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Outline

e Something about RNASeq
* Introduce MOLAS system

— How to submit your data

— How to view and analyze your data
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~— Figure 1: RNA-Seq Data Analysis

RNASeq Data Analysis

Acquire Count
Sequence Reads

Generate Bases Align,
and Qualities, Annotate
De-Multiplex

[2x50bp, 30million]’s View

3GB 1.3 MB

[2x150bp, 400 million]’s View

120GB

[2x150bp, 6 billion]’s View

Interpret
Data

Statistical Test,
Visualization,
Pathway Analysis

/" \ <1MB

Expression file (tab txt file):

~1800GB; cal run of 2 x 50 bp at 30 milion reads.

ou as comp fiies 0 appioximaiely 3 GB. These are put into secondary
general

Data output from these tertiary analyses vary, but are usually less than 1 MB.

M

~10Mb / human transcriptome |quaities
Wmmﬂﬂlal, izing,

ting about 1.3 MB. cSNPs, indels, and splice junctions are identified, and gene- and transcript-level expression and differential expression levels are calculated.

_/

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



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

Sequencing Platforms

'~ BIOSCIENCES

1 1
1 1
I |
I I
1 1
1 1
I |
] |
| |
| |
| |
ABI 3730x| : 454 Life Sciences SOLID + : Pacific Biosciences,
Sanger Sequencing : pyrosequencing lllumina : Oxford Nanopore etc
| 1 Single-molecule
: : sequencing
] 1
Length/read 800 bp | 400bp 100 bp ! 20000+ bp
Reads/run 96 | 1 million 2 billion : 5 million
Bases/run 60 kbp I 400 Mbp 500 Gbp 1 100 Gbp
I |
I I
Speed 10 years/HG i 1month/HG 1day/HG |, 10 min/HG
I I
I I
I |
I |
| |
“old school” “2nd gen” “3" gen”

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



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

FastQ format

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

seq head  @EAS139:136:FC706VJ:2:5:1000:12850 @: Nz18:ATCACG
seq letters | AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

+| 4+

quality score | BBBBCCCC?<A?BC?7@@7??7??7??7?DBBAQQAQAAQA

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

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

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

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



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

FastQ format

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

-----------------------------------------------------
----------------------

----------------------

---------------------------------

I I I I I o
1"#3$%8&" () *+,-./0123456789: ;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]*_" abcdefghijklmnopgrstuvwxyz{|}~

----------------------

33 59 64 73 le4 126
L 26...31....... 49
-5 accocaoac ®)acaccocosococccoocncacooboosoc 4@
0........ S e 40
B. 2. e e 26...31........ 41
- Sanger Phred+33, raw reads typically (©, 40)
- Solexa Solexa+64, raw reads typically (-5, 480)

Illumina 1.3+ Phred+64, raw reads typically (@, 48)

Illumina 1.8+ Phred+33, raw reads typically (e, 41)



Phred quality scores are logarithmically linked to error probabilities

Phred Quality Score Probability of incorrect base call Base call accuracy

10 1in 10 90%
20 1in 100 99%
30 1in 1000 99.9%
40 1in 10,000 99.99%
50 1in 100,000 99.999%
60 1in 1,000,000 99.9999%
Phred=10
4
Phred score=20 —> H R [
t_I.ECI,—'.-:L: C ACE%GG- GGGGGF%GNEC .-._.HI:T}-._..&.—GGEq

. I
L u\

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



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

A typical RNA-Seq experiment

Prepare RNA samples

J

Prepare sequencing libraries

AW\AAJ\A mRMNA
— = [AAAAAAAR|
e = TTTTTTTT
RNA fragments l <DNA
I = : EST l|b{ary
with adaptors

o

Millions of shot-gun reads

QcC
Data preprocessing

|

Map to reference

|

Read mapping
...computing intensive

ORF

}

ATCACAGTGGGACTCCATAAATTTTTCT
CGAAGGACCAGCAGAAACGAGAGEEER
GGACAGAGTCCCCAGCGGGCTGAAGGGG
ATGAAACATTAAAGTCAAACAATATGAA

|

Coding sequence =

jobs !

