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Outline

• Something about RNASeq
• Introduce MOLAS system

– How to submit your data 
– How to view and analyze your data



High-throughput Methods
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RNASeq Data Analysis

http://www.illumina.com/documents/products/datasheets/datasheet_rnaseq_analysis.pdf

[2x50bp, 30million]’s View 

[2x150bp, 400 million]’s View 120GB
[2x150bp, 6 billion]’s View 1800GB

Expression file (tab txt file): 
~10Mb / human transcriptome   

http://www.illumina.com/documents/products/datasheets/datasheet_rnaseq_analysis.pdf


Sequencing Platforms

http://www.slideshare.net/COST-events/rnaseq-analysis-17037153?next_slideshow=1

http://www.slideshare.net/COST-events/rnaseq-analysis-17037153?next_slideshow=1


FastQ format

http://en.wikipedia.org/wiki/FASTQ_format
http://cancan.cshl.edu/labmembers/gordon/fastq_illumina_filter/

@EAS139:136:FC706VJ:2:5:1000:12850 1:N:18:ATCACG

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

+

BBBBCCCC?<A?BC?7@@???????DBBA@@@@A@@

• Start with “@”
• Four lines: “+” w/ or w/o seq head, quality scores

seq head

seq letters

FASTQ files from CASAVA-1.8 Should have the following READ-ID format: 

@<instrument>:<run number>:<flowcell ID>:<lane>:<tile>:<x-pos>:<y-pos>

<read>:<is filtered>:<control number>:<index sequence>

quality score

+

http://en.wikipedia.org/wiki/FASTQ_format
http://cancan.cshl.edu/labmembers/gordon/fastq_illumina_filter/


FastQ format

@EAS139:136:FC706VJ:2:5:1000:12850 1:N:18:ATCACG

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

+

BBBBCCCC?<A?BC?7@@???????DBBA@@@@A@@

• Start with “@”
• Four lines:,, “+” w/ or w/o seq head, quality scores

seq head

seq letters

quality score

+



http://en.wikipedia.org/wiki/Phred_quality_score

Phred=10

http://en.wikipedia.org/wiki/Phred_quality_score


A typical RNA-Seq experiment

http://www.nature.com/nrg/journal/v10/n1/full/nrg2484.html

Prepare RNA samples

Prepare sequencing libraries

Millions of shot-gun reads 

Map to reference 

Convert to expression level

Intensive 
analysis to 
Interpretate 
Biological 
Meanings

Data preprocessing

Read mapping
…computing intensive jobs ! 

QC

QC

QC

http://www.nature.com/nrg/journal/v10/n1/full/nrg2484.html


Read preprocessing

• Trimming: by base quality score

– By base quality

http://www.bioinformatics.babraham.ac.uk/projects/fastqc/

Raw Reads Trimmed Reads

http://www.bioinformatics.babraham.ac.uk/projects/fastqc/


Read preprocessing

• Trimming: adapter contamination

Modified from figure2. http://journal.frontiersin.org/article/10.3389/fgene.2014.00005/full

Read 1 Adapter 
Read 2 Adapter 

Read 2 Adapter (in complementary)

http://journal.frontiersin.org/article/10.3389/fgene.2014.00005/full


Expression Level 
by Gene or by Transcript?

Read (pairs)

m
ap

pe
r

sp
lic

e-
aw

ar
e 

m
ap

pe
r  

   
 

Reference Genome
Seq :fasta file
Annotation : gtf / gff file

exprs level 
by Gene

exprs level by 
Transcripts (& 
Gene)

http://www.nature.com/neuro/journal/v17/n11/fig_tab/nn.3816_F1.html

http://www.nature.com/neuro/journal/v17/n11/fig_tab/nn.3816_F1.html


Other issues

• Stranded or not?
• PolyA tailed or rRNA depletion?
• Special protocols that need extra bioinformatical 

works?
• Trimmed read length? Low complexity repeats? Other 

sources of contamination?
• Have reference genome?
• Novel transcripts? 



The Normalized Expression Level
• Between sample: 

Library Size Effect

• Within sample: 

length effect

• Count the mapped read number, normalized to 
library size 

cpm: count per million reads

• Count the mapped read number, normalized to 
BOTH library size and (target seq) length

 TPM: transcripts per million reads

 RSEM: RNA-Seq by Expectation-Maximization 

 RPKM: reads Per kilobase of exon per million 
mapped reads 

 FPKM: fragments per kilobase of exon per million 
fragments mapped

http://www.slideshare.net/mikaelhuss/rnaseq-differential-expression-analysis

seq1

seq2

Library 1 Library 2

http://www.slideshare.net/mikaelhuss/rnaseq-differential-expression-analysis


The art of Normalization
• Borrowing information across genes to get a better estimate.

