
Small RNA Small RNA 
High Throughput Sequencing High Throughput Sequencing 

Analysis IAnalysis Iyy

P. Tang (鄧致剛); PJ Huang (黄栢榕)g (鄧致剛); g (黄栢榕)
Bioinformatics Center, Chang Gung University.



Prominent members of the RNA familyProminent members of the RNA family
Classic RNAs mediating protein synthesis

ll ( )

Non‐coding regulatory RNAs

Small RNAs (20‐30 nt)

Longer non‐coding RNAs (70 ‐ thousands nt)g g ( )

Nature 451, 414‐416(24 January 2008)



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

8500

miRNAs host genes N l f ll

8500+

miRNAs host genes 
and transcription

New class of small 
RNAs in worms

miRNAs and 
fin development

Stem cell division
3



NonNon‐‐coding Regulatory RNAs coding Regulatory RNAs 
siRNAsiRNA microRNA (miRNA)microRNA (miRNA) PiwiPiwi‐‐RNA (RNA (piRNApiRNA))

Formed through cleavage of 
synthetic long double‐
stranded RNA molecules

Processed from long, single‐
stranded RNA sequences that 
fold into hairpin structures

Generated from long single‐
stranded precursors.

Nature 451, 414‐416



Comparison of miRNA study methodsComparison of miRNA study methods
Northerns 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

5



http://wwwmirbase org/

Understand the Reference DatabaseUnderstand the Reference Database
http://www.mirbase.org/

16772 entries 
1220 F ili1220 Families

19724 mature miRNAs 
12187 unique miRNAs 

6
Nucleic Acids Research, 2010, 1–6

71 genome coordinate



142 species

153 species

( 2007) SOLiD

(2006) Solexa

454

5 species

454
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mature.fa
>hsa-miR-3944 MIMAT0018360 Homo sapiens miR-3944 
UUCGGGCUGGCCUGCUGCUCCGG
>hsa-miR-3945 MIMAT0018361 Homo sapiens miR-3945
AGGGCAUAGGAGAGGGUUGAUAUAGGGCAUAGGAGAGGGUUGAUAU
>far-miR159 MIMAT0018362 Festuca arundinacea miR159
UUUGGAUUGAAGGGAGCUCUG
>far-miR160 MIMAT0018363 Festuca arundinacea miR160
UGCCUGGCUCCCUGUAUGCCAUGCCUGGCUCCCUGUAUGCCA

h i i fhairpin.fa
>cel-let-7 MI0000001 Caenorhabditis elegans let-7 stem-loop 
UACACUGUGGAUCCGGUGAGGUAGUAGGUUGUAUAGUUUGGAAUAUUACCACCGGUGAAC
UAUGCAAUUUUCUACCUUACCGGAGACAGAACUCUUCGAUAUGCAAUUUUCUACCUUACCGGAGACAGAACUCUUCGA
>cel-lin-4 MI0000002 Caenorhabditis elegans lin-4 stem-loop 
AUGCUUCCGGCCUGUUCCCUGAGACCUCAAGUGUGAGUGUACUAUUGAUGCUUCACACCU
GGGCUCUCCGGGUACCAGGACGGUUUGAGCAGAU
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Deep Sequencing of smallDeep Sequencing of small--RNARNA
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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. 
N l i id h (2010) 38 (5) 34Nucleic acids research (2010) 38 (5), pp. e34 
MIReNA: Finding microRNAs with high accuracy and no learning at genome scale and from deep 
sequencing data 
Bioinformatics (2010) 26 (18), art. no. btq329, pp. 2226-2234
MiRNAkey: A software pipeline for the analysis of microRNA Deep Sequencing dataMiRNAkey: 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 datasetsmiRCat: 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 experiments 
Nucleic Acids Research (2009) 37 (SUPPL. 2), pp. W68-W76 
DSAP: deep-sequencing small RNA analysis pipelineDSAP: 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 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 experimentsy p y g g p q g p
Nucleic Acids Research. (2011) 39 (11)