Convert to expression level

RNA expression level

Exonic reads

Nucleotide position

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

Short sequence reads

g - - AAAAAAAAA]
g . ARAARA)]
poly(A) end reads
Mapped seguence read
Intensive
| .| analysis to
| |—p> Interpretate
Biological
Meanings

MNature Reviews | Genetics


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

Read preprocessing

 Trimming: by base quality score

RaW Reads oss all bases (Sanger fllumninag 1.9 encoding) Trimmed ReadS ces (Sanger /llumina 1.9 encoding)
40 III

B
]
4
2 S U S O O
0

L L T A = A s

123456789 1519 30-34 45-49 60-64 75-79 50-94 123456789 1519 30-34 45-49 o60-64 75-79 50-94
Position inread (bp) Position in read (bp)

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



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

Read preprocessing

 Trimming: adapter contamination

A
B Read 1 Adapter
mesmmsmmmm  Read 2 Adapter I | Insert
Read 1
Read 1 Adapter Read 2 Adapter
. ’ .3
3 < 5
Read 2
B
Read 1 Adapter Read 1 Read 2 Adapter (in complementary)
‘5 m& .3
_ R R L R
‘3 i
(o

Read 2

Modified from figure?2. http://journal.frontiersin.org/article/10.3389/fgene.2014.00005/full



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

Expression Level A

(maps reads to a reference genome)

by Gene or by Transcript? T D

-"-;

| | -- [ | | I.-.-'-I- | ||
| __ N | N I e . | N | N == N .
N N I EEEE N e . [E==] B .
Read (pairs) [ ExonA [ExonB] Exon C | [ ExonA  jme{Fxon B} { Exon C |
Processed mRAMNA Genomic mapping and splicing alignment
l l Post-alignment quality control
Reference Genome ANA-SeQC ‘j-é ngs.plot
. 1 =
Seq :fasta file 0.08 - E 20,
Annotation : gtf / gff file $ 0061 £ 15
= k=
- g 0.04 - E 1.0 -
Q @ b
O 5 0.02- 'I I 205
0 - II"I I[ll.llul g -"'A
£ EREEXIEI Sl 555 R
O Q GC content (%) s J
- — Additional quality assessment, Visualization of reads across
g e.g., duplication rates, GC bias, genes—TSSs to TESs—
o rRMNA contamination to assess 3" bias
8 Quantification and analyses
- . ¥
(V)
HTSeq Cufflinks MISO
Transcript-level summary counts Transcriptomea assembly, Splicing events quantification
eXp rs Ievel exp rs IeveI by (e.q., Bland-Altman plot) isoform exprassion, splice and differential analysis

nd

- variants and differantial analvsis

by Gene 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: * Count the mapped read number, normalized to
library size

Library Size Effect

SR

cpm: count per million reads

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

Library 1 Library 2
e Within sample: v TPM: transcripts per million reads
v" RSEM: RNA-Seq by Expectation-Maximization
length effect v" RPKIM: reads Per kilobase of exon per million
 seql mapped reads
== \-‘ . . . .
g /—/ v" FPKM: fragments per kilobase of exon per million
—— _,/ — fragments mapped

seq2 —~

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



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
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The Usage

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



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

SERER 2T FS
Multi-Omics onLine Annotation System (MOLAS)

5 /;/ﬁ demo | ."‘ [ demo

Human, grch38 Mouse, grcm38

1 i i il Example dataset for download:
#Upload expressed profiling in FPKM in tab file Eo G o

BIEEE | LR A

Submit® Ciear Al

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)

Read (cleaned) #tracking_id GA120-2. 0 GA120-3 0
ENST00000591062 0 0.159246
ENSTO0000376259 0 3.96794

Reference ENST00000235878  0.287651 0
ENST00000299596  0.0300576  0.0146675

genome ENST00000625158  6.08204 7.03465
ENST00000321949  4.24507 4.28616
ENST00000258484 0O 6.00768
ENST00000625157  0.0134854  0.00783917
ENST00000321944  6.44635 5.25123

ENST00000321945 0.907242 1.13444



GTF: the Gene Tranfer Format

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";

