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https://www.ncbi.nlm.nih.gov/sra https://cancergenome.nih.gov/
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Read in FastQ format

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

ACTTCAGGAGATTGTACATTTAGAGACAAAAAAAAA

+

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 a sequencer 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

+

https://en.wikipedia.org/wiki/FASTQ_format

DON’T TRY TO OPEN a fastq file on your desktop PC

Illumina reads

R1, R2 can  in separate fastq files
or sometimes in an interlanced fastq file:
@xxxxx:xxxx:xxxx:….. 1:N:0
…………….
+
…………….

@xxxxx:xxxx:xxxx:….. 2:N:0
…………….
+
…………….

@xxxxx:xxxx:xxxx:….. 1:N:0
…………….
+
…………….

@xxxxx:xxxx:xxxx:….. 2:N:0
…………….
+
…………….

https://en.wikipedia.org/wiki/FASTQ_format


Illumina Technology

Read 1 Adapter 
Read 2 Adapter 



Check the Quality of Reads 

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

Raw Reads

Trimming
by base quality

Trimmed Reads

Trimming for base quality

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


Read Preprocessing (optional): 

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)

Trimming for adapter contamination

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


Mapping: the Options

Mapping to a Known Genome

• Working on the target species: 
to profile the gene repertoire on 
a well-defined reference 
genome (fully sequenced and 
annotated) .

• Using a known genome close to 
your sample. 

de novo Assembling + Mapping

• Create the reference 
(transcriptome or genome) by 
assembling.

• Annotate the new assembled 
reference.

• Map reads to the new 
assembled reference.



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



Read Mapping
Expression Level 
by Gene or by Transcript?

Read (pairs)

re
ad

 m
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exprs level 
by Gene

exprs level by 
Transcripts & Gene

Reference Genome
• Seq: fasta file / prebuilt index
• Annotation : gtf / gff file



Normalization is a Necessary Evil

• Between samples: 

Initial Input ; Volume of Reads

• Within sample: 

transcript 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: 12M reads Library 2: 20M reads

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/


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



New Submission

For human study



New Submission



Project Profile



Deployment Success

/grch38



Browse project and …….

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

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


Pathway 
View

BLAST SearchFunctional Enrichment

Contig Information

Pairwise Comparison

Clustering 



Fuzzy Search



Pairwise Comparison

Select libraries you want to compare and analyze



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 canonical 
pathway-type overview of genes 
involved in a particular KEGG pathway. 



Demo

• Build your own project

• Browse project and conduct a study

Hands on practice on MOLAS

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

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


What to do if you have no replicates?

• Be satisfied with a descriptive analysis, that might include an MDS 
plot and an analysis of fold changes. Do not claim a significance 
statistical analysis.
• In edgeR (empirically): Simply pick a reasonable dispersion value, based on 

your experience with similar data, and use that for detecting differentially 
expressed transcripts. 

0.4 human data (genetically “not” identical)

0.1 for “genetically identical” strains of model organisms

0.01 for technical replicates 

• Simulation data: NOISeq

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

Suggestions from edgeR authors

https://f1000research.com/articles/5-1438/v2

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2796818/
http://www.bioconductor.org/packages/release/bioc/vignettes/edgeR/inst/doc/edgeRUsersGuide.pdf
https://f1000research.com/articles/5-1438/v2


Genes with different transcripts…..

Protein coding



Gene Set Enrichment Analysis: a computational method that determines 
whether an a priori defined set of genes shows statistically significant, 
concordant differences between two biological states 
(e.g. phenotypes). 
Ref: Subramanian, Tamayo, et al. (2005, PNAS 102, 15545-15550)

the Molecular Signatures Database (MSigDB), a collection of 
annotated gene sets for use with GSEA software.
Ref: Liberzon, et al. (2011, Bionformatics), Liberzon, et al. (2015, 
Cell Systems)

http://software.broadinstitute.org/gsea/index.jsp
http://www.pnas.org/cgi/content/abstract/102/43/15545
http://software.broadinstitute.org/gsea/msigdb/index.jsp
https://doi.org/10.1093/bioinformatics/btr260
http://www.sciencedirect.com/science/article/pii/S2405471215002185


…….. the degree to which a gene set is overrepresented at the top or bottom 
of a ranked list of genes.

a running-sum statistic

……. Gene sets with a distinct peak at the beginning (such as the one shown 
here) or end of the ranked list are generally the most interesting.

http://software.broadinstitute.org/gsea/doc/GSEAUserGuideFrame.html

Tamayo, et al. (2005, PNAS 102, 15545-15550)

Gene Set S 
(at least 15 members 
observed in the DataSet D)

An Expression DataSet D, 
N genes x k samples  

Phenotype C

Gene List L in ranked order L={g1,g2,g3, …….gN}
and the correlation to phenotype C, i.e., r(g1)=r1

List L

miss

hit

g1

g2

g4

g3 ……

……  gN

ES: max  (Phit - Pmiss) from zero 

http://software.broadinstitute.org/gsea/doc/GSEAUserGuideFrame.html
http://www.pnas.org/cgi/content/abstract/102/43/15545


http://software.broadinstitute.org/gsea/msigdb/collections.jsp#C2

http://software.broadinstitute.org/gsea/msigdb/cards/GGCGGCA_MIR371.html

http://software.broadinstitute.org/gsea/msigdb/collections.jsp#C2
http://software.broadinstitute.org/gsea/msigdb/cards/GGCGGCA_MIR371.html
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Epigenetic Modification

• Epigenetic Modification: Reversible modifications on genome 
components to affect gene expression without changing the DNA 
sequence

Adopted from McEwen BS et al., Nature Neuroscience 18, 1353–1363 (2015)

One Genome

Many Phenotypes



Methylated Cytosine: the Fifth Base

• Involved in 
• Genomic imprinting

• Cell Fate Determination / 
Reprogramming

• Transposon genes silencing

The most common and stable epigenetic marks in nucleotide level

• In vertebrates, 1-6% of genomic cytosine are methylated
• In plants, the proportion of methylated cytosine is even higher
• But……..

