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Next-Generation Sequencing



Massively Parallel Sequencing technologies

454 Life Sciences / Roche 1 million reads

(FLX Titanium Series) 400 bp
Solexa / lllumina 40 million reads
(Genome Analyzer) 35 bp
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| , - Applied Biosystems 70 million reads
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355,453 reads

|

map reads to genome (segemehl)
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Cluster reads
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783,052 clusters
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Interesting

Clusters
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dicer cleavage




Sequencing reads

miRNA Mature
pre'cursor miRNA Loop

- »3'5,:’3

Star sequence

Dicer cleavage Deep sequencing

Non-miRNA products
Non-miRNA ~——— Sequencing reads

local hairpin \ —
—> —>
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Non-Dicer processing Deep sequencing
or degradation
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hairpin stability




CCCCCCCCCCCCCCCCCCCCC. CCCCCCccoo INMMMMMINNN))
-ACCCEECCCCCCCCCCCCCCCCCCC-CCCCCCCCCCC. IMMMMMIMNNINN-NN D))
(- CCCCEECC CCCCCCCCCCCCCCCCC CCCLCCCCCCC- DI DD P)-)...)
eeeo (L CCCRECCACCCCCCCCCCCCCCCC CCCCCCCCCCC DM DN D)) D))
{(C—— (- LOCCCCCCCCCCCCCCCCCCC CCCCCCCCCoe DM DI -eveec D)

Stable hairpin structure

(CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCoe IMMMMMMNNINN)-D))
-ACCEECCCCCCCCCCCCCCCCCC CCCCCCCCCCC DI DNN).)
(- CCCCEECC CCCCCCCCCCCCCCCCC CCCLCCCCCCC- DIMMINMMMMNINID- DN P)-)....)
eee (CCCCCCCCCCR e DD CCCCC CCCCCCCCCCC DDMMMMMMNDICC- DI - D))

------- (CCCCELOCOEEoee DD CCCCCCCCCCCCCCCDDMMMMIMMN) (- JI) —- DI-CLC-D)

~N
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No stable hairpin

P-value: 4e-7






Predefined clusters of
sequencing reads
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Annotated ncRNAs

Repetitive elements

Clusters in not yet annotated
regions

a)

N

potential Dicer cleavage -> keep

b)
200 ;46‘2

non-Dicer cleavage or degradation -> reject
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stable hairpin -> keep
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no stable hairpin -> reject

New
microRNA



RNAmicro tripletSVM

Recall of known Recall of known

microRNAs (chrom1): microRNAs (chrom1):
~50% ~66%

New candidates: 46 New candidates: 41

A inter ‘ inter
intron intron

M exon M exon

splice-site splice-site




Example of novel microRNA
candidate



TAGGACTCATATAGTGCC
TAGGACTCATATAGTGCCAG
TAGGACTCATATAGTGCCAGGT
TAGGACTCATATAGTGCCAGGT
ATAGGACTCATATAGTGCCAG
ATAGGACTCATATAGTGCCAGGT
ATAGGACTCATATAGTGCCAGGT
ATAGGACTCATATAGTGCCAG
ATAGGACTCATATAGTGCCAGG
ATAGGACTCATATAGTGCCAGG
ATAGGACTCATATAGTGCCAGGTGT
ATAGGACTCATATAGTGCCAG
ATAGGACTCATATAGTGCCAGGT
ATAGGACTCATATAGTGCCAGGT
ATAGGACTCATATAGTGCCAGG
ATAGGACTCATATAGTGCCAG
ATAGGACTCATATAGTGCC
ATAGGACTCATATAGTGCCAGGT
ATAGGACTCATATAGTGCCAGGT
ATAGGACTCATATAGTGCCAGG
ATAGGACTCATATAGTGCCA
AGACACTATACGAGTCATAT ATAGGACTCATATAGTGCCAGG
GCCAGACACTATACGAGTCATATAAGGGAAGGCATTATAGGACTCATATAGTGCCAGGTGTTT

CCC COCCOCC COCCC- CCCCCaCeeeee)e)))))e))))))))IN))))))-))




AGACACTA

AA A
~T-TCCC-TAAAG GCC G CACTATA GAGTC TA
LR PR e e e T
TTATCACAGGGTGTTTT TGG C GTGATAT CTCAG ATATT
G AC A G A

TGTGGACCGTGATATACTCAGGAT
GTGGACCGTGATATACTCAGGAT
TGGACCGTGATATACTCAGGAT
TGGACCGTGATATACTCAGGAT
GACCGTGATATACTCAGGATA
TGGACCGTGATATACTCAGGATA
TGGACCGTGATATACTCAGGATA
GACCGTGATATACTCAGGATA
GGACCGTGATATACTCAGGATA
GGACCGTGATATACTCAGGATA
TGTGGACCGTGATATACTCAGGATA
GACCGTGATATACTCAGGATA
TGGACCGTGATATACTCAGGATA
TGGACCGTGATATACTCAGGATA
GGACCGTGATATACTCAGGATA
GACCGTGATATACTCAGGATA
CCGTGATATACTCAGGATA
TGGACCGTGATATACTCAGGAT
TGGACCGTGATATACTCEA
GGACCGTGATATACT




Outlook

microRNA detection:

* new machine learning approach
* new features

ncRNA Classification:

* using locaRNA to search for similar structures as tRNA, snRNA, etc.
* include preprocessed genome-wide predictions for snoRNAs and
SsnRNAs, etc.



New machine learning approach
for Deep-Sequencing data

Features:
-Structure
-Energy
-Loop
-5“and 3 Stems
-Bulges
-Position of reads
-Dicer cleavage (2nt overhang, valid products)
-Distance to loop
-Cluster size (shifted reads)
-Hairpin stability
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microRNA detection:

* new machine learning approach
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ncRNA Classification:

* using locaRNA to search for similar structures as tRNA, snRNA, etc.
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