MOLAS compatible GTF

GO
7

» grch38 @
S grch37

transcript

HGNC



New Submssion

About MOLAS Browse Projects New Submission Check Submitted jobs

s

Human, grch38 Mouse, grcm38

e Upload expressed profiling in FPKM in tab file; Example datasetfor download.
For grch38, grem3g

EfEx

R

SEEMTEE

Submit® Clear Al |



New Submission

About MOLAS Browse Projects New Submission Check Submitted jobs

There are 208244 transcripts annotated in human genome ensembl grech38.78. In MOLAS, 197912 transcripts are in the database ( transcripts of "small non-coding genes” are

excluded. Link to Details)
197523 data entries are found in the uploaded file,in which 14 ensembl transcriptid (0.01%, 14/197523) can not mapped to MOLAS database.

197509 MOLAS database transcript id are mapped (99.8%, calculated by mapped id / molas id: 197509/197912)

i . . operation
FPKM file top 5 lines - Modify FPKM Sample Name
#racking Sample_ Sample_ Sample_ Sampl -
|__id p 1 P 2 p 3 p ed
ENST00000380075 0 0 0.909464 1.0386
ENST00000380071 320.788 208.653 269.647 421.71
ENST00000380079 160.909 71.0702 63.7214 0
ENST00000563164 11.2517 155313 7.45358 14.1989
ENST00000563166 0 0 0 1.99288

Select library:

Present Selected:
Dataset operation

modify  delete

Sample_1, Sample_2, Sample_3, Sample_4
Selecting Dataset:

Update

Sample_1 Sample 2 Sample_3 Sample 4
Reset

Create New Project | (Provide a static link for submission revised and shared for 12 months)
Just a try without Project creation | (Just a dynamic link available for a week)

Clear All



Project Profile

)
. -7
- ﬂ This project is a transcriptome study on
- grch38 reference genome (transcripts #:197523 library#:2)

Project Info

Project Name grch38 demo

Brief on this Project @
grch38 demo

Upload an website logo (image file in jpg,gif or png format)
EIETRE | RIRIEEATEE

a

Name of Sub-directory: http://molas._iis sinica.edu tw/ |grch38

Contact E-mail as Account|molas. iis@gmail.com |&

e
u

e
u

i

Password: s

Open to Public: *Yes

“No Lshare this project data to my friends with this secret word:

(limit to 50 words)

B




Deployment Success

About MOLAS Browse Projects New Submission Check Submitted jobs

Dear User:

You have completed the submission. There are 8 libraries in your submission.
The whole system will be ready few minutes later after data deployment.
Please check the website below to start your journey on data analysis.

httD://molas.iis.sinica.edu.tw/grch38 _ Data Deployment Success!

Thanks for your using our platform to deep your research.
MOLAS administrator



Browse project and .......

Home  Full-text search on Annotation tables = Parmrwise Comparnison = Import Genelist | Clustering = KEGG GlobalView  Gene List Analvsis

w -
>
grch3® demo . /

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



http://molas.iis.sinica.edu.tw/human_grch38_demo/
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Gene List Analvsis

é ‘ck:‘:"‘“ prmmmet eetece N Full-text search on Annotation tables = Pairwise Comparison = Import Genelist  Clustering = KEGG GlobalView

| 62s6 | [ 10 | 106 |

EETE b (4017

grch38 demo

_/

0326324: FGFR1-008
Genein

KA e 1187 114413 Transcript: FGFR1-008 R

Transcript Central View i
One of FOFA1 ranscript: ENSTO00MA26324 -

FGFA1-000 Locaton: F
Toribisst growih facor recestor 1 ‘chel: 30,412 T12-30,460,516 reverse srand. : o

f— Transerpt_ Botype ) / P

ENSTO0000AEIM protnn_cosing




Fuzzy

Home | Full-text search on Annotation tables = Pairwise Comparison

Fuzzy search

Enter your keywords:

Search : @Genesymbol ™ description  KEGG

send reset

Showing 1 to 10 of 116 entries (filtered from 197,443 total entries)Show

Transcriptid =
ENST00000229395

ENST00000260795

ENST00000326324 EGFR1
ENST00000327214 EGFR10P2
ENST00000335922 EGFR1
ENST00000336553 EGFR2
ENST00000340107 FGFR3
ENST00000341462 FGFR1

