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C. elegans lin‐4 (Lee R et al. 1993)
let‐7 (Reihhart et al. 2000 )

Discovery of Discovery of microRNAmicroRNA
let 7 (Reihhart et al. 2000 )

First miRNA  First miRNA  ‐‐ C. C. eleganselegans linlin‐‐4 in 1993 by Victor 4 in 1993 by Victor AmbrosAmbros & Lee& Lee
lin‐4 causes temporal decreasing in LIN‐14 protein expressed in the first larval stage (L1). 
"Th C h bditi l h t h i li 4 d ll RNA ith ti l t it t li 14"

y fy f

Victor Ambros

"The Caenorhabditis elegans heterochronic gene lin‐4 encodes small RNAs with antisense complementarity to lin‐14".   
CELL (1993)

Second miRNA Second miRNA -- C. C. eleganselegans letlet--7 in 2000 by Frank Slack7 in 2000 by Frank Slack
miRNA might be conservative in organic evolution and plays an important 
role in regulation of organic development. 
“The 21-nucleotide let-7 RNA regulates developmental timing in Caenorhabditis elegans” . NATURE 

Frank Slack

g p g g
(2000)

PubMed entries that reference the term
‘microRNA’, grey

2010
8,500+

miRNAs host genes N l f ll

2012.04
15,884+miRNAs host genes 

and transcription
New class of small 
RNAs in worms

miRNAs and 
fin development

Stem cell division
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Mechanism of Mechanism of miRNAmiRNA RegulationRegulation
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Current Methods for studying Current Methods for studying miRNAsmiRNAs
Northern miRAGE qRT‐PCR Microarrays NGS

Starting 
material

5‐25 μg 1mg 1‐10ng ~5μg 1‐10μg

Sensitivity Low Low High Moderate High

Specificity Low Low High Moderate High

Dynamic
Range

~2 logs presence/
absence

7 logs < 4 logs Broad range

Time to Several Several days Hours Several days 3 daysTime to 
results

Several
days

Several days Hours Several days 3 days

High
throughput

No No No Yes Yes
throughput

Novel miRNA
identification

Yes Yes Yes No Yes

Reliably 
distinguishes 
mature 

Yes No Yes No Yes

miRNA from 
precursor
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168 species

SOLiD
Solexa

5 species

454

2002 2005 2006     2007 2011



NGS Validated miRNAsNGS Validated miRNAs

73% Experimental Validated ( ~50% NGS )

27% P di ti O l27% Prediction Only

6



80%
15bp

Adapted from CLC User Manual

adaptor



Analysis Tools for smallAnalysis Tools for small--RNA Deep Sequencing RNA Deep Sequencing 
LINUX/UNIX BASED TOOLS
miRDeep Discovering microRNAs from deep sequencing data
Nature Biotechnology (2008) 26 (4), pp. 407-415 
MIRExpress: Analyzing high-throughput sequencing data for profiling microRNA expression 
BMC Bioinformatics (2009) 10, art. no. 1471, pp. 328 .
SeqBuster, a bioinformatic tool for the processing and analysis of small RNAs datasets, reveals ubiquitous 
miRNA modifications in human embryonic cells. 
Nucleic acids research (2010) 38 (5), pp. e34 
MIReNA: Finding microRNAs with high accuracy and no learning at genome scale and from deep 

i d tsequencing data 
Bioinformatics (2010) 26 (18), art. no. btq329, pp. 2226-2234
MiRNAkey: A software pipeline for the analysis of microRNA Deep Sequencing data.
Bioinformatics (2010) Aug 27

WEB-BASED TOOLS
miRCat: A toolkit for analysing large-scale plant small RNA datasets.
Bioinformatics (2008) 24 (19): 2252-2253 Application Note
miRanalyzer: A microRNA detection and analysis tool for next generation sequencing experimentsmiRanalyzer: A microRNA detection and analysis tool for next-generation sequencing experiments 
Nucleic Acids Research (2009) 37 (SUPPL. 2), pp. W68-W76 
DSAP: deep-sequencing small RNA analysis pipeline
Nucleic Acids Research. (2010) 38(Web Server issue): W385–W391.
mirTools: microRNA profiling and discovery based on high-throughput sequencingmirTools: microRNA profiling and discovery based on high throughput sequencing
Nucleic Acids Research. (2010) 38(Web Server issue): W392–W397
miRanalyzer2: an update on the detection and analysis of microRNAs in high-throughput sequencing experiments
Nucleic Acids Research. (2011) 39 (11)