C       G C
m

G



Whole Genome Shotgun Bisulfite Sequencing

Bisulfite Conversion

DNA: 

5’ – T C G C C G G T A C -

5’ – T C
m

G C C
m

G G T A C -
bisulfite

bisulfite
T U G C U G G T A U

T C
m

G C C
m

G G T A U
PCR

PCR

Reproduced and modified from Fig 1 in Curr Protoc Nucleic Acid Chem (2008) Chapter 6:Unit 6.10.

T C G C C G G T A T

T T G C T G G T A T
a a c g a c c a t a

a g c g g c c a t a

Genomic DNA Fragmentation/bisulfite conversion/Adapter ligation

C C
m U, converted from C

Sequencing Library

BS Seq



Mapping BS-Seq Reads to Reference Genome

5’ – T C G C C G G T A C -

Reference genome

a g c g g c c a t g

indexed database

Indexed in 3 bases/ wild card method

(C  T/ GA) 

T C G C C G G T A T

T T G C T G G T A T
a a c g a c c a t a

a g c g g c c a t a

The Bisulfite converted, 
PCR amplified library

BS Seq mappers



Difficulty to Access BS Seq Data/ Methylome

• Complicated Contents

• Visualization

- C G - - C H G - - C H H - Gene1 Gene2 Gene3

- Promoter
- Gene Body 

By Location By Context

Methylated CG island

H=A, T or C



The Workflow

http://symbiosis.iis.sinica.edu.tw/epimolas/molas.html

http://symbiosis.iis.sinica.edu.tw/epimolas/molas.html


TEA
The epigenomic platform for Arabidopsis

http://tea.iis.sinica.edu.tw/tea/molas.html

mtable
Data 

Deployment AnalysisCollecting 
Samples

Library 
Prep

Sequencing

Mapping

http://tea.iis.sinica.edu.tw/tea/molas.html


• Observed event for each C: >=4• Type: CG
• Total observation (Read depth): 5
• Methylated C: 2, Unmethylated C: 3  
 score of this C: 2/5 = 0.4 

• Type: CHG
• Total observation (Read depth): 5
• Methylated C: 3, Unmethylated C: 2  
 score of this C: 0.6

• Type: CHH
• Total observation (Read depth): 4
• Methylated C: 0, Unmethylated C: 4  
 score of this C: 0

Reference Genome

Reads 



• Scored gene / promoter: # observed bases >=5

By Location By Context

Reference Genome

Reads 

C C CC



Reference Genome

Reads 

C C CC

• Observed event for each C: >=4
• Scored gene / promoter: # observed bases >=5
• Supporting Mapper: BS-Seeker2 and Bismark

gene_id pmt_CG gene_CG pmt_CHG gene_CHG pmt_CHH gene_CHH
AT1G01010 0.011463 0.053009 0.010000 0.011635 0.021765 0.012631
AT1G01020 0.000000 0.081519 0.006957 0.007177 0.003614 0.007521
AT1G01030 0.005385 0.012800 0.002439 0.023452 0.003116 0.016939
AT1G01040 0.011200 0.589821 0.009677 0.015773 0.016944 0.011699
AT1G01046 0.765250 0.385000 0.022500 0.058750 0.014325 0.047727



TEA Website http://tea.iis.sinica.edu.tw/tea/molas.html

http://tea.iis.sinica.edu.tw/tea/molas.html


Project Summary
http://tea.iis.sinica.edu.tw/tair10_demo_new/

Check the gtf version

http://tea.iis.sinica.edu.tw/tair10_demo_new/


Project Summary http://tea.iis.sinica.edu.tw/tair10_demo_new/

Check the (1) read mapping rate (2) throughput

http://tea.iis.sinica.edu.tw/tair10_demo_new/


Set the searching criteria

Get the result



Gene Central View

http://tea.iis.sinica.edu.tw/sophia_test/gdetail.php?gid=AT5G27150

http://tea.iis.sinica.edu.tw/sophia_test/gdetail.php?gid=AT5G27150


Measures of Methylation

Genome Browser



http://tea.iis.sinica.edu.tw/tea/access_project.htmlData Analysis Modules

http://tea.iis.sinica.edu.tw/tea/access_project.html


Find Genes by Value

Threshold : Select genes by a cutoff value on the methylation score

DMGs : Select differentially methylated genes by the interested methylation score



Gene List and Data Visualization



線上基因概況分析平台

molas.iis.sinica.edu.tw/

Raw Reads in a dozen of GB

Estimate Expression 
Profiling in DOCEXPRESS

FPKM/TPM

Upload to 
MOLAS

Unveil the biological secrets hidden 

behind the big biological data online

D
O

C
EX

P
R

ES
S



全基因體甲基化分析平台

A B

symbiosis.iis.sinica.edu.tw/epimolas



Questions? 



Other Issues ?

• Experiment Design? Biological Replicates >>> Technical Replicates

• Library Protocols:
• Stranded or not?

• PolyA tailed or rRNA depletion?

• Have reference genome? Novel transcripts? Fusion transcripts?

• Special protocols that need extra bioinformatical works?

• Trimmed read length? Low complexity repeats? Other sources of 
contamination?



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