Showing 1 to 10 of 116 entries (filtered from 197,443 total entries)

EGFR10P2

Import Genelist

10

entries

Genesymbol

Clustering

Search

KEGG GlobalView = Gene List Analysis

Search:

Description
FGFR1 oncogene partner 2

fibroblast growth factor receptor 3
fibroblast growth factor receptor-like 1

fibroblast growth factor receptor 4

fibroblast growth factor receptor 1
FGFR1 oncogene partner 2

fibroblast growth factor receptor 1
fibroblast growth factor receptor 2
fibroblast growth factor receptor 3

fibroblast growth factor receptor 1

| CSV || Save as genelist

! fibroblast growth factor receptor 3
EC:

! fibroblast growth factor receptor 4
[EC:

1 fibroblast growth factor receptor 1
[EC:

1 fibroblast growth factor receptor 1
[EC:
! fibroblast growth factor receptor 2
[EC:
1 fibroblast growth factor receptor 3
[EC:

1 fibroblast growth factor receptor 1
[EC:

4 Previous Next b




ENST00000326324: FGFR1-008

Transcript: FGFR1-008

Transcript Central View

One of FGFR1 transcript: ENST00000326324

FGFR1-008

fibroblast growth factor receptor 1

Ensembl ID

ENST00000326324

Location:

chr8: 38,412,732-38 468,616 reverse strand.

Transcript_Biotype

protein_coding

Transcript Central View

descriptions about this transcript

Short cut to

the Gene Central View
This transcript s derived from gene ENSGO0000077782 which encodes m transcript(s) h

T
— e r— —

.

T s

- '.".

- i

- JJ.’

: /

# .,l'/

- ._,"

k = = o =

Extemal Links for further info

Link 10 ensambl for

# the translated product ENSPOOMMO32T 229 of transcript FGFR1-00B/ENS TOO000326324
* trEnscript summary of FGFR1-008/ENSTO0D00326324
» gens summary of FGFR1/ENSGO0000077782 or Viewing the gene / trenscript structure

Link 10 NCBI for

+ gene centarad view of FGFR1 in Entrez Gane (Gene 10:)
the transeript chuster of human FGFR1 in UniGene

GO Intormation
GO information

Bickgical Process

GO:0010518
GO:0010863
GO:0014068
GO:0001501
GO:0016477
GO:0000165
GO:0001764
GO:0018108
GO:0002378
GO:0034641
GO:0038085

GO:0040011

pasitive regulation of phosphalipase activity
pasitive reguiation of phospholipase C activity
pasitive regulation of phosphatidylinositol 2-kinase signaling
skeletal system development

cell migration

MAPK cascade

neuron migration

pepticyh-yrosine phosphorylation

Immune systam process

cellular nitragen comgound metabalic process
Fe-epsilon receptor signaling pathway

locomation

The expression level
(the user uploaded data)

External Links to get more info

GO terms tagged in this gene




Gene Central

VieW

Gene Central View

FGFR1
Finilast growih faciol menater 1

Ensombl D Gome_Bicayre.
ENSGO0N00NTITEE pcisin_coding
Synasym pae Symbcl chiomescme koation

S — descriptions about this gene

‘This gane is snown, with m innscripis):
The expression level of all the possible transeripts:

Exprassion Level (FPKM)

‘Soq Name Tanscrizt 1D Transcript Sictype Sampia_% Sampie 2 Sampie_3 Samgle_4 Bamgle_%
ENETOOO00SZS9ST | [Eraembl proten_coding o o o 00404075 0378136
ENETH 3 ——