Commercial TOOLS
CLC Genomics Workbench, Genomatix, InteRNA, Partek, and
Avadis NGS 8



Comparison ofComparison of small RNA Analysis Toolssmall RNA Analysis Tools

Tools miRanalyzer miRExpress miRDeep DSAP CLC Avadis NGS

Version v1,v2 v1, v2 v1, v2 5.1

No-limit on Data size ✔ ✔ ✔ ✔ ✔

47% 53%

No-limit on Organisms 11, 36 species ✔ Genomic seqs required ✔ ✔ ✔
Classification of miRNA ✔ ✔ ✔ ✔ ✔ ✔
Classification of small RNA ✔ ✖✔ ✔ ✔ ✔
Phylogenetic distribution of miRNAs ✔y g

Quantification (DGE) ✖✔ ✔ ✖✔ ✔ ✔ ✔
Novel Small RNA Discovery ✔ ✔ ✖✔ ✔ ✔
miRNA Target Analysis ✖✔ ✔
Go Analysis ✖✔ ✔ ✔

Release 18.0 (11 Nov 2011)

Go Analysis ✖✔ ✔ ✔

168 species 

WITHOUT
f
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http://dsap.cgu.edu.tw



WorkflowWorkflow
ClClean up
↓
Clustering
↓
ncRNA matching 
(Rfam V10 1 )(Rfam V10.1 )
↓
Known miRNA Matching
(miRBase V18)
↓
Comparative miRNAomicsp



DSAP  Data Input PageDSAP  Data Input Page



DSAP runs on a Linux CentOS 64‐bit server housing 
t d I t l® X ® 5300 S i P d

ImplementationImplementation
two quad‐core Intel® Xeon® 5300 Series Processors and 
16 GB RAM. 



DSAP  Data OutputDSAP  Data Output



JOB ID:1234567890

Number of reads: 38,346,007  Number of Tags: 9,783,514

JOB ID:1234567890



NonNon--Coding RNAs Searching Coding RNAs Searching 



miRNAs Searching miRNAs Searching 



IsoIso--miRmiR



CrossCross--species Distribution of Identified species Distribution of Identified miRNAsmiRNAs



CrossCross--species Distribution of Identified species Distribution of Identified miRNAsmiRNAs



Phylogenic Distribution of Identified Phylogenic Distribution of Identified miRNAsmiRNAs



Comparative Comparative miRNAomicsmiRNAomics

non‐normalized

normalized





Comparative Comparative miRNAomicsmiRNAomics by mature by mature miRNAmiRNA



Comparative Comparative miRNAomicsmiRNAomics by by miRNAmiRNA familyfamily

normalizednormalized



PairwisePairwise ComparsionComparsion

P<0.01

0.01<P<0.05



Job Statistics of Comparative Job Statistics of Comparative miRNAomicsmiRNAomics
Over 32 549 requests for

Just passing the 1,000 jobs mark in October, 2010
Over 32,549 requests for
Comparative miRNAomics

NonNon NormalizedNormalizedUser’s own profileUser’s own profile NonNon‐‐NormalizedNormalized
1,121 Datasets

(3.44%)

pp
90Datasets
(0/28%)

NormalizedNormalized
31,938 Datasets,

(96.29%)



Job Statistics by OrganismsJob Statistics by Organisms



DSAPDSAP22
Map2GenomeMap2Genome

Novel miRNA predictionNovel miRNA prediction

isomiR & miRNAisomiR & miRNA
editingediting

>hsa-let-7a-1

TGGGATGAGGTAGTAGGTTGTATAGTTTTAGGGTCACACCCACCACTGGGAGATAACTATACAATCTACTGTCTTTCCTA hsa-let-7a-1 80

(((((.(((..((((((((((((((((...(((.....))).((....))....))))))))))))))))..)))))))) structure -35.6