• Count-based model 
– edgeR, DESeq ….. etc. 
– Use “read count” (or estimated count from RSEM) and enforced a 

normalization model to fit data to the statistic assumption
– Want to retain statistical power

• Programs like SAMSeq (rank-based model, only applicable for 
large replicates) and limma are fine with continuous values 
(like FPKM).  Limma takes more cares about weak mean-
variance relationship (stabilizing variation).

http://www.slideshare.net/mikaelhuss/rnaseq-differential-expression-analysis

http://www.slideshare.net/mikaelhuss/rnaseq-differential-expression-analysis


The Usage
Demo: http://molas.iis.sinica.edu.tw/grch38/

http://molas.iis.sinica.edu.tw/grch38/


多重體學線上分析平台
Multi-Omics onLine Annotation System (MOLAS)

數十億基因表現定序短片段
Hundred Millions Reads in RNA-seq

序列組裝與註解
Contigs Assembly/ Annotation

全文檢索與序列比對/ 
Full Text search and BLAST

以多重資料庫對序列進行註解/ 
Contigs annotated by SignalP, NR, GO, 
Interpro and KEGG

功能性解析與動態網路分析/ 
Functional Inference, Dynamic Network Analysis

Transcriptome
Methylome
Interactome
Genome
Network Biology
Metabolome

多
重
體
學

資
料
整
合

To view and analyse your RNASeq experiment



All you need is an expression file

Input file
– A tab-delimited text file generated by 

other software (e.g. cufflink, EdgeR, RSEM) in 
ensembl transcript id (grch38 and grcm38)

#tracking_id GA120-2_0 GA120-3_0
ENST00000591062 0 0.159246
ENST00000376259 0 3.96794
ENST00000235878 0.287651 0
ENST00000299596 0.0300576 0.0146675
ENST00000625158 6.08204 7.03465
ENST00000321949 4.24507 4.28616
ENST00000258484 0 6.00768
ENST00000625157 0.0134854 0.00783917
ENST00000321944 6.44635 5.25123
ENST00000321945 0.907242 1.13444

Read (cleaned)

Reference 
genome fasta

gtf



GTF: the Gene Tranfer Format

GTF
transcript 

lD

GO

KEGG

converter

ensembl

1       ensembl_havana  transcript      4344146 4360314 .       - .       gene_id "ENSMUSG000000259
00"; gene_version "6"; transcript_id "ENSMUST00000027032"; transcript_version "5"; gene_name "Rp1"; gene_
source "ensembl_havana"; gene_biotype "protein_coding"; transcript_name "Rp1-001"; transcript_source "ens
embl_havana"; transcript_biotype "protein_coding"; tag "CCDS"; ccds_id "CCDS14804";

grch38
grch37

grcm38

MOLAS compatible GTF

HGNC



New Submssion



New Submission



Project Profile



Deployment Success

/grch38



Browse project and …….

http://molas.iis.sinica.edu.tw/human_grch38_demo/

http://molas.iis.sinica.edu.tw/human_grch38_demo/


Pathway View

Functional Enrichment

transcripts info

Pairwise Comparison

Clustering 

Gene info

Text Search

Gene List



Fuzzy Search



Transcript Central View

descriptions about this transcript

The expression level
(the user uploaded data)

External Links to get more info

GO terms tagged in this gene

Short cut to
the Gene Central View



Gene Central 
View

descriptions about this gene

The expression level
of all transcripts of this gene
(the user uploaded data)

Genome browser & Gene modeling



Pairwise Comparison

Select libraries you want to compare and analyze



Clustering
If some samples have 
similar properties, 
clustering can help group 
them together and 
perform gene expression 
profile analysis.



Clustering Results



KEGG Pathway



KEGG Pathway



Enrichment Analysis
Insert a list of interesting genes to see which 
pathway they are involved.



KEGG Global View

KEGG Global View provide an 
overview picture of KEGG 
pathway of human (hg19) and 
mouse (mm10) organisms. 
You can investigate specific 
metabolic pathway by 
exploring each category.



What to do if you have no replicates?
Suggestions from edgeR authors

• Be satisfied with a descriptive analysis, that might include an MDS plot 
and an analysis of fold changes. Do not attempt a significance analysis. 
This may be the best advice.

• Simply pick a reasonable dispersion value, based on your experience with 
similar data, and use that for DE detection
– In edgeR (empirically): 

0.4 human data (genetically unidentical)
0.1 for genetically identical model organisms
0.01 for technical replicates 

• estimate dispersion from dataset reducing one (less critical) experiment 
factor 

• estimate dispersion from a sizeable number of control transcripts that 
should not be DE if there exists 

edgeR paper http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2796818/
menu http://www.bioconductor.org/packages/release/bioc/vignettes/edgeR/inst/doc/edgeRUsersGuide.pdf

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2796818/
http://www.bioconductor.org/packages/release/bioc/vignettes/edgeR/inst/doc/edgeRUsersGuide.pdf


Analog signal vs Digital signal

http://www.slideshare.net/ueb52/uebuat-bioinformatics-course-session-23-vhir-barcelona

Reads Mapping 
tools

Statistics 
model

Expression 
Level

Differenftially
expressed transcripts

http://www.slideshare.net/ueb52/uebuat-bioinformatics-course-session-23-vhir-barcelona


Limitations
• Assumption of “Uniformity” of all expressed transcripts may 

not always true
• Uncertain problems in mapping

– Transcripts length issue
– Redundance seq in genome
– Reference is never a perfect match to the actual biological source of 

RNA being sequenced

• Reference  & no Reference 
• Lag in analytic tools. 
• No single robotic analylsis scheme fits all kind of needs  
• Cost !!



Thanks for your Attention
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