14



Comparison of ToolsComparison of Tools

Our goal miRanalyzer miRCat miRExpress miRDeep

Web based ✔ ✔

153 species 
Release 17.0 (11 Apr 2011)

✔ ✔
No‐limit on 
Organisms

✔

l ifi i f

47% 53%

Classification of 
small RNA

Classification of 
miRNA ✔ ✔ ✔

WITHOUT
isomiR alignment ✔
Differential miRNA 

i ✔ ✔

WITHOUT
a Reference genome

expression ✔ ✔

Phylogenic
distribution of 
miRNAs

New miRNA 
prediction ✔ ✔

Target prediction ✔

15

✔



Sample Preparation for small RNA Sample Preparation for small RNA NGS SequencingNGS Sequencing



Sequence name

Data ProcessingData Processing
Sequence name

Sequence name

Quality

Sequence

The data is processed by the following steps: The data is processed by the following steps: 
1) Getting rid of low quality reads1) Getting rid of low quality reads
2) Getting rid of reads with 5' primer contaminants 
3) Getting rid of reads without 3' primer 
4) Getting rid of reads without the insert tag4) Getting rid of reads without the insert tag 
5) Getting rid of reads with poly A/G/C/T/N
6) Getting rid of reads shorter than 16‐18nt ?
7) Summarize the length distribution of the clean reads7) Summarize the length distribution of the clean reads



Which one is the correct distribution?Which one is the correct distribution?



Sequencing Reads Sequencing Reads AAssessmentssessment



Mapping ResultMapping Result



l

Drawbacks Drawbacks for each strategyfor each strategy
Alignment to genome
Computationally expensive
It is never a good idea to simply align HTS data to the genome 
N d li d li t ( h i l di j tiNeed a spliced aligner or a surrogate (such as including exon‐exon junction 
sequences in ‘genome’)

Alignment to transcriptomeAlignment to transcriptome
Reads deriving from non‐genic structures may be ‘forcibly’ (and erroneously) 
aligned to genes
Incorrect gene expression valuesIncorrect gene expression values
False positive SNVs
Many other potential problems

Assembly
Low expression = difficult/impossible to assemble
Misassemblies/fragmented contigs due to repeats/ g g p
Requires vast amounts of memory



http://dsap.life.nthu.edu.tw
http://dsap cgu edu twhttp://dsap.cgu.edu.tw

22



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. 

23



NGS data formatNGS data format Solexa Reads(FASTQ) 35~40+

@HWI-EAS82_3_FC204V1AAXX:2:1:900:453
CGAGGGCCTGGGTTCGAACCCCAGAGTTCGTATGC

Line1:
Line2: CGAGGGCCTGGGTTCGAACCCCAGAGTTCGTATGC

+HWI-EAS82_3_FC204V1AAXX:2:1:900:453
hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh
@HWI-EAS82_3_FC204V1AAXX:2:1:752:642
CGAGTTCTACAGTCCGACGATTCGTATGTCGTCTT

Line2:
Line3:
Line4:

CGAGTTCTACAGTCCGACGATTCGTATGTCGTCTT
+HWI-EAS82_3_FC204V1AAXX:2:1:752:642
hhhhhhhhhhhhhhAhLhhUhhhhghhVChhhdhh
@HWI-EAS82_3_FC204V1AAXX:2:1:890:394
AGTTCTACAGTCCGACGGATCTCGTATGCCGTCTTAGTTCTACAGTCCGACGGATCTCGTATGCCGTCTT
+HWI-EAS82_3_FC204V1AAXX:2:1:890:394
hhhhhhhhhhhhhhAhLhhUhhhhghhVChhhdhh

..

.

.

.

.

.

