




Shared Data  Visualization  Admin  Help Using 13%
LEET Options ~ * || History Options ~
Your user name: smaman i o o -
Your file path @ fwork/smaman/ o[- =]
Unnamed history 0 bytes

1- UPLOAD YOUR DATA

c
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€ vour history is empty. Click 'Get
Data' on the left pane to start

Get Data

2 - FILES MANIPULATION

m

& 15: Map with BWA for ® [
Ilumina on data 14 and data 11:
mapped reads

Job is waiting to run

et

Text Manipulation
Filter and Sort
Join, Subtract and Group

m

Convert Formats

3 - SEQUENCES
MANIPULATION

FASTA manipulation

FASTQ manipulation
SAM/BAM manipulation : Picard

(beta)

SAM/BAM manipulation : SAM

Tools = WELCOME ON SIGENAE GALAXY

4 - MAPPING WORKBENCH

BWA - Bowtie Galaxy is a workbench available for biologists

from Sigenae Platform. Galaxy objectives are:

5 - INDEL ET SNP B _ _ o
¢ Make bioinfo Linux tools accessible to biogists.

Indel Analysis * Hide the complexity of the infrastructure.
RNA-Seg ¢ Allow creation, execution and sharing of
workflows.

GATK Tools (beta) 57 -




Y Interface intuitive

bioinfo

Interface divisée en 4 parties :

1 - Liste des outils disponibles.

2 - Visualisation de l'outil utilisé, historique ou workflow en construction.
3 - Historique ou workflow détaillé.

4 - Menu .

Analyze Data Workflow Shared Data Visualization Admin Help

c
£
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w

]
g
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5
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o

£
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e
o

User Options ~ History Options +

Your file path : o = i

Your user name: smaman
Jwork/smaman,

TP FastQC 54.0 Mb

m

1 UPLOAD YOUR DATA 8: FastQC data 5.html @ § 8

m

Get Data

6: GM.fastgsanger @ {1 2
2 - FILES
oo R L BT TR 5: hl.fastqgsanger @ {1 5

Text Manipulation
Filter and Sort
Join, Subtract and Group

: FastQC data 18.html @& §

B

3: FASTQ Summary @ [ 8
Statistics on data 18

Convert Formats

3 - SEQUENCES
MANIPULATION

FASTA manipulation

2: FASTQ Summary @ 8
Statistics on data 13

1: GM.fastgsanger @ ¥

FASTOQ manipulation

CARI/DAKM maaninalatine -
(T x w .
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% geno Interface intuitive

Interface divisée en 4 parties :

1 - Liste des outils disponibles.

2 - Visualisation de I'outil utilisé, historique ou workflow en construction.
3 - Historique ou workflow détaillé.

4 - Menu .

Analyze Data Workflow Shared Data Visualization Admin Help

c
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]
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5
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User

Options ~ History Options =
BUr USer name: smaman N o - N
Your file path : o= =
Jwork/smaman/ (| TP FastQC 54.0 Mb
1 - UPLOAD YOUR DAIA ) 8: FastQC data 5.html @ { 3¢
Get Data
6: GM.fastgsanger @ {1 2
2 - FILES
MANIPLY Py

5: h1.fastgsanger @ [ B

Text Manipuli n
Filter and Soi
Join, Subtrac d Group

4: FastQC data 18.html @ §

3: FASTQ Summary @ [ 8
Statistics on data 18

Convert Forn

aASIEF?U”Li’:'I: 2: FASTQ Summary ® [ %
Statistics on data 13
FASTA

1: GM.fastgsanger @ ¥

FASTOQ manipulation

CARI/DAKM maaninalatine -

,jzn > w :E._'l
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geno =
% toul

bioinfo

Interface divisée en 4 parties :

1 - Liste des outils disponibles.
2 - Visualisation de I'outil utilisé, historique ou workflow en construction.
3 - Historique ou workflow détaillé.

4 - Menu .

Analyze Data Workflow

User Options ~

Gur uUser name: smaman
Your file path :
Jwork/smaman,

1- UPLOAD YOUR DATA
Get Data

2 - FILES
MANIPL A

Text Manipuli n
Filter and Soi
Join, Subtrac d Group

Convert Forn

3 - SEQUENC
MANIPULATI

FASTA
FASTOQ manipulation

CARI/DAKM maaninalatine -

un x

-~

—
£
-

Shared Data

Interface intuitive

Visualization

Admin

Help

©

S

History Options =
o= A
TP FastQC 54.0 Mb

8: FastQC data 5.html

@ (1 &8

6: GM.fastgsanger

@ (1

5: hl.fastgsanger

@ (1 &8

4: FastQC data 18.html

@ (I ¥

3: FASTO Summary
Statistics on data 18

@ (1 8

2: FASTO Summary
Statistics on data 13

@ ] ¥

1: GM.fastgsanger
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% geno Interface intuitive

Interface divisée en 4 parties :

1 - Liste des outils disponibles.

2 - Visualisation de I'outil utilisé, historique ou workflow en construction.
3 - Historique ou workflow détaillé.

4 - Menu .

Analyze Data Workflow Shared Data Visualization Admin Help
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User Options ~ / i /@ow Options +
BUr USer name: smaman N\ o - )

Your file path : o= =

Jwork/smaman/ Filll TP FastQC 54.0 Mb

1 - UPLOAD YOUR DATA | I 8: FastQC dat>chiml & § &
Get Data 1

Iﬁ: GM.I _.qsanger @ ] ¥
2 - FILES
MANIPL L

5: h1.fastgsanger @ [ B

Text Manipuli n
Filter and Soi
Join, Subtrac d Group

4: FastQC_data= 4| @& § &%

T

3: FASTQ Summary @ [ %
Statistics on data 18

Convert Forn

-

aAEIEP%LiEAh#IZ 2: FASTQ Summary B 7%
Statis! »s.on data 17
FASTA

GM.fﬂEt[l:l-uuqu:l L) g K

q

FASTOQ manipulation
CARI/DAKM maaninalatine - 7 e
& _x
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% geno Interface intuitive

Interface divisée en 4 parties :

1 - Liste des outils disponibles.
2 - Visualisation de I'outil utilisé, historique ou workflow en construction.
3 - Historique ou workflow détaillé.
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4 - Menu .
L L ‘\ L ]
Options ~ / i /@mw Options =
ur USer name: smaman N o - N
Your file path : - =
Jwork/smaman/ Filll TP FastQC 54.0 Mb
1-UPLOAD YOUR DATA - I 8: FastQC_d=t~.5 html ® [ %
Get Data 1B
Iﬁ: GM.l _.gsanger @ 7 %

2 - FILES
MANIPLY y

5: h1.fastgsanger @ [ B

Text Manipuli n

Filter and Soi 4: FastQC _dat==0 4l & § &

T

Join, Subtrac d Group

3: FASTQ Summary @ [ %
Statistics on data 18

Convert Forn

-

aASIEP%LiE;#IZ 2: FASTQ Summary B 7%
Statis! »s.on data 17
FASTA

GM.fastysus s @ {8

i

FASTOQ manipulation
CARI/DAKM maaninalatine - 7 e
ap b
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% geno Vocabulaire spécifique a Galaxy

TOOL : Outil bioinformatique ou de traitement de fichiers.
DATASET . Fichier téléchargé dans Galaxy (entrant) oufichier généré (résultat).
HISTORY . Liste des datasets (entrants et résultants) générés par les tools.

