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[ Gene Set Enrichment Analysis (GSEA)
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Enrichment Score ES(S)

O ZESKDHIFAL={94, ..., 098} 1(g) =7,
O XEFFIFRL, HEE—MLEILLE, BFAEERE
&£SHR (“hits”) 589, ARAESHHY
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P.«(S, 1) =5/5=1

ES(1) =1
Pmiss(S’ 1) =0
P..(S, 2) =5/5=1
ilS: 2 ES(2) = 0.67
Pmiss(S’ 2) =0.33
Pi(S, 3) = 1 + 3/(5+3) =1.375
Pmiss(S’ 3) =0.33 ES(B) = 1.045

P.(S, 4) = 1.375 + 2/(5+3+2)=1.575

P (S, 4)=0.33
A ES(4) = 1.245
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I:)miss (S’ 7) =1

Bioinformatics, 2020, HUST




ZBEMEHEE

O HEESHIEEM: SESy LK
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Microarray: T B &H#EEE

PCA 5 vars
® &

princompiy = dafs, cor = cor

About R Ferfility -
What is R? - g i [ 3
Contributors b
Scre:anshots . . . L] o & . ‘
What” s new? 3 .
(] | *e
Dowmload . o Qg .
(1-3) 60% o0 5

CRAN & .0. °
R Project éﬂ.D-:lz ®
Foundation
Nembers & Donors Clustering 4 groups Factor 1 [41%)] Factor 3 [19%)]
Mailing Lists ol
Bug Tracking = 5
Developer Page f'__‘,-;rf T | |
Conferences _|__cfc : N | |
Search —TT—T

0 B0 40 2z oo |2 / \
Documentation : SR s : I
Nanuals
FaQs ' .
P Getting Started:
Wiki
Books o R iz a free software environment for statistical computing and graphics. It compiles and runs on a wide variety of
CEEh AR, NIX platforms, Windows and MacOS. To dowmload R, please choose your preferred CRAN mirror.

Other ¢ If vou have questions about E like how to download and install the software, or what the license terms are, please
read our answers to frequentlv asked questions before wou send an email.

Hisc
Bioconductor News -

Eelated Projects

fasts R version 2.7.1 has been released on 2008-06-23.

« R News 8/1 has been published on 2008-05-27.
¢ The K Foundation as been awarded four slots for R projects in the Google Summer of Code Z008.
-

R 2.7.2 Release Candidates will appear fugust 18-24. Final release is scheduled for Z008-08-25,

useR! 2008, the E user conference, will be held at Dortmund Tniversity, Germany, August 12-14, 2005,
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So comples Paites
=l GSE Series 9369
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Array Express - EMBL
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| Tools | EBI Groups | Training | Industry | Apout Us | Help Site Index BN &

i ARRAYEXPRESS

ArrayExpress is a public repository for transcriptomics data, which is aimed at storing MIAME- and MINSEQE- compliant data in accordance with
MGED recommendations, The ArrayExpress Warehouse stores gene-indexed expression profiles from a curated subset of experiments in the
repositary,

» More Info

. ; ' ' T
Experiments | | Expression Profiles -
6288 experiments, 190493 assays available 592 experiments, 169983 genes available
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(| | | | I
» Browse experiments ;_.é..n_\{rm;pe:_c.igs. v

= Advanced query interface
= Submitterfreviewer login

# Adwvanced query interface

News Links

» 28 Ful 2008
MGED 11 meeting
A tutorial on Ysing ArrayExpress along with other worlishops
and talks will be held at MGED 11 meeting, Riva del Garda,
Trentina, Italy; from the 1-5 Sep, 200&. Please reqister if you
wish to attend.