Line1: sequence identifier
Line2: raw sequence lettersLine2: raw sequence letters
Line3: sequence identifier
Line4: quality values

24



FASTQ converting and Quality filteringFASTQ converting and Quality filtering
10,000,000 reads   (1.2 GB) 

(15 MB)
@HWI-EAS82_3_FC204V1AAXX:2:1:900:453
CGAGGGCCTGGGTTCGAACCCCAGAGTTCGTATGC
+HWI-EAS82_3_FC204V1AAXX:2:1:900:453
hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh
@HWI EAS82 3 FC204V1AAXX 2 1 752 642

Counts Sequence tag
260135  TGGAATGTAAAGAAGTATGTATTCGTATGCCGT
213816  TGAGGTAGTAGGTTGTATAGTTTCGTATGCCGT
151369 TGAGGTAGTAGGTTGTATGGTTTCGTATGCCGT

, , ( )
(15 MB)

Emboss 6 1p1

@HWI-EAS82_3_FC204V1AAXX:2:1:752:642
CGAGTTCTACAGTCCGACGATTCGTATGTCGTCTT
+HWI-EAS82_3_FC204V1AAXX:2:1:752:642
hhhhhhhhhhhhhhAhLhhUhhhhghhVChhhdhh
@HWI-EAS82_3_FC204V1AAXX:2:1:890:394
AGTTCTACAGTCCGACGGATCTCGTATGCCGTCTT

151369  TGAGGTAGTAGGTTGTATGGTTTCGTATGCCGT
115834  TGAGGTAGTAGATTGTATAGTTTCGTATGCCGT
108066  ACAGTAGTCTGCACATTGGTTATCGTATGCCGT
86571   AGCAGCATTGTACAGGGCTATGATCGTATGCCG
69513   TGGAATGTAAGGAAGTGTGTGGTCGTATGCCGT
50634   TGGAGTGTGACAATGGTGTTTGTCGTATGCCGTEmboss 6.1p1

CLC Genomics Workbench
Biopython
BioPerl
BioRuby
FASTQ G

AGTTCTACAGTCCGACGGATCTCGTATGCCGTCTT
+HWI-EAS82_3_FC204V1AAXX:2:1:890:394
hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh
@HWI-EAS82_3_FC204V1AAXX:2:1:892:379
AGTTCTACAGTCCGACGATCTCGTATGCCGTCTTC
+HWI-EAS82 3 FC204V1AAXX:2:1:892:379

48601   ACAGTAGTCTGCACATTGGTTTCGTATGCCGTC
45918   TCTTTGGTTATCTAGCTGTATGATCGTATGCCG
40744   CAGGCTGGTTAGATGGTTGTCTTCGTATGCCGT
37324   TTAAGACTTGTAGTGATGTTTATCGTATGCCGT
35667   TCACAGTGAACCGGTCTCTTTTCGTATGCCGTC

FASTQ‐Groomer
Biopieces
FASTX

+HWI EAS82_3_FC204V1AAXX:2:1:892:379
hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh
@HWI-EAS82_3_FC204V1AAXX:2:1:898:486
GGGGCTGAAGCATAATGGCATTGCTGTCGTATGCC
+HWI-EAS82_3_FC204V1AAXX:2:1:898:486
hhhhhhhhhhhhhhhhhhhhhhhhhRhh`hhhAhU

34836   AATTGCACGGTATCCATCTGTATCGTATGCCGT
31107   AGCAGCATTGTACAGGGCTATCATCGTATGCCG
30241   AACATTCATTGCTGTCGGTGGGTTTCGTATGCA

hhhhhhhhhhhhhhhhhhhhhhhhhRhh hhhAhU

NCBI SRA

FASTQ variants

FASTQ‐Solexa

FASTQ‐illumina 1.3+

NCBI‐SRA

Qphred = ‐10 log10(e)
40 = ‐10 log10(1/10000)
30 = ‐10 log10(1/1000)
20 10 log (1/100)

FASTQ‐Sanger

FASTQ‐illumina 1.3+

FASTQ‐illumina 1.5+

FASTQ‐Sanger

25

FASTQ‐illumina 1.5+

Nucleic Acids Research 2009, Volume38, Issue6 pp.1767‐1771

20 = ‐10 log10(1/100)
e is the estimated probability of a base being wrong



WorkflowWorkflow
 Sequence tags

Data input

 3’ d i i
Clean up

 3’adaptor trimming
 5’ adaptor filtering
 Poly A, T, C, G/N filtering

Clustering
 Unique tags

ncRNA matching     
(Rfam)