WORKFLOW : Chaine de traitements (visualisation, édition, partage, etc.)
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» Upload File from your 1: GM.fastgsanger @ ] % History Options
computer 17.4 Mb
TOOL 1;Drmat: fastgsanger, database: o= z
e TmE o TP FastQC 54.0 Mb
9 ) [J.l_.d QLR = i o)
<, %
< \\ PN / 8: FastQC data 5.hitml @& {
EHWUSI-EASE27_1:8:1:17:202 O% @4.
TEEITGERGACCOCCAGRTEEIGCITTI ORI (y
. e ® 6: GM.fastgsanger @@ 1 5
EEF=E«SEIRE?I=2E?E?E33>RE?><1:-5=L 4
EI'[T!\."LTEI—EI-.EEZ"-‘_:I.:H::I:EE::I.EEE 5' hl.fﬂEtﬂEﬂ"l]El' @ E? ﬁ
CRGRARCTRCGAGCAGRLCRECREGCEEROCTICCE
. T R 4: FastQC data 18.html @® {§ ¥
DATASET (S) HISTORY

Generate pileup

SAM-to-BAM # Select the BAM file to genera
Convert SAM file pileup file for

Using reference file Select a reference genome
autputl (bam) outputl (tabular)

* Upload local file from =

filesystem path FASTA-to-Tabular i
outl {bam, txt, fastgsanger, Conwvert these sequences

cefasta, qual, bed, aff, gtf, wcf, S
WORKFLOW sam, fasta, pdf, xsq) output (tabular)
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S geno Présentation genérale des workflows

Gestion du workflow

Save

Canvas | Workflow constructed from history 'SwanPorc’

Edit Attributes

c
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cf, sam,

¥ Tnd Workflow Attributes
reference Auto Re-layout
Reference Close e
fasta fi kflow constructed from history
- fasta file wanPorc'
outputl (ann) Tags:
*#*% Indexation of your e
reference genome ,
Apply tags to make it easy to search for
Reference genome from your h and find items with the same tag.
- fasta file to index . .
X Annotation / Notes:
outputl (ann) Describe or add notes to workflow
Add an annotation or notes to a
cf, sam, o workflow; annotations are available when
Ini a workflow is viewed.
referer
Referer
- fasta
output

| | |
Diagramme de flux Zoom Ajout d’attributs
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Depuis le menu « User » / « Saved Histories » , vous pouvez lister vos historiques :
Lab

% geno Gestion de vos historiques

Workflow Shared Data Visualization Admin Help User User Welcome smaman, you are work

_ ) Logged in as smaman@toulouse.inra.fr
Saved Histories

search history names and tags —,

$
5
£
-
=
L]
2
"
:
B
(=]
L]
5
=
=

Advanced Search

] ﬁme Datasets Tags  Sharing Size on Disk
1 | mi-RNA + 23 4||0Tags Shared 31.3Gb Public Name
Jul 09, deleted -
[] | swanPorc - 18 0 Tags Shared 0O bytes 5012 Aug 29, 2012 permanently |
Apr 19, deleted
] | EastQC + B 0 Tags Shared 17.4Mb 5012 Jul 31, 2012 permanently
TP : NG5S - - Apr 20, current
= i e 2 2 0 Tags Shared 6.6 Gb 50172 Jul 20, 2012 history
| ™0 Fastoc « 12 16 || 0 Taas 54.0 Mb ;1[?;’211* Jul 24, 2012
ivdexation - 4 / Jun 01,
m Cnome 3 0 Tags 46 bytes 5645 Jul 23, 2012
For 0 selected histories:)| Rename Delete Delete Permanently Undelete ]
\,

Switch Un simple clic droit sur le titre de votre historique vous permet de le gérer :

renommer, supprimer (définitivement ou pas) et retablir.

View
Share or Publish

Rename

Delete Pour travailler sur un historique, sélectionner I'option « View ».

Delete Permanently




D Exporter vos historiques en workflows

bioinfo

Depuis votre fenétre « History » :

History \ [ Dptions + |

1 — Cliquer sur « Options » .

2 — « Extract workflow ».
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History Lists 3 — Nommer votre workflow.
Saved Histories

Histories Shared with Me 4 — Sélectionner les tools utiles.
Current History
Create New

5 — « Create workflow ».

Clone

Copy Datasets Workflow name

Share or Publish
Extract Workflow
Dataset Security

” Create Workflow H Check all H Uncheck all ]

\/

Tool History items created

Show Deleted Datasets

. * Upload local file from filesystem path
Show Hidden Datasets [ I 1: ERROD00D0D17.bam

¥ Include "= Upload local file from filesystem path” in workflow

Purge Deleted Datasets
Show Structure
Export to File

* Upload local file from filesystem path

> I 8: ERRO00017.sorte

¥ Include "= Upload local file from filesystem path” in workflow
Delete

Delete Permanently * BAM sorted to BAI for IGV I - ;
» | 11: * BAM sorted to

Other Actions ¥ Include "= BAM sorted to BAI for IGV" in workflow

Import from File




% e Comment étre un bon Galaxy user ?
bioinfo
ORGANISER SON ESPACE DE TRAVAIL :
Créer un nouvel historique par analyse.
— @Renommer et taguer vos fichiers resultats, vos historiques et vos
| workflows.
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MAITRISER SON QUOTA :
Télécharger vos données privées sans copie sur le serveur.
Ne pas confondre datasets supprimées et datasets supprimées
sisries snorcawinne | EfiNitivement.
Supprimer définitivement et régulierement les datasets inutiles.

Create New

Clone Supprimer vos historiques et vos workflows inutiles.
Copy Datasets
Extract Workflow History Options ~
Dataset Security i
Show Deleted Datasets '»";’JE| £

i Unnamed history 174.2 Mb

Purge Deleted Datasets

€3 You are over your disk quota.
Show Structure Tool execution is on hold until
Export to File yvour disk usage drops below

your allocated quota.
o permanently N’HESITEZ PAS A DEMANDER DE L’AIDE :
Via un ticket sur la forge DGA ou un mail (sigenae-
support@listes.inra.fr).
Consulter la FAQ, le manuel utilisateur et les supports de formation sur
« sig-learning ».

Import from File




% e small RNAseq pipeline
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SenE Mapping

bioinfo Before mapping : Remove redundancy

 Removing identical reads

— save computational time
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— useless to keep all the read
— Keep the number of occurrence for each read

AAATGAATGATCTATGGACAGCA 2

AAATGAATGATCTATGGACAGCAG 38
AAATGAATGATCTATGGACAGCAGA 2
AAATGAATGATCTATGGACAGCAGAAAG 1
AAATGAATGATCTATGGACAGCAGC 51
AAATGAATGATCTATGGACAGCAGCA 82

AAATGAATGATCTATGGACAGCAGCAA 5
AAATGAATGATCTATGGACAGCAGCAAA 2
AAATGAATGATCTATGGACAGCAGCAAC 3
AAATGAATGATCTATGGACAGCAGCAAG 5
AAATGAATGATCTATGGACAGCAGCAG 2
AAATGAATGATCTATGGACAGCCGC 1

AAATGAATGATCTATGGACGGCAGCA 1
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Remove redundancy
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Length distribution after redundancy filter B8lL
Source: Sigenae/Genotoul miRNA pipeline
1250k
%5 1uT2l
1000k -5 2 UTs
. 5 2 uT22
0 s 1 uT4
'E s 1uT2
S 750k .
e
0
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§ geno s
§ > toul Remove redundancy
Z bioinfo
=
£ miRNA ? piRNA ?
[
: Length distribution after redundancy f||ter &
E‘.? Source: Sigenae/Genot oul miRNA plpellne |
1250k ‘ ‘
s 1Tt
1000k <5 2 uTs
5 2 uT22
U 45 1 uT4
'E s 1 uT2
S 750k — 3
£ |
4 \
- — |
: |
S 500k
& |
/]
:
250k 7

* More differencies between piRNAs than with miRNAs ?



toul Mapping the reads

Midi-Pyrénées
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Blat http://genome.ucsc.edu/cgi-bin/hgBlat

 Blast http://blast.ncbi.nlm.nih.gov/Blast.cqgi
« Gmap http://www.gene.com/share/gmap/
 Bowtie http://bowtie-bio.sourceforge.net/index.shtml

« BWA http://bio-bwa.sourceforge.net


http://genome.ucsc.edu/cgi-bin/hgBlat
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://www.gene.com/share/gmap/
http://bowtie-bio.sourceforge.net/index.shtml
http://bio-bwa.sourceforge.net/

S

« Alighement of annotated reads

oul Mapping the reads

ioinf

U'l.'l'tQ

0

NM (edit distance) count for each X0 (number of best hits)
Source: Sigenae/Genotoul miRNA pipeline
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40k