The expression level
- —— .| of all transcripts of this gene

ENSTO0000531 106 | JEnsamed] PONSONGS_Mmadialed_decay o
——— e . | (the user uploaded data)
ENSTHO00524528 | [Eraembl LN _inaron 0152728
ENETHO00IIEARS | [Endaembs proioin_cocing 0937458 o D01 D448 25355 2
Human GRCh38/hg38 ¢35 411 468.38,480,182 a " q |« + || »
ENSTOO00053 i diin_cosing o o 00250441 o o | - [ o
o o nastEEt o (m—— Az 00 a0 oo 38,430,000 ExTr 38 48000
SR s DR . S [ — =
>AP11-E0N 18 <FPEa0rRE
1T O I R T R ) e R T « 1 . T ¥ i
FEPAL
% Fopeats 0 W LA | | DAUN 1 mE Il W 1} | 1} fammm 'm § R 1B i

Extemal Links for tursiar info

Link 3 ensemb lor a  ransotipt sinuctun

Link 30 NGB or view i {Bena 10: . ar n UniGene

Link 32 HGNG for ratrieving gens FGFY (HGNG 1D; 3882 salssad iote,

el Genome browser & Gene modeling

Meighboring Genes
Drop down the list bo seiect @ range. Given this gene, its downstroam {e.g. - 14k} and upstream (o.p. « 1K0) fanking genes are axracted as a list.

Kelghboring Genes [ -10000 bos ~ +10000 bpa) @ Sowa list

1 ENSG0000185046 1 [Ensemai] LETMz prctsin_codng B 38386207 - 3840927 , urward sirand
S ENSGOOONSA5E 1[Ensams] RPS1350NE S artisanse B 3B40053 . BAM1EES . neverse sand
3 ENSG0X00272150 1 [Ensamei] RPI1-IS0NIES artisana B 38406048 - BOETA2  reverse srand
4 ENSGOC00CTTIER 1[Ersema] FasR protain_cading 8138401138 - B4G824  rovarse strand
5 ENSG0000255201 1 [Ensamsi] RAPH1350M15 L artisanse B 38431550 . 38436008 lorward sand

samgie_t ‘samgie 2 Sumpie_3 Sampie_& & ENSGO0000230218 | [Ensems] RAFS2FEE imnecriced_procezsod_gseudogene B 3434347 - 33435564 , reverse srand



Pairwise Comparison

Home  Full-text search on Annotation tables | Pairwise Comparison Import Genelist  Clustering  Gene List Analysis

Download

Pairwise Comparison

1. Select the data for comparison
Present grouping:
Pool Dataset
pool a: sample_1,sample_2
pool b: sample_3,sample_4,sample_5

2. Set the comparing scheme
PoolA expression level (fpkm) = )

PoolB expression level (fpkm) == 4

- , _ The number of selected transcriptid = 5383
fold change cutoff: == [ 2 expression pattern:  ai <]

3. Select Analytic Approach:
© Show Gene List
Calculate GO term enrichment
Draw heatmap with 2D clustering

send reset



Clustering

Home  Full-text search on Annotation tables =~ Library Compare = Enrichment Analysis | Clustering

If some samples have S —

similar properties, Clustering Vi G R
clustering can help group e

them together and e B

perform gene expressSion e goumis:

. . Group Name Dataset operation
profile analysis. T Samples_FPKM Omodty | © deler
T0 Sampled FPEM Sample8 FPEKM ) modify O delete
T1 Sample7_FPKM ) modify ) delete
T2 ;Iagl\.;?el_PPICVI:Samplel_PPIQf[:Sampleﬁ_F © modiy ® delete
T3 Sample3 FPEKM ) modify © delete

Add new a group to this Analysis

Group Name:

Selecting Dataset:
Samplel FPEM | |Sample2 FPEM Sample3 FPEM | | Sampled FPEM I@
Sampled FPEM || Sample6é FPEM Sample? FPEKM | | Sample FPEM @,

[ Add this Analysis Scheme | [ Clear All |




Clustering Results

TX:Sampleb FPKM
T0:Sampled_FPKM,Sample8_FPKM

@' View by group name - B - . ) _
: ) — time: 2014-01-03 16:36:51 Job note:  Group: T1:5ample?_FPKM
C|U5terlng ReSUIt View by sample name | VIEW one T2:Samp|e1_FPKM,Sample2_FPKM,Sampleﬁ_FPKM
T3:5ample3 FPKM
p: 0.001 fold: 4 k 6

o
[s7]

Select Analytic Approach:
Show Gene List
@ Functional enrichment KEGG

F




3. Select Analytic Approach:
Show Gene List
Calculate GO term enrichment

O Calculate KEGG pathway enrichment

Draw heatmap with 2D clustering

send reset

Total:2348 input gene symbol. hit:843 used. nohit:1505 excluded.