Known miRNA matching 
(miRBase)

ComparativeComparative 
miRNAomics

26



Data input
 DSAP Data Input Page

27



Data input
 Job status

123456789

28



 3’ adaptor trimming
Clean up

X
X
C X5’
G X
X X
X X
X X3’
X X
X
X
X

3

X
X
X
X
T 
C
G
T SRA      5’    TCGTATGCCGTCTTCTGCTTG 3’ (21nt)

3’ Adaptor sequences

A
T
G
C

v1.5 5’ ATCTCGTATGCCGTCTTCTGCTTG 3’ (24nt)

29
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Clean up
 3’ adaptor trimming

(Discard) XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX   X*35

(Keep)          XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXTCGTA X*30
(Keep)          XXXXXXXXXXXXXXXXXXXXXXTCGTATGCCGTCT   X*22

30

( p)
(Keep)          XXXXXXXXXXXXXXXXTCGTATGCCGTCTTCTGCT X*16    
(Discard <16nt) XXXXXXXXXXXXXXXTCGTATGCCGTCTTCTGCTT   X*15
(?)             XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXTC X*33



Clean up
 3’ adaptor trimming

 BLASTN 
 Word size : default = 11 for nucleotides

 Smith‐Waterman
 Water (Emboss)
 CLC Cube CLC Cube

 Supermatcher (Emboss)
 Word‐match + Smith‐Waterman
 40,000,000 reads (10,000,000 tags)

→ 20 min

31



Clean up
 5’ adaptor filtering

Supermatcher (Emboss)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX  X*35
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXTCGTA
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX  max: X*30
XXXXXXXXXXXXXXXX                min: X*16

(Discard) Detected 5’adaptor length >=16
CTACAGTCCGACGATCCTACAGTCCGACGATC

GTTCAGAGTTCTACAG
GTTCAGAGTTCTACAGTCCGACGATC

5’Adaptor sequence 

“ACGATC”
can map to 42 miRNAs 

5’GTTCAGAGTTCTACAGTCCGACGATC 3’ (26nt)

32



Clean up
 Poly‐A/T/C/G and N filtering

GGAGGGAGGAAAAAAAAAAA gga miR 1599 Gallus gallusGGAGGGAGGAAAAAAAAAAA gga‐miR‐1599  Gallus gallus
AAAAAAAAAAACUCCCCCCC bta‐miR‐2391  Bos taurus
UGUUGUACUUUUUUUUUUGUUC hsa‐miR‐3613‐5p Homo sapiens
AAGGGGGGGGGGGGAAAGA osa‐miR2919   Oryza sativa
GAGGGCCCCCCCCAAUCCUGU ssc‐miR‐296  Sus scrofa

A*11 
U*10U 10
G*12
C*7

+2~3

C*7

33



Clean up
 OUTPUT

>seq_1 1634277
TAGCTTATCAGACTGATGTTGAC
>seq_2 1240975
TGAGGTAGTAGGTTGTATAGTT
>seq_3 496442
TGAGGTAGTAGGTTGTGTGGTT
>seq 4 243345>seq_4 243345
CAAAGTGCTGTTCGTGCAGGTAG
>seq_5 198215
TAGCTTATCAGACTGATGTTGA

:
:

34



Clustering
 Clustering software

2   GGGAAATGTGGCGTACGGAAGTCGTATGCCGT
2   GGGAAATGTGGCGTACGGAAGTCGTATGCNGTCT
1   GGGAAATGTGGCGTACGGAAGTCGTANGCCGTCT CD‐HIT