30k

ALL xo=1 xo=2 Xo=3 X0=4 X0=5 Xi=6 xo=y Xo=8 Xo=9 X0=10 X0==11

Sequence number

E



S Zou Mapping the reads

+ Alignement of annotated reads

NM (edit distance) cc}unt for each X0 (numher of best hits)
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Source: Sigenae/Genotoul miRNA pipeline
40k
AL
Wl NM=0
. o | L L NM=1
o B N N B W NM=2
- = . s =
@ & o i = Ml NM=3
g 201
[
9
0
10k I
”l I I I|I i- i- il 1 I - I_ =
' X0=1 X0= X0=3 KO=4 X0=5 Xi=6 xo=y Xo=8 Xo=9 X0=10 X0==11

— keep reads aligned the most at 4 positions with 0
or 1 error



S Zou Mapping the reads

0
m
-h
0

« Alignement of all reads
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NM (edit distance) count for each X0 (number of best hits)

Source: Sigenae/Genotoul miRNA pipeline

2500k
B AL
B nM=0
2000k NM=1|
B nM=2
& B nM=3
= NM=4
E 1500k :
=
Q
[¥)
[ =
v
3, 1000k
1]
5]
ok | ‘II |I|I III- I.-l I [ |[— B . [ - E |‘Il E
ALL X0=1 X0=2 X0=3 X0=4 X0=5 X0=6 X0=7 X0=8 X0=9  X0=10 iX0>=13
L_ _—— [ | | Trrrnemnnnny L

— keep reads aligned the most at 4 positions with 0
or 1 error
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% e small RNAseq pipeline
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EXxercices:
— Mapping the reads with miRDeep?2

« Using Bowtie for mapping
 miRDeep2-core for miRNA identification
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% toul What should we retain for data analysis ?

bioinfo

« Pre-miRNA information:

premature-miRMNA

i

— Hairpin structure of the pre-miRNA

:
:
:
g
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i
5
E
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— Pre-miRNA localisation (coding/non coding TU intronic/exonic )
— Presence of cluster
— Size of the pre-miRNA

« mMiRNA-5p and miRNA-3p information:

L L LU L e
| 11

— Existence of both miRNA-5p and miRNA-3p

— Sequence conservation

— Overhang (around 2 nt) related to Drosha and Dicer cuts
— Size of miRNA-5p and miRNA-3p

— Overexpression of one of the miIRNA-5p and miRNA-3p

e FExistence of other products in sRNAsea data



el Prediction

Precise excision of a 21-22mer is typical of
microRNA

* less represented reads are products of Dicer errors and
sequencing/sample preparation artifacts
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toul 2] Prediction
* Once the reads mapped



Midi-Pyrénées
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toul 2] Prediction
* |dentify all contiguous read regions



Midi-Pyrénées

Plateforme Bioinformatique

Prediction



el Prediction

 MIRNA precursors have a characteristic
secondary structure
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— The detection of a microRNA* sequence, opposing
the most frequent read in a stable hairpin (but
shifted by 2 bases), is sufficient to diagnose a
microRNA. S,

M M
M M
M M

Mir-328 CTGTARACAT COTTGACT GGARAGLT GG A T TTCAGTCGGATGTTTGCAGCGT g :
COCOCTTUTTCEmsl { (0001 ([ ewmmseibkiooeit ] PN I N T101) )]s u M
QE20000@011111111112222222222333333333344444444445555555555666666 660 CiiE — C M
12345678901 234567890123456TE001 2345678001224 56TE001 22345678001 223456T8 A — U

2 K0 U0 K K O TTTC AG T CGGATGTTTGCAGCGT A — U

GO AR KK MK K o D T TTOAG TOGGATG T TTGCAGCG* 3 - U

=] T B A A A T T TS A T A T3 0 SN0 U O 0 E - E

10 T B A A T T T A T A T3 40000 00U 00U U0 0 K - _ p

] T B A A A T T TS A T 5, 0 T 4 00N SR N0 O KK U0 K T

297 AT A A T T T T3 5 5 T 040 SO0 OO OO0 R0 G - C

1677 T A A A T T T A T 5 5 0 0 SO 0N 0 OO OO A0 u

2 AT A A A A T O T T A T 5, 5 T 400 U000 U0 OO0 R0 U': -

459435 T T A A A A T T T A T 50 0 SN SR N0 O DO 0 c— 5

2[331 T T A A A T T T T 5 500 0N N0 OO0 OO0 R0 U —_ &

40391 TG T AR A AT Cr T TOAL TG A MG T 0 AN AU AR KK A — U

17 T O T A A A A T O T T AT, 0 T RN SN0 OO OO 0 -G

259 T T A A A T o T T A T 5 0K U000 0K 0 U0 0 K i - E

1 T T A A A A T O T T AT 5 520 SN, SR NS0 O KK N 0 A _ 0

2 T T A A T T T T35 000 0N NS0 OO O 00HECHH TR =
12345678901234567890123456785901 234567853012345678901 23456785301 2345678 5 - C
QE20000@011111111112222222222333333333344444444445555555555666666 660 I'é _ E oG U



Midi-Pyrénées

Plateforme Bioinformatique

Prediction



Midi-Pyrénées

Plateforme Bioinformatique

Prediction



Midi-Pyrénées

Plateforme Bioinformatique

Stable hairpin structure
shifted by 2 bases
miRNA > miRNA*

Prediction



Midi-Pyrénées

Plateforme Bioinformatique

Prediction



Plateforme Bioinformatique Midi-Pyrénées

Prediction

In the absence of reads corresponding to an
expected miRNA*, additional checks on the
structure are:

Degree of pairing in the miRNA region
Hairpin: around 70nt in length

The secondary structure is significantly more
stable than randomly shuffled versions of the
same sequence

MiRNA cluster
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 Which one should be used ?
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NNNN
A N NNNN
G N N A
G N N G
G N N G
G N N G
U N N G
C N N U
C-N N C
G-N N-C
U-N N-G
A - N N-U
U N N - A Mir-204 GTTTCCCTTTGTCATCCTATGCCT GGAGA
o 2 ks k kK TTTGT CATCCT ATGCCTGGAGA
il 3 *xkTCCCTTTGTCATCCTATGCCTGH* %
C-N N U 3 **TTCCCTTTGTCATCCTATGCCTGGAGH
C-N N-C 37033 ¥ TTCCCTTTGTCATCCTATGCCT* k%
1597 **TTCCCTTTGTCATCCTATGCCTGH* %%
U-N N - C Z ** TTCOCTTTGTCATCCT ATGCCT GG * %
6561 ATTTCCCTTTGTCATCCTATGLCT# 444
A-N N-U 511 ATTTCCCTTTGTCATCCT ATGLCH #4434
2 GTTTCCCTTTGTCATCCT ATGLCH# 444
C-N N-A 3 GTTTCCCTTTGTCATCCTATGOCT * bbbk
U-N N-C
G - N N-U
U-N N-G
U-N N-U
U-N N-U
C-N N-U
C-N N-C
C -N N-C
U-N N-C
U-N N U
U N N UUG
G N
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bioinfo Existing software

W6eS-WT6 Nucleic Acids Research, 2009, Vol 37, Web Server issue Published online 11 May X000
levi: 301093 (nar (ekp 347

@)

miRanalyzer: a microRNA detection and analysis - = -
y Y BNIC Bioinformatics BioMed Cartrd

tool for next-generation sequencing experiments

Michael Hackenberg®, Martin Sturm?, David Langenberger®#,
Juan Manuel Falcén-Pérez® and Ana M. Aransay’* Software

'Functional Genamics Unit, CIC bioGUNE, CIBERehd, Technology Park of Bizkaia, 48160 Derio, Bizkaia, Spain, miRExpress: Analyzing high-throughput sequencing data for
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2institute for Bioinformatics and Systems Biology, German Research Center for Environmental Health, Ingolstadter profiling microRNA expression

| andetrasas 1 MN-AETAR4 Neharbhero *Nenasdment of Genome-Orientad Rininformatics Wisesn echaftesantrom ‘I.-'\,fei—(:hi “Fan ]‘ ]:en —Mao [,inl, “‘ren—chi Chan 1'5‘ Kuan-Yu l_in2-3l
) . - . . . 8 g g

Published online 16 May 2010 Nucleic Acids Research, 2010, Vol. 38, Web Sei {isien-Da Huang* !4 and Na-Sheng Lin*23