*****TGAGGTAGTAGGTTGTATAGTT***************************************************** hsa-let-7a 22 isomiRs

********************************************************CTATACAATCTACTGTCTTTC*** hsa-let-7a* 21 5' 3'

..GGATGAGGTAGTAGGTTGTATAG....................................................... t0227878 23 1 -3 -2

....ATGAGGTAGTAGGTTGTATAGTT..................................................... t0006845 23 42 -1 0

....ATGAGGTAGTAGGTTGTATAGT...................................................... t0021457 22 9 -1 -1

....ATGAGGTAGTAGGTTGTATAG....................................................... t0039011 21 4 -1 -2

....ATGAGGTAGTAGGTTGTATAGTTT.................................................... t0165920 24 1 -1 1

.....TGAGGTAGTAGGTTGTATAGTT..................................................... t0000002 22 1043926 0 0

.....TGAGGTAGTAGGTTGTATAGT...................................................... t0000015 21 96011 0 -1

.....TGAGGTAGTAGGTTGTATAGTTT.................................................... t0000044 23 36942 0 1

.....TGAGGTAGTAGGTTGTATAG....................................................... t0000082 20 13528 0 -2

Differential ExpressionDifferential Expression



Novel Novel miRNAmiRNA PredictionPrediction

Soap2genome → RNAfold → Filter → Vienna

Trichomonas Vaginalis
TvE-m0002 Trichomonas_vaginalis_G3|DS113908|2007-01-11|ds-DNA|Trichomonas_vaginalis_Carlton:29154:29248:- 95(nt) -22.00(kcal/mol)
AAATTTGTAAGGGGTGAATGGTATAATGGTTAGTATTGTTGATTGTGGCTCAATAGATCTGTGTTCGATTCACGGTTCACCCACTTTTTTATTTT TvE-m0002 337985
((((....(((((((((((.((..(((.(.(((..(((((((.......)))))))..)))....).))).)).)))))))).)))....)))).
**********GGGGTGAATGGTATAATGGTTA*************************************************************** TvE-m0002-5p 337865
*************************************************************TGTTCGATTCACGGTTCACCCACTT********* TvE-m0002-3p 29
------GTAAGGGGTGAATGGTATAATGGTT---------------------------------------------------------------- Cluster_116016 1
--------AAGGGGTGAATGGTATAATGGTTA--------------------------------------------------------------- Cluster_2927 22
--------AAGGGGTGAATGGTATAATGGTTAG-------------------------------------------------------------- Cluster 2928 8_
---------AGGGGTGAATGGTATAATGGTTA--------------------------------------------------------------- Cluster_14163 4
---------AGGGGTGAATGGTATAATGGTTAG-------------------------------------------------------------- Cluster_14164 2
---------AGGGGTGAATGGTATAATGGTTAGT------------------------------------------------------------- Cluster_14165 1
----------GGGGTGAATGGTATAATG------------------------------------------------------------------- Cluster_102092 447
----------GGGGTGAATGGTATAATGG------------------------------------------------------------------ Cluster_102117 1093
----------GGGGTGAATGGTATAATGGT----------------------------------------------------------------- Cluster 102195 1483GGGGTGAATGGTATAATGGT Cluster_102195 1483
----------GGGGTGAATGGTATAATGGTT---------------------------------------------------------------- Cluster_102237 2981
----------GGGGTGAATGGTATAATGGTTA--------------------------------------------------------------- Cluster_102238 192067
----------GGGGTGAATGGTATAATGGTTAG-------------------------------------------------------------- Cluster_102269 91570
----------GGGGTGAATGGTATAATGGTTAGT------------------------------------------------------------- Cluster_102342 9375
----------GGGGTGAATGGTATAATGGTTAGTA------------------------------------------------------------ Cluster_102343 18014
----------GGGGTGAATGGTATAATGGTTAGTAT----------------------------------------------------------- Cluster 102368 9145----------GGGGTGAATGGTATAATGGTTAGTAT----------------------------------------------------------- Cluster_102368 9145
-----------GGGTGAATGGTATAATGG------------------------------------------------------------------ Cluster_107222 36
-----------GGGTGAATGGTATAATGGT----------------------------------------------------------------- Cluster_107235 59



IsomiRsIsomiRs & & miRNAmiRNA EditingEditing



Job Statistics by CountryJob Statistics by Country



DSAP Mirror sitesDSAP Mirror sites
DSAP @ Chang Gung University
http://dsap.cgu.edu.tw

Mirror site @ Tsing Hua University 
http://dsap.life.nthu.edu.tw

Mirror site @ Beijing Institute of Genomics , 
Chinese Academy of Sciences. 
http://dsap.big.ac.cn

Mirror site @ Hong Kong Polytechnic 
University
http://dsap.polyu.edu.hk



http://dsap.cgu.edu.tw