 BlustClust

 Perl script

2   GGGAAATGTGGCGTACGGAAG
2   GGGAAATGTGGCGTACGGAAG
1   GGGAAATGTGGCGTACGGAAG

 Perl script

tags

5 GGGAAATGTGGCGTACGGAAG

Unique tags

35



Clustering
 OUTPUT

36



Clustering
 A suggestion from our user

Unique tags

tags

(l h)

37
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ncRNA matching
 Non‐coding RNA database

RNA species composition (444,417 seqs)

38



ncRNA matching
 Alignment parameter

 BLASTN

Blastall F F W 16
rfam.fa
444 417Blastall –F  F   –W 16

Allowing 2 nt mismatches
444,417

 Rfam 9.1_mir_removed   170,020

 Rf 10 i d 360 123

tRNA
others

 Rfam_10_mir_removed   360,123 
(Bottleneck) Mirna

84,294
rRNA

snRNA

snoRNA

360,123

 SOAP
 BOWTIE
 BWA BWA

BlastDB

39



ncRNA matching
 OUTPUT

Sort by Expression level, Name;    Download

40



Known miRNA Matching

mature.fa
19 724

 BLASTN

Blastall F F W 16 19,724

 100% sequence identity and 
cover full length of known

Blastall   –F  F   –W 16

153 species

All species

cover full length of known 
miRNA are retained

 Alignment parameters 
default.fa
12,187

hsa.fa
1733

gga.fa
544

g p
 Blastdb preparation

BlastDB

41



Known miRNA Matching
 DSAP Data input page

153 species

42



Known miRNA Matching
 OUTPUT

Sort by Expression level

Sort by Name

Group by family

hsa‐let‐7a

hsa‐let‐7a*

43



Known miRNA Matching
 isomiR

44



DSAP  Data OutputDSAP  Data Output

Summary of job

45



Summary OutputSummary Output
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Comparative 
miRNAomics

 Single dataset

 C i di t ib ti f id tifi d iRNA Cross‐species distribution of identified miRNAs

 Phylogenic Distribution of Identified miRNAs

 Multiple datasets

 User’s own profile

 mature miRNA mature miRNA

 miRNA family

 Pairwise comparison

 Summary output

47



Comparative 
miRNAomics

 Single dataset
 Cross‐species distribution of identified miRNAs

48



Comparative 
miRNAomics

 Single dataset
 Phylogenic Distribution of Identified miRNAs

49



Comparative 
miRNAomics

 Multiple datasets
 User’s own profile

50



Comparative 
miRNAomics

 Multiple datasets
 mature miRNA

51



Comparative 
miRNAomics

 Multiple datasets
 miRNA family

normalizednormalized

52TPM( Tag Per Million)
Normalized expression = Actual miRNA count/Total count of clean reads*1,000,000



Comparative 
miRNAomics

 Multiple datasets
 Pairwise comparison

miR827

miRNA : zma‐miR827
Sample2‐std : 1431.7193
Sample1‐std : 226.3956
p‐value : 0

l b l **

P < 0.01

miR399c

sig‐label: **

miR399d
miR399e

53

Fold change:  Fold_change=log2(treatment/control)

p‐vaule: The significance of digital gene expression
profiles, Genome Res 7, 986‐995. (1997)



Comparative 
miRNAomics

 Multiple datasets
 Summary output

Attached file is a summary for the analysis. A JOB ID was used to locate the result of DSAP.

Condition1: 130642XXXX (http://dsap.cgu.edu.tw/tmp/1306425777/130642XXXX.html)
Condition2: 130642XXXX (http://dsap.cgu.edu.tw/tmp/1306425839/130642XXXX.html)
Condition3: 130642XXXX (http://dsap.cgu.edu.tw/tmp/1306425881/130642XXXX.html)( p // p g / p/ / )
Condition4: 130642XXXX(http://dsap.cgu.edu.tw/tmp/1306425988/130642XXXX.html)
Condition5: 130642XXXX (http://dsap.cgu.edu.tw/tmp/1306425947/130642XXXX.html)