Address: Hnstitute of Bloinforma
of Biotechnology, Mational Chen Hendrix et al. Genome Biology 2010, 11:R39

i o T el ek O R9 :
DSAP: deep-sequencing small RNA analys -~ Genome Biology

Email: Wel-Chl Wang - canser b
Wir [an - rrieste fheate stnica edt

Published online 12 September 2011 Nucleic Acids Research, X112, Vol 43, No. I 37-52 ’ METHOD Open Access

doi: 101093 [nar [gkr6 88
mIRTRAP, a computational method for the
miRDeep2 accurately identifies known and hundreds .. systematic identification of miRNAs from high
of novel microRNA genes in seven animal clades throuahput seauencina data
Marc R. Friedlander'. Sebastian D. Mackow oo oot e+ e e NOTE "™ &0 B e e
APPLICATIONS NO

s Discovering microRNAs from deep sequencing data Advance Access publcaton August 27, 2010
Sequence analysis 2 [ 1 . :
a 4 g using mi RDeep ep sequencing analysis
CPSS: a computational platform for the ana £ 2 2 3,4
P P £ Marc R Friedlinder!, Wei Chen?, Catherine Adamidi', Jonas Maaskola', Ralf Einspanier?, Signe Knespel' & v<, Gideon Dror*, Eran Halperin
deep sequencing data E Nikolaus Rajewsky'

X i . B Aimi . . B 9 .
Yuanwei Zhang1’T, Bo Xu1'T, Yifan Yangz, Rongjun Ban3, H E wdicine, _Tel Aviv University, <The Acad4em\c
Howard J. Cookel4 Yu Xue®* and Qinghua Shil* > The capacity of highly parallel sequencing technologies to and 454 Life Sciences/Roche, can sequence DMNA orders of magnitude  1Ce Institute, Berkeley, CA, USA and *School

: ! 9 detect small RNAs at unprecedented depth suggests their faster and at lower cost than Sanger encing d lvi 3 hnol G Wise F | f Life
4 A . ' ’ er o EET 52qu g and are evolving so  3jotechnology, George Wise Faculty of Life
Hefei National Laborgtory for l_:’hYs'Ca] So‘eﬂcesgat Microscale and S.ChOOI of c value In systematically identifying microRMAs {miRNAs). rapidly that increases in sequencing speed by at least another order of
and Technology of China, Hefei 230027, China, “Department of Statistics, Ur - £ However, the Identification of mIRNAs from the large pool magnitade seem likely aver the next few years. Although the Solexa/
40506, USA, Department of Computer Science & Technology, Nanjing Unive 2z of sequenced transcripts from a single deep sequencing run Illamina system can produce —32 million sequencing reads in one run,
Genetics Unit, IGMM, University of Edinburgh, Edinburgh EH4 2XU, UK, and * E remains a major challenge. Here, we present an algorithm, read length is currently limited to 35 bp. In contrast, the current 454
Huazhong University of Science and Technology, Wuhan 430074, China = miRDeep, which uses a probabilistic model of miIRNA platform vields reads ap to 200 bases each, although the number of reads

i i s 30012 5-2
Associate Editor: Ivo Hofacker DOT 10, 10074511 103-012-9883

shortran: A pipeline for small RNA-seq data analysis

Vikas Gupta'~, Katharina Markmann'. Christian N. S. Pedersen’. Jens Stougaard' a: mij RDeepFinder: a miRNA analysis tool for deep sequencing
Andersen ' of plant small RNAs

!Centre for Carbohydrate Recognition and Signalling. Department of Molecular Biology and Genetics, Aarln
Gustav Wieds Vej 10. 8000 Aarhus C. Denmark and *Bioinformatics Research Centre. Aarhus University. C Fuliang Xie - Peng Xiao - Dongliang Chen -
8. 8000 Aarhus C, Denmark Lei Xu * Baohong Zhang
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« Basic features

— Availability (web/executable

Prediction
Existing software

— Computing resources (time, memory

— Reads pre-processing
— Mapping

— |dentification

Table 2: Basic features of popular software used to predict

miRNA from deep-sequencing data

Briefings in Bioinformatics Advance Access published March 24, 2012
BRIEFINGS IN BIOINFORMATICS 1ot 10

- page Ao 101093/ bbs0I0

Detecting miRNAs in deep-sequencing
data: a software performance
comparison and evaluation

Vernell Williamson, Albert Kim, Bin Xic, G. Omari McMichacl, Yuan Gao and Vladimir Vladimirov

Subrmited: 9t Decernber 2011; Recsived (in revised form): 2ist February 2012

Accessible

Read pre-processing

Target genomes

Mapping algorithm

Functions

Predictions based on Location Program

Executable requires
in-house computa-
tional resources.

Provides script that
eliminates redundancy.

Tag removal/processing

must be done by user
prior to analysis.

Flexible, Human
(GRCh37).

Flexible, Oligomap (vI)
Bowtie (v2).

Fixed, BowTie. User

MNowvel, known miRMNA
prediction. Status of
predictions (nowvel/
known) must be
determined by the
user.

MNowvel, Known miRMNA

Bayesian probability,
focus on traditional
steps of biogenesis.

htep://www.mde-
berlin.de/en/
research/research.
teams/

MiRDeep/miRDeep2

Vveb based Accepts two multifasta  Seven genomes (human,
format and file with fruit fly, rat, mouse,
read and counts. Tag dog, nematcde, and
must be removed by zebra fish), fixed choice
user. over version.

VWeb-based Accepts read/counts Multiple genomes, fixed

format like

mi R Analyzer. Adapter
sequences can be left
intact

choice over version

can set the number of
acceptable mismatches
{=2).

Fixed, cluster approach,
Uses SuperMatcher to
increase speed

prediction.

Known miRMNA

prediction, species
distribution, expression
level

Posterior probabilicy htp://web.bicinfor- MirAnalyzer
(threshold = 095). matics.cicbiogune
Reads are mapped .es/microRMNA/
against target genome, miRanalyser.php
mirBase, and other
non-coding databases.
Degree to which reads http://dsap.cgu.edu DsAP

match known
examples. Known

miRMNAs are compared

to miRBase

v/




bioinfo Prediction
Existing software
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» Reads pre-processing

— Adaptators trimming
— Redundancy
— Repeats

— Other ncRNA
— Size of the mature miRNA (min/max)



bioinfo Prediction
Existing software

» Mapping

:
g
2
g
£
5
2
3
b

— Size and region of the read

— Number of locations

e Considered
« Reported

— Error(s) consideration in mapping
— Quality of the read
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Existing software

 Precursor identification

§
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— Length and bounds of the theoretical sequence
(folding)

— Alignment of the read against known miRNA

» Post procesing step: assessment of the
potential mMIRNA

— Differents methods: SVM, bayesian statistics based
score, combinatorial rules...
 Location of the read on the precursor
« 2 nt overhang of the mature miRNA/precursor
« Accuracy of the folding (HP structure, energy, Z-score...)
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Existing software
miRDeep & miRDeep2

MATURE BIOTECHNOLOGY WOLUME 26 NUMBER 4 APRIL 2008

Discovering microRNAs from deep sequencing data

using miRDeep

Marc R Friedlinder!, Wei Chen’, Catherine Adamidi', Jonas Maaskola', Ralf Einspanier?, Signe Knespel' &

Nikolans Rajewsky!