Show 10 g entries

Pathway name

PI3K-Akt signaling pathway

Pathways in cancer

ECM-receptor interaction

Transcriptional misregulation in cancers

Focal adhesion

Regulation of actin cytoskeleton

Knumbers
frequency

55 out of 588
knumbers

62 out of 588
knumbers

25 out of 588
knumbers

40 out of 588
knumbers

39 out of 588
knumbers

40 out of 588
knumbers

KEGG Pathway

Background

frequency

243 out of 8706
knumbers

322 out of 8706
knumbers

64 out of BT706
knumbers

158 out of 8706
knumbers

151 out of 8706
knumbers

162 out of 8706
knumbers

Search:

P-value

4.50e-16

1.8%9e-14

1.10e-13

1.10e-13

1.12e-13

2.67e-13

csv

PDF

transcriptid associated to the

term

ENSTO0000205386
ENST00000222139

»
ENST00000205386
ENST00000222462
»
ENST00000205386
ENST00000225964
»
ENST00000222462
ENST00000247182
»
ENSTO0000205386
ENSTO0000225964
»

ENST00000257290
ENSTO0000261799

.




KEGG Pathway
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Enrichment Analysis

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

Home = Full-text search on Annotation tables = Library Compare | Ennichment Analysis = Clustering
KEGG GlobelView

Enrichment Analysis

1 Enter genesymbol:(one id per line) | example

»

4 |m

Or upload from file:
Choase File | Mo file chosen download example

Save to file:1389348774137 done!

2 Select Analvtic Approach:
@ KEGG
GO

send | | reset |



KEGG Global View

Home  Full-text search on Annotation tables = Library Compare = Enrichment Analysis =~ Clustering

KEGG GlobelView

BRITE hierarchies (33338)
Network hierarchy (22563)

KEGG Orthology (KO} (20622)

KEGG modules (1941)

) ) Protein families: metabolism (5182)
KEGG Global View provide an Eo
Protein kinases (484)
Peplidases (494}
Glycuswtransferases ;214‘.

L L]
Lipid biosynthesis proteins (73)
overview picture of KEGG .
Amino acid related enzvmes (60)
Cytochrome P450 (55)

Protein families: genetic information processing (2696)
athwav o uman 1 9 an el et
Transcription Machinery (280}
SQ”CEDSDH’IE 492)
. Ribosome (199)
1 O Ribosome biogenesis (9)

mouse tmm Orga NISMS. e
Translation factors (51)
Chapercnes and folding catalysts (44)

You can investigate specific e

Protein families: signaling and cellular processes (2897)

metabolic pathway by ity

G Protein-Coupled Receptors (778)

Enzyme-linked receptors (66)

H Cytokine receptors (89)
ex p orin g eacn cate g (@) r‘y_ PR
lon Channels (284)
GTP-binding proteins (154)
Cytokines (12}
CD molecules (794)
Proteoglycans (15)
Heparan sulfate/heparin binding proteins (186)
Show Glycan Binding Proteins (53)

Pathway name $ frequency

Glycolysis / Gluconeogenesis 36/90
Citrate cycle (TCA cycle) 22754
Pentose phosphate pathway 18/ 57
Pentose and glucuronate interconversions 121756
Fructose and mannose metabolism 18/79
Galactose metabolism 21/64
Ascorbate and aldarate metabolism 7137

Fatty acid biosynthesis 5/30

Fatty acid elongation 18721
Fatty acid metabolism 20/49

Showing 1 to 10 of 317 entries Previous Next



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
e 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

A dot means a read mapped to the region beginning & the base

4 m e

10450000 10470000 AR

li.p -
o g

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

SEELERN \apping , Expression

Differenftially
- Level
tools

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 ! 1 ] ¢ L
vJ | \J



Thanks for your Attention
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