Detail Information will be provided in a zip file for download For each dataset you will have 12Detail Information will be provided in a zip file for download. For each dataset , you will have 12 
1. boxplot_on_*.png : quality of reads
2. clean.fasta.zip : clean reads after adaptor....
3. adaptor2.png:
4. cluster2.png: (unique sequence tags search results)
5. cluster_length.png: (Unique sequence tags length distribution)
6. Rfam.txt.zip: (ncRNA profile)
7.Rfam.png: (classification of ncRNAs)
8. mir.txt.zip: (miRNA profile)
9.miRNA sort by expression.png_ _ y_ p p g
10.miRNA_sort_by_name.png
11.miRNA_group_by_family.png
12. smallrna.fasta.zip: (un‐annotated sequences)

Differential expression of miRNA (normalized/non‐normalized) among different conditions was group byDifferential expression of miRNA (normalized/non‐normalized) among different conditions was group by
(1) miRNA ( normalized, non‐normalized)
(2) miRNA family ( normalized, non‐normalized )
PS: If you want to change the datasets for comparsion, you can use this web page (http://dsap.cgu.edu.tw/miRNAomics.html) 
and fill in the job IDs.

54

Differential expression of ncRNAs was group by ncRNA:
( normalized, non‐normalized )



Usage StatisticsUsage Statistics

1,000 jobs mark in October, 2010

> 2,000 Datasets uploaded
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Species StatisticsSpecies Statistics
48% of the datasets are Unknown species p
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Job Statistics of Comparative Job Statistics of Comparative miRNAomicsmiRNAomics

NonNon NormalizedNormalizedUser’s own profileUser’s own profile

Over 40,000 requests for
Comparative miRNAomics

NonNon‐‐NormalizedNormalized
1,121 Datasets

(3.44%)

pp
90Datasets
(0/28%)

NormalizedNormalized
31,938 Datasets,

(96.29%)

57



New Concepts on Bioinformatics Analysis PipelineNew Concepts on Bioinformatics Analysis Pipeline



DSAPDSAP22 ModulizedModulized Data ProcessingData Processing

Any combination of 142 species

Tag Format

Adaptor 1, Adaptor 2, Custom Adaptor, No

y f p

Mismatch: 0, 1, 2

Rfam, mature miRNA, miRNA Hairpin
Mismatch: 0, 1, 2
Blast, SOAP, Bowtie, BLAT

Yes, No

Excel, Figure (by small RNA, Family, Haiprin)

by small RNA, Family, Haiprin

Pairwise, Multiple Datasets
Normalized, non‐normalized



DSAPDSAP22 ModulizedModulized Data ProcessingData Processing

Any combination of 142 species

Tag Format

Adaptor 1, Adaptor 2, Custom Adaptor, No

y f p

Mismatch: 0, 1, 2

Rfam, mature miRNA, miRNA Hairpin
Mismatch: 0, 1, 2
Blast, SOAP, Bowtie

Yes, No

Excel, Figure (by small RNA, Family, Haiprin)

by small RNA, Family, Haiprin

Pairwise, Multiple Datasets
Normalized, non‐normalized



DSAPDSAP22 ModulizedModulized Data ProcessingData Processing

Any combination of 142 species

Tag Format

Adaptor 1, Adaptor 2, Custom Adaptor, No

y f p

Mismatch: 0, 1, 2

Rfam, mature miRNA, miRNA Hairpin
Mismatch: 0, 1, 2
Blast, SOAP, Bowtie

Yes, No

Excel, Figure (by small RNA, Family, Haiprin)

by small RNA, Family, Haiprin

Pairwise, Multiple Datasets
Normalized, non‐normalized
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Servers:
IBM eServer 336
Sun V60X server
1U Twin Server
IBM X3850 (128G)
IBMX3850 (256G)
IBM X3550 (512G)

14
10
3
1
1
1 HighHigh‐‐Throughput SequencingThroughput SequencingIBM X3550 (512G)

Dell R815
Storage:
Disk Array (6T-23T)
Classroom:
PC

1
1

11

30

HighHigh Throughput SequencingThroughput Sequencing