The capacity of highly parallel sequencing technologies to
detect small RMAs at unprecedented depth suggests their
value in systematically identifying microRMAs (miRNAs).
However, the Identification of miIRNAs from the large pool
of sequenced transcripts from a single deep sequencing run
remains a major challenge. Here, we present an algorithm,
miRDeep, which uses a probabilistic model of mIRNA

and 454 Life Sciences/Roche, can sequence DNA orders of magnitude
faster and at lower cost than Sanger sequencing and are evolving so
rapidly that increases in sequencing speed by at least another order of
magnitade seem likely over the next few years. Although the Solexas
Illamina system can produce —32 million sequencing reads in one run,
read length is currently limited to 35 bp. In contrast, the current 454
platform vields reads ap to 200 bases each, although the momber of reads

Published online 12 September 2011 Nucleic Acids Research, X112, Vol 4, No. I 37-52
alovi: 10008 3 [ narr (pkr6 88

miRDeep2 accurately identifies known and hundreds
of novel microRNA genes in seven animal clades

Marc R. Friedldnder', Sebastian D. Mackowiak!, Na Li%, Wei Chen? and
Nikolaus Rajewsky'*
"Laboratory for Systems Biology of Gene Regulatory Elements and “Laboratory for New Sequencing

Technology, Berlin Institute for Medical Systems Biology at the Max-Delbriick-Center for Molecular Medicine,
Bedin-Buch 13125, Germany



Existing software
miRDeep2
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Bioint Existing software
miRDeep
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Http://www.mdc-berlin.de/rajewsky/miRDeep

« Seven Perl scripts

« Required dependancies

* Vienna package (Hofacker, NAR, 2003)

« Randfold program (Bonnet et al., Bioinformatics, 2004)
« Megablast (Altschul et al. J. Mol. Biol. 1990)


http://www.mdc-berlin.de/rajewsky/miRDeep

4erpr il i
S AT S Ex1$t1ng software
miRDeep

» Mapping
— Megablast

:
:
:
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b

— Mismatches tolerated in the last three nucleotides
* Theretical precursor

— Reads aligned in a 30nt distance

 Clustering plus 25nt flanks
« Sequences of more than 140nt discarded

— Reads not aligned in a 30nt distance
« Two potential precursors of length 110nt



Existing software
miRDeep & miRDeep2
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* At least 11 million hairpins in the human genome (Bentwich, FEBS Lett., 2005)
* Most reads originate from loci that are not miRNA genes

Score a characteristic signature of

MIiRNA compared to other short RNA
products

a Seguencing reads

kA Mature

DS CUTSor miRMNA Loop

D> D>
T Star esguence T :

— Energetic stability: relative and absolute

— Positions on the precursor and 2nt 3' duplex

overhang

5' end of the potential mature sequenced
conserved in known mature miRNA (option)

frequencies (over-representation of reads in
the mature miRNA

Bayesian statistics to score the fit of
sequenced RNA to the biological model:

» score=log(P(pre/data)/P(bgr/data))

Dlicer -:Iea-.-‘.a-ae

[hesn sequencing
_ _—

Hon-miRMNA

Non-miRNA |:-n:a:l.| t5

Sequencing reads

lzcal hainpin

—:-\ i—r

I —

Mon-Dicer procesaing
o degradation

Deap 5=~:|ue-n-:,|"rg
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miRDeep

 The PERL scripts

— blastoutparse.pl: parse standard blast output into a
custom tabilar separated format

:
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5

— blastparselect.pl: cleans the output of
blastoutparse.pl

— filter_alignments.pl: filters the alignments of deep-
sequencing reads to a genome

— excise_candidates.pl: cuts out potential precursors

— mirdeep.pl: core algorithm which provides all
Information on candidate precursors

— permute_structure.pl.do the permutation controls
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miRDeep2
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* Improve miRDeep in several ways

— Easier to launch
— Faster (all mapping done with Bowtie)
— Several samples considered simultaneously

— Increased robustness to identify non canonical miRNA
(moRs)

— Sens/anti-sens reads analyzed separately
— Graphic output
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Plateforme Bi

Three modules

* MiRDeep2
* Mapper

* Quantifier

known e e s
miRNAs (fa) :
H H
] i :
reads_vs
genome.fa readsfa genome.arf

miRDeep2

map reads
against potential

iRMA i
i RreCUTSOrs )

test format
of input files

excise potential
miRNA precursors
from genome

+

precursars.fa

~
predict RNA

sTIuCtures with
AMAfald )

‘\‘ Compute A

stability p-values
with rangdfold

~-

signature.arf

B ——

precursors.str

L .
p-values
{-rand)

outputmrd

-~

miRDeep2
core algorithm

output_
contrals.mrd

graphics of
RMA structures

survey miRDeepd
performance for
cut-offs -10to 10

~

SUTVEY.CEY

-

integrate and
convert to graphics

table of known
and novel miRNAs

indata
read miRDeep score]  links to
signatures breakdowns databases

Existing software

Solexa output
(fa, seq.txtor
_gseq.txt)

e————

reads.fa

Quantifier

map reads

against precursors

table of known
mifNAs in data

graphics of read
AMNA structures,  signatures

miRDeep2

3'adapter

sequence (seq) genome.fa

test format
of input files

-

remove adapters
and process reads

map reads
against genome

reads_vs
genome.arf

known mature
miRMAs [ fa)

known precursor
miRMNAs (fa)

test format
of input files

-~ -

map mature mikNAs
V against precursors

- -

mersect
mappings

miRNA read
counts {.csv)

links to
databases



no Existing software
miRDeep & miRDeep2
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The Mapper module
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* Reads processing
— Remove redundancy and keep # occurrences -

(.M, _seqixt o
g sed, i)

I adapter

genome. fa
sequence [seq) -

* Map reads with bowtie
— Bowtie -f-n 0 -e 80 -I 18 -a -m 5 -best -strata

| ] ]
0 mismatch /— A process edh
In the seed : v
2 TIEEEe: Order alignments F s
after the seed from best to worse
il
The size of the L gt penome

Seed is 18nt Do not map
more than 5

reads_vs

reads.fa genome.arf
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The miRDeep2 module

e Scan of both strands from 5' to 3'

upstrearm

5 end —>

Existing software
miRDeep & miRDeep2

l":“lD'«'u'n rEmss s eeesrees reeEee s r e e
miRMAs (fa E
I i |
reads_vs
gename.fa reads.fa genomest

et forrmat
of inguut files

excise patentsal
mulRNA ErecurLom
from genome

precursors.fa

L

miag reads predict RNA
agaandt potentual sTruCTures with SLDiliny prvaiaes
miRNA precursors | ANAfold ) with randtold
\

signaturearf PrECUrsors.str

dowmstream

3I end miRDeepl (

core algorithm

| output
ouiputaned controls.mod

s.Jn-z'y "'lFl.Dcnl:J

performance for

cut nl'": 10t 10
urvey.oiv

Integrate and
convert to graphics

table of known
and novel miRkAs
indata

graphict of résad rifDeEE Lomne links 18
FMA structures sgnatures broakdowns databases
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Existing software
miRDeep & miRDeep2

The miRDeep2 module
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* Scan of both strands from 5'to 3
— Search the best stack of reads (heigth 1 or more) in a
distance of 70nt

upstrearn dowmstream

5 end ] 3" end

70nt

table of known
and novel miRkAs
indata
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Existing software
miRDeep & miRDeep2

The miRDeep2 module
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* Scan of both strands from 5'to 3
— Search the best stack of reads (heigth 1 or more) in a
distance of 70nt
— Excise potential precursors on both sides

upstrearn dowmstream

5 end ] 3" end

< PP < - >
20 ~20 70
- 70 >$™

table of known
and novel miRkAs
indata
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Bioinfo Existing software
miRDeep2

The miRDeep2 module i | p——

* Scan of both strands from 5'to 3
— Search the best stack of reads (heigth 1 or more) in a
distance of 70nt
— Excise potential precursors on both sides
— Go on from 1 nt after the last position excised

* If the number of candidate precursor>50.000, repeat
the process (height of stack=height of stack + 1)

* Prepare the file of precursor signature
— Align reads against precursors (1 MM allowed)
— Align known miRNA against precursors (0 MM allowed)

- Evaluation of candidate precursors
— Fold candidate precursors (RNAfold + Randfold)
* Unbifurcated hairpins
— Score the candidates
 Valid alignment of reads on the precursor
* 60% of nt in the mature part paired

* Estimation of true positives AN S



Bioinfo Existing software
miRDeep2

The Quantifier module
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|dentifies and quantifies known mature miRNA given

— Know mature miRNA

— Know miRNA precursors

Quantifier

test format
af gt fikes

Use Bowtie for miRNA/reads alignment
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Pravisional ID :gi_BOD59864_ref NT_011669.16_HsX_11826_19172

Existing software
miRDeep2

Score total 15.2
Score for star read(s) : 39
Score for read counts - a8 5 U4 c 1)
Score for mfe : 1.6 20 b © ? T € I u N &G ? €
Scare for randfald ; 1.6 B Ty 'J- -J‘ J_ y J—' b '~J— G J' A g— '~J— u J-
Score for cons. seed 0.6 o U
Total read count : 29
Mature read count : 19
Loop read count : o
Star read count : 10
freg.
1
075
0s
025
o Ie
o 22 36 57 lengt
Star Mature
3-  agacuuCauAuCagAlUCUCATCUGaAACTCAUgaACUCULTAATCTUCAggATUNg oA Tuguoouaagduuduugaguugugoaulucugggcauduc
ARSI ALO S FAUUCU 08 OS TS ST R TR - - 11 & UL C AW S T e AU e
P R O O RN & 1 S A o A - IR RN R RS R RN O R R RIS R R I R R B )
................................... B LT~
................................... B LT~ L
................................... B LT 1=
...................................................................... RGNS CRARTTIITIEIGEGE « + « e e
...................................................................... CRGUECHARGTFRTUEIGEGE + « « 1 e e na e
N - - - - - N N N . CUUCCUARTIUTUEIGEGUERA L L - ..o

e SUQUECHAAgEEUGUUgGAgURT

- . SUgUEesUAAGIIRUIGAGULG . .
e L GRCUCUUCAACCUCAGTASENGE . . . .

- - - - L USUUCEACCUCAGEESUENGOR . L L L - -
................................... VUL CAATCUCATTRTEITIAR L | - o Lottt e e a e e iaaeieaaa e
...................................................................... CUGUSCUART T UTUEGRTUL . © o e e e e
...................................................................... CUGUOCUASGITUTUIGATULG - « -« o oo ea e
...................................................................... cuguocnasgouguagaguall. L L.
...................................................................... CUTUCCUAATTEUTURGRTUIR - « o0 v v v vman e
................................... BCUICRACCTCRGGRTIIIGE .+« + -« s e s e e e e s et e e e e e e e ke ma e
................................... B e

- - - - e UCULCARCCUCAGEASTIGEAR . o« « o 0 o v e e e e e e e e e e e e e e e e e e

. . COQUCCORagET UG gD ,

- EUGUECUARGFEUTUIGEFUNG . . - .

G—C—A

.,i | J

-3 oha
axp

reads

1

1

2

2

4

1

1

1

1

1

1

2

1

1

2

1

1

1

2

2

u»-:'bl'b:'bbl’:la

e e -aa

a8 - o o

sample
NL2

EREEREE

HL3
HL3
HL3
HL3
HL3

HL3

HL1
MLl
HL1
HL1
ML1



Midi-Pyrénées

o
=
g
E
E
5
=]
@
5
B
o
o

EXxercice:

— Back to miRdeep2-core
results
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Y small RNAseq pipeline
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with reference

New miRNA "~ Known miRNA
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bioinfo

 Useful databases:

— miRbase (http://microrna.sanger.ac.uk/) K=&z2

 miRBase::Registry provides names to novel miRNA genes prior
to their publication.
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« miRBase::Sequences provides miRNA sequence data,
annotation, references and links to other resources for all
published miRNAs.

 miRBase:: Targets provides an automated pipeline for the
alaaeal targets for all published animal miRNAs.

—— } cvn DIS2—DI57  Nucleic Acids Research, 2011, Vol. 39, Database isswe Published online 30 October 2010
; M doi: 10,1093 nar/gkg 1027

_ miRBase: integrating microRNA annotation and
deep-sequencing data

Ana Kozomara and Sam Griffiths-Jones*

Faculty of Life Sciences, University of Manchester, Michael Smith Building, Oxford Road, Manchester,
M13 9PT, UK


http://microrna.sanger.ac.uk/

Y Annotation

bioinfo

 Useful databases:

— miRbase (http://microrna.sanger.ac.uk/) K=&z2
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— Rfam (http://rfam.sanger.ac.uk/)

e A collection of RNA families
— Rfam 10.1, June 2011, 1973 families
« Atrack now included in the UCSC genome browser

» Be careful: also contains (not all) miIRNA families

DI36—DI40 Nucleic Acids Research, 2009, Vol. 37, Database issue Published online 25 October 2008
doi: 10. 1093 nar/ghkn766

Rfam: updates to the RNA families database

Paul P. Gardner'*, Jennifer Daub’, John G. Tate', Eric P. NawrockiZ,
Diana L. Kolbe?, Stinus Lindgreen®, Adam C. Wilkinson', Robert D. Finn',
Sam Griffiths-Jones®, Sean R. Eddy®? and Alex Bateman'

"Wellcome Trust Sanger Institute, Wellcome Trust Genome Campus, Hinxton, CB10 1SA, UK, “Howard Hughes
Medical Institute, Janelia Farm Research Campus, Ashburn, Virginia, USA, “Center for Bioinformatics, Department
of Biclogy, University of Copenhagen, Ole Maaloes Vej 5, DK-2200 Copenhagen N, Denmark and “Faculty of Life
Sciences, The University of Manchester, Manchester M13 9PL, UK


http://microrna.sanger.ac.uk/
http://rfam.sanger.ac.uk/
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 Useful databases:

— miRbase (http://microrna.sanger.ac.uk/)
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— Rfam (http://rfam.sanger.ac.uk/)

— Silva (http://www.arb-silva.de/) Sttvaii

« A comprehensive on-line resource for quality checked and
aligned ribosomal RNA sequence data.
— SSU (16S rRNA, 18S rRNA)
— LSU (23S rRNA, 28S rRNA)

TIBE-7I196 Nucleic Acids Research, 2007, Vol. 35, No. 21 Published online 18 October 2007
doi: 101093 nar/gkm864

SILVA: a comprehensive online resource for quality
checked and aligned ribosomal RNA sequence data
compatible with ARB

Elmar Pruesse1’2, Christian Quast1’3, Katrin Knittel‘*, Bernhard M. Fuchs"',
Wolfgang Ludwig®, Jérg Peplies® and Frank Oliver Gléckner'->*

"Microbial Genomics Group, Max Planck Institute for Marine Microbioclogy, University Bremen, Center for
Computing Technologies, D-28359, ®Jacobs University Bremen gGmbH, D-28759, “Department of Molecular
Ecology, Max Planck Institute for Marine Microbiology, D-28359 Bremen, “Department for Microbiology,
Technical University Munich, D-85354 Freising and ®Ribocon GmbH, D-28359 Bremen


http://microrna.sanger.ac.uk/
http://rfam.sanger.ac.uk/
http://www.arb-silva.de/
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 Useful databases:

— miRbase (http://microrna.sanger.ac.uk/)
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— Rfam (http://rfam.sanger.ac.uk/) |
— Silva (http://www.arb-silva.de/) Sttvaii
— GtRNAdDb(http://gtrnadb.ucsc.edu/) | +I—

« Contains tRNA gene predictions made by the program
tRNAscan-SE (Lowe & Eddy, Nucl Acids Res 25: 955-964,
1997) on complete or nearly complete genomes.

« All annotation is automated and has not been inspected
for agreement with published literature.

Published online 4 November 2008 Nucleic Acids Research, 2009, Vol. 37, Database issue D93-D97
doi:10.1093/nar/gkn787

GtRNAdb: a database of transfer RNA genes
detected in genomic sequence
Patricia P. Chan and Todd M. Lowe*

Department of Biomolecular Engineering, University of California, Santa Cruz, 1156 High Street, SOE-2,
Santa Cruz, CA 95064, USA


http://microrna.sanger.ac.uk/
http://rfam.sanger.ac.uk/
http://www.arb-silva.de/
http://gtrnadb.ucsc.edu/
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 Reads with multiple annotation
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eukaryotic-tRNAs U LSURef_108_tax_silva_trunc : 707

eukaryotic-tRNAs U SSURef 108 tax silva_trunc : 1230

LSURef 108 tax silva_trunc U SSURef 108 tax silva_trunc : 11385

eukaryotic-tRNAs U LSURef 108 tax_silva trune U SSURef 108 tax sihva_ftrunc : 293

Bl eukaryotic-tRMAs_28964
[l LSURef_108_tax_silva_trunc_ 103453
B SSURef 108_tax_silva_trunc_ 68387
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tRANA-rRMNA U Rfam T :97673

tRMNA-rRNA U hairpin_T : 6196

Rfam T U hairpin_T : 45359

tRMNA-rRNA U Rfam T U hairpin_T : 3604

tAMA-rRMNA_187761
B Rfam_T_176398
[l hairpin_T_54535

— A lot of reads annotated with mirBase but also
with tRNA and rRNA dﬁse

e
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Annotation

 rRNA present in miRBase

= - = [ =
T\JUJ-hHLOU"U'\OJHNUTGUTBmUTHLDthUJHLOMWUTW‘HJNMM

497

1140
153
280
286

Mir-739 or 28S rRNA ?

GOCTAGSTGAAGATCTTGETGGT AGTAGCAAAT AT TCARACGAGAACTT TGAAGGOCGAAGTGGAGA
COUTrb (L 0RO UE Dot (R (DUt ) ) D Ak ) )] )0 H) D) ] )] )bk b b ok
GOCTAGETOAAGATCT TGOTGET AGTAG ok e shak ok 4k ook ok ook ok b ok ok oo ook ok ook ook b ook
ek ok TG A GATCT T GETGET AGT AT AU A ok 4 ok ok ook ok b ok ok oo ko o ook ook b ook
ek ok ok bk o A GATICT TGO TGGT AGTAGE AR KT AT TICH: ok ok ok ok ok kb b ook ok o ok ok ok bk

ok ok ok A AT T TGS T OT AGT AT AR AT AT ek e sk sk sk ook ok ook ook oo ok ok ok ok ok
F bk ok A GATCTT GO TOOT ACTAGT AA A% #4 4 4ok ok ok o sk ook ook ook ook ok ok ok ok ok ook
Ak A GATCT TGS T OT AT AT AR AT i o ko ok ok ok ook ook oK ok ok ok o ok
F bk ok A GATCTT OO TOOT ACTAGT AA KT AT ok sk ok ok ok ok ok ok ok ok ok ok ok ok ok
F bk ke ok AT GO TOOT ACTAGT AA AT ATTC AR AT GAGE ok ok ok ok ok ok ok ok ok ok ok
H AR GTGOT ACTAGT AA AT AT TC AR AT GA GAEH o ok ok ok ok ok Kok Aok A
F bk ke ek ek kA TGOT AGTAGC AA AT ATTCAS ACGAGE AT ok ok ok ok ok ok ok ok ok
ko ko ke ek kA TGOT AGTAGC AR AT ATTC AR ACGA G ok ok ok ok ok ok ok ok ok ok ok
A AR AR R RSk T AT 0 A AT AT A A o S8, ok ook ook ook ook ook ok bk ke ok ke
b ko ek ek kA TGOT AGTAGC AR AT ATTC AR ACGAGE A Ak ok ok ok ok ok ok ok ok ok
b ok ok sk ek ok G ET ACTAGT AA AT ATTC AR AT GACH b ok ok ok ok ok ok ok ok ok ok
A AR R RS ook S T AT AT A AT AT T AL AT O o Ao sk sk sk skl ook ok ook bk ok
st kb ok ok sl ook ook ook ook ok (ST ST AT A AT AT T AL A G ol Aok ok ok ok ok ok bk ok ok ok
A A sk ook ook ST AT AT AR AT AT T AR AT G Gk sk ok ok ok ok ok ok ok ok ok
A A AR R RS S T AT 0 A AT AT T A A o S, AT o sk ook sk skl ook ok ook ook ok
A A ok R AGTTA GO AR AT AT T A AT GA A ACTT ok ok ok ok ok ok ok ok ok
A A sk sk ook T AT T AR AT AT T A AT G (A ok ook ook ok ok ok ok ok ok ok ok
b A Sk sk ook T AT T AR AT AT T A AT A (A AT ok ok ok ok ok ok ok ok ok
A A A S ko ok T AT AT AR AT AT T AR AT GA G AT ok ook ook ok ok ok ok ok ok
A b A o oo sk sk ook ook T T AT A AT AT T AL AT GO (G ook ook ook ok ok ok ok ok ok ok ok
b ok ok sk ok ok T ACT AGT AA AT ATTC AR AT GAGA AT ok ok ok ok ok ok ok ok ok
A A S ko ok T AT AT AR AT AT TC AR ACGA G AT ok ok ok ok ok ok ok ok
A A S ko ok T AT AGC AR AT AT TC AR ACGA G ACTTTH 3K ok ok ok ok ok ok ok
b ok ok sk ok ok ok T A GC AR AT AT TC AR AT GAGE AT ok ok ok ok ok ok ok ok ok
A A A ok A GTTA GO AR AT AT TC AR ACGAGEACTT 4 # k k ok Hok ok 4k
b ok ok sk ko ok ek AT AGC AA AT AT TCAA ACGAGAACTT T fok ok ok ok ok ok ok
b o ok sk ok ok ok BT A T AR AT AT TC AR ACGAGAFH ok ok ok ok ok ok ok ok ok ok
A AR R RS S Sk BT T A AT T A A S, sk ook sk sk ook ook ook ok ok
b o o sk ok ok ok AT A GC AR AT ATTC AR ACGAGE AT ok ok ok ok ok ok ok ok ok
b o o o sk ok ok o RO AGT AA AT ATTC AR ACGAGE ACTH ok ok ok ok ok ok ok ok ok
St AR R RS S Sk h TC A AT ATTT A AT O o A ook ook ook ook ok bk ke ok ke
ke kbl ok sl sook ook ook bk kb ST A A AT AT T A AT O ol AT ook ok sk ook ook ook ok ok ok
b A o sk sk ook ok o R AT AA AT AT T AR AT GA G ACTT T ok ok ok ok ok ok ok
St bR R RS S Sk h TC A AT AT A AT O o AT ok sk sk sk sk ook ook ok ok
A A A S ok ok o G AT AR AT AT TC AR AT GA G ACTT T A ok ok ok ok ok ok ok
A A A o oSk Sk sk ok o T 0 A AT AT T A AT G A AT ook ok ook ok ok ok ok ok ke
A A A oo sk Sk sk ok o T 0 A AT AT T A AT A A AT T TS ok ok ok ok ok ek ok ok
A A A A A S S Sk K T 0 A AT AT T A A A A AT T TS AR ok ok ok ok ok ok ok
A A A S S S ok K T 0 A AT AT T A AT G R AT o ook ook ook oo ook ok ok ok ok
b o ok sk sk sk ok o T G0 AR AT AT TC AR ACGAGE AT ok ok ok ok ok ok ok ok ok
A A A A S S S K T 0 AR AT AT T A AT GAGA AT T TS A ok ok ok ok ok ok ok
A A A S S S K K K T A T AT T AR AT GA G AT T Ak ook ook ook ok ok ok ok
b o ok sk ok ok o kRGBT ATTC AR ACGAGA ACTT TG ARKE ¥ Hok dok dok ok ok
A A A S A G A A AT AT TC AR ACGAGA ACTT TGARGH #4344k Kok ok ok

A o o sk s ko kR R AT GAGAACTT TO AR GG OCGAAGT GG +4
St bR R oSSk S kS kOl ok AT GAGAAC T T T AR CCCCGA AGTEH# 4ok
ek ok ok s sk sk sk ok sk ok ok ko e k ACGAGAACT T T GAAGGE O AACT GGAGA
ek ok ok s sk sk sk ok sk ok ok ko o  k ACGAGAACT T T GAAGGECG AACT GO A *
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Search
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MI0010704 pvu-MIR166a 13 51 78 1.5
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MIO00
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miRBase

Browse [| Help | Download | Blog Submit

Sequence search results

Matches for your nucleotide sequence

2527 mdo-mir-739 73 18 85 331 de-21
5608 cin 12 36 29 53 89 0.18
1408 cbr-mir-240 25 57 76 84 0.47
1580 dme-mi 16 64 17 65 74 3.2

1408 cb 38 73 29 64 72 4.7

Terminé

Query: 6-73 mdo-mir-739 : 18-85 score: 331 evalue: 1e-21
Userseq 6 73
FEUE R R R R e e e e e e e e e e e e e e e e e e e ey *
ndo-nir-739 18 85
Query: 12-36 cin-mir-4057 : 29-53 score: 89 evalue: 0.18
UserSeq 36 gaucuuggugguaguagcasauauu 12
FRUEEETTET Peenerny
cin-mir-4057 29 gaucuuggugaaaguagcaaacacu 53
Query: 25-57 cbr-mir-240 : 76-108 score: 84 evalue: 0.47
Userseq s57 25
(LR [
cbr-mir-240 76 108
Query: 13-51 pvu-MIR166a : 184-222 score: 78 evalue: 1.5
Userseq ucuuggL Jat uug 132
(L R N e R N I R ARy
pvu-MIRLE6a 184 222 =

Alignment of Query to hairpin miRNAs

>Cref NR 003287 2 @ Homo sapiens RNA,

Length=507
GENE I
(1 or

Score

Identi

Strand=
Query
Sbjct
Query
Sbjct

28S ribosomal 1 (RN28S51),

D: 100008589 RN28S1 | RNA, 285 ribosomal 1 [Homo sapiens]

fewer PubMed links)

= 122 bits (66), Expect = 6e-28

ties = 68/69 (99%), Gaps = 0/692 (0%)

Plus/Plus

5 AGGTGAAGATCTTGGTGGTAGTAGCAAATATTCAAACGAGAACTTTGAAGGCCGAAGTGG G4

2341 ASHHSASMEHELELASALLAAARHLAALEASAAAHH EAMLELLEAMAES 2400
AGAAGGGTT

ALAALLLH

2401 2409

ribosomal RNA
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#seq ¢ i eukaryotic-tRNAs b hairpin_ T LSURef_108_tax_silva_trunc - Rfam_T % SSURef 108_tax_silva_trunc C§ SupportedBy % i Total ¢ s 1 uT21 ¢ s 1 uT2 ¢ s 1 uTd ci
seqbB1297 #1189 3 0 oan-mir-20a-1 ¥54512.4749.8508 RFODDS51;mir-17;AAPND1282049.1/1987-2067 0 1 i 189 0 0 189 3
seq299078#2%304 i 0 mmu-mir-5105 V01270.3862.8647 RFO1960;55U_rRNA_eukarya; AAYZ01438197.1/1-1685 0 i 2 3 304 165 o 0 i
seq610618 #2267 o sha-mir-5105 VD1270.3862.8647 RFO1960;55U_rRNA_eukarya; AAYZ01438197.1/1-1685 i D2 o267 102 0 0 :
seql35357584%218 3 0 mmu-mir-5105 U34342.1.3663 RFO1960;55U_rRNA_eukarya; AAYZ01438197.1/1-1685 0 3 4 i 218 £ o 17 3
seq1353506 #4#550 ; 0 mmu-mir-5105  U34342.1.3663 RF01960;55U_rRNA_eukarya; AAYZ01438197.1/1-1685 0 4 550 161 0 183
seq2060361#3%113 0 mmu-mir-5105 U34342.1.3663 RFO1960;55U_rRNA_eukarya; AAYZ01438197.1/1-1685 0 3 3 3 113 55 o 15 3
seq2060376#4%266 3 0 mmu-mir-5105 U34342.1.3663 RFO1960;55U_rRNA_eukarya; AAYZ01438197.1/1-1685 0 3 4 i 266 97 3 56 3
seql163251#5#342 i 0 mmu-mir-5105 U34341.1.3576 RFO1960;55U_rRNA_eukarya; AAYZ01438197.1/1-1685 0 i 5 3 342 96 2 116 i
seql353595#5#239 3 0 mmu-mir-5105 U34341.1.3576 RFO1960;55U_rRNA_eukarya; AAYZ01438197.1/1-1685 0 3 5 3 239 57 4 111 :
seql353600#5#759 3 0 mmu-mir-5105 U34341.1.3576 RFO1960;55U_rRNA_eukarya; AAYZ01438197.1/1-1685 0 3 5 ‘ 759 170 29 247
seq2060374#4%113 i 0 mmu-mir-5105 U34341.1.3576 RFO1960;55U_rRNA_eukarya; AAYZ01438197.1/1-1685 0 3 4 3 113 25 0 62 i
seqd01616#3%139 3 0 mmu-mir-5105 U34341.1.3576 RFO1960;55U_rRNA_eukarya; AAYZ01438197.1/1-1685 0 3 3 139 54 o 0 3
seq577112#44524 o mmu-mir-5105  U34341.1.3576 RFO1960;55U_rRNA_eukarya; AAYZ01438197.1/1-1685 i 4 524 146 0 203 :
seql748431 845548 i 0 cfa-mir-185 U34340.1.3432 RFO0177;55U_rRNA_bacteria; EU328070.1/1-1479 EU328070.1.1479 3 4 3 548 232 o 92 i
seq345104 45102 3 0 oga-mir-1617 HOB856851.1.2611 RFODD90;SNORA74; CAAED1008763.1/14090-14288 0 i 4 3 102 25 0 20 3
seqd1650#5%523 : 0 sha-mir-716a HOB856851.1.2611 RFO0001;55_rRNA; ABIMO1036847.1/2163-2281 0 3 5 i 523 258 2 34 3
seq709529%5%#160 % 0 hsa-mir-4792 GU372691.11134.15878 RFO0100;75K; AANND1516090.1/17881-17571 0 3 5 3 160 23 1 B0 i
seq257457#2#119 0 sha-mir-716b G0424316.1.1993 RFODD01;55_rRNA;AARHD1008767.1/1334-1421 0 2 118 ] 0 106
seq71B037#44193 o mmu-mir-5102  FP929060.89.2972 RFO0028;Intron_gpl;EU352794.1/2419-2809 i L4 193 39 0 86 :
seq53378#5%144 i 0 mmu-mir-677 FP565809.564563.566970 RF01960;55U_rRNA_eukarya; AMQRO1407656.1/1-1561 AF198113.1.1740 i 5 3 144 43 3 56 :
seql32B8312#4%393 3 0 ata-MIR172 FI966040.1.2409 RFOD100;75K; AAQQD1276673.1/1502-1765 CABZ01109011.107.1605 3 4 i 393 155 24 0 ‘
seql32B32684%142 3 0 ata-MIR172 FI966040.1.2409 RFO0306;sn0Z178; AAZX01013617.1/1306-1470 CABZ01109011.107.1605 : 4 i 142 52 B 0 3
seqdB7403 #4645 i 0 ata-MIR172 FI966040.1.2409 RFOD306;snoZ178; AAZX01015218.1/4829-4668 U94741.1.2950 4 3 645 226 4 0 i
seqdB7443#4%169 3 0 shi-MIR396¢c FI966040.1.2409 RFO0100;75K; AAKNO2002849.1/102766-102498 CABZ01109011.107.1605 i 4 3 169 69 2 0 3
seql32B8328#5#144 3 0 smo-MIR1082a FI966040.1.2409 RFO0306;sn0Z178;AC114644.10/510594-51230 CABZ01109011.107.1605 3 5 3 144 52 11 5 3
520653494 #4168 i 0 mmu-mir-5102 F1605292.1.3569 RF01960;55U_rRNA_eukarya;CABB01000342.1/31007-29320 0 3 4 i 168 53 o 34 i
seqbBEO09#5#164 i 0 rov-mir-rLi-8 F1424422.1.2497 RFO1960;55U_rRNA_eukarya; Z83748.1/1-1822 GO352554.1.1846 i 5 3 164 6 4 140 3
seql32B8311%#5%316 0 ata-MIR172 F1360703.1.2869 RFO0009;RNaseP_nuc;AC102108.12/162476-162168 CABZ01109011.107.1605 3 5 3 316 B0 24 6 3
seqbb67010#4%118 3 0 mmu-mir-5102 FI040535.1.4142 RFO0DD28;Intron_gpl; EU352794.1/2419-2809 0 3 4 i 118 42 0 ] i
seql32B8321#4%323 i 0 osa-MIR408 EU921138.1.2387 RFO0306;sn0Z178; AAZX01015218.1/4829-4668 CABZ01109011.107.1605 i 4 3 323 o1 23 0 3
seqdB7405#4#315 0 smo-MIR1082a EU921138.1.2387 RFO0306;sn0Z178;AASC02015737.1/1625-1475 CABZ01109011.107.1605 4 315 124 3 0
seql46153585#1418 i 0 hsa-mir-4700 EUB75585.109747.113671 RFO0002;5_85_rRNA;AJ270036.1/1-105 DM4B6508.4754.6504 3 5 1418 412 45 476 ‘
seqlB61043 845142 3 0 hsa-mir-4700 EUB75585.109747.113671 RFODD02;5_85_rRNA;AF342795.1/144-287 AC211391.79568.81654 : 4 3 142 61 0 ] 3
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EXxercice:

— Annotation
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