® 27 Jun 2008
ArrayExpress New Interface..maore

frrayExpress Atlas Beta Tew!
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Help | FAQ | Tutorials | Citing
Submit data to ArrayExpress
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FTP server for public data

Software Downloads and Statistics
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The host response to adenovirus, helper-dependent adenaovirus, and adeno-associated
virus in mouse lver. WcCaffrey AP, et al. (2008 Mal Ther 16(51:931-41

Systemnatic identification of mRMAs recruited to argonaute 2 by specific microRMAs
and corresponding changes in transcript abundance. Hendrickson DG, et al. (2008)
FLoS OME 3(5):e2126

Module map of stem cell genes guides creation of epithelial cancer stem cells. Wong
DJ, et al. (2008) Cell Sterm Cell 2{4):333-44

Genomic response of the nematode Caenorhabditis elegans to spaceflight. Selch F,
et al. (2008) Adv Space Res 41(5):807-315

WhicroRMA expression signature of human sarcomas. Subramanian S, et al. (2008)
Oncogene 27(147:2015-28

Systematic functional characterization of cis-regulatory maotifs in hurman core
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RNA-Seq##E: [FHIiEESL

3 FASTQ: llluminaill FiE R SC i

Line1: @EAS042_0001:1:1:1061:20798#0/1
Line2: TNTCTGTGTCCTGGGGCATCAATGATAGTCACATAGTACTTGCTGGTCTCAAATTTCCACAAGGAGATATCAATGG
Line 3: +EAS042_0001:1:1:1061:20798#0/1
Line 4: aB\W\Y]a"lcde daaYaaa_bc\\'b"Y\a\aaUQY\Ja\'aa\W_JHVZ]VQF [ UHNJ"FATMN]
Line 1
EAS042_0001 | the unique instrument name Line 2: }j‘?{ﬁﬁf?ﬁlj
1 flowcell lane Line 3: +?
1 tile number within the flowcell lane Line 4: }*%‘ﬁu EI(J}DE %ﬁ\,{ﬁ
1061 t);lécglzrdlnate of the cluster within 5 ~62
'y'-coordinate of the cluster within ﬁﬁﬁ ASCII 59 ~ 126
20798 :
the tile
index number for a multiplexed
#0 : )
sample (0 for no indexing)
the member of a pair, /1 or
/1 /2 (paired-end or mate-pair reads

only)
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RNA-Seq vs. DNAR: K
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, DNAR A R EERN 2 MR ARRIE
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RNA-SeqfJ{t#

O & FESFE: RNA-Seqtt BEfb A/ EEHHEE

Table 1 | Advantages of RNA-Seq compared with other transcriptomics methods

Technology

Technology specifications
Principle

Resolution

Throughput

Reliance on genomic sequence

Background noise

Application

Simultaneously map transcribed regions and gene expression
Dynamic range to quantify gene expression level
Ability to distinguish different isoforms

Ability to distinguish allelic expression

Practical issues

Required amount of RNA

Cost for mapping transcriptomes of large genomes

Tiling microarray

Hybridization

From several to 100 bp
High

Yes

High

Yes
Up to a few-hundredfold
Limited

Limited

High
High

cDNA or EST sequencing

Sanger sequencing
Single base
Low

Mo

Low

Limited for gene expression
Not practical

Yes

Yes

High
High
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High-throughput sequencing
Single base

High

In some cases

Low

Yes
>8,000-fold
Yes
Yes

Low

Relatively low



RNA-Seq vs. DNA:
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[ RPKM (The number of reads per kilobase of

transcript per million mapped reads)

B 4

5 8 77 AT R IEER

BT kbRVIEERH
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T RNA-Seq vs. DNARH
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3 Lander-Waterman model
@ BREPCHNT, MEFERENDIER
& MR TFRBEEDA=NIC
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1 —AF
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[ TSPM: two-stage Poisson model
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fA_In45 % : DESeq

J RNA-Seq##ERYT—1L
& SHEMPER
& E X AR PRNEK, AR
& HAKRERES
& HEXBFEMHFp()
EEEp THEHFI—LRIEE

@ q, &P

N

1

K

pr =

W, =q,

# of replicates jinreplicates

2 _ 12 .
ip(j)YJ 0= Ju':j,r' TS f}’ P(q#?{j})
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DESeq: EFFIAERE T %

O AmHEARp-valueit & D

@ p(a, b) = Pr(Ky =a) Pr(Ki =b) saiiite,

1
® Kis =Kia *Kjp 2, pab)
a+b=k
Anders and Huber Genome Biology 2010, 11:R106 v
http://genomebiology.com/2010/11/10/R106 ' *® I
. Genome Biology

METHOD Open Access

Differential expression analysis for sequence
count data

Simon Anders , Wolfgang Huber

DIOITNUITTIAUCLS, £U4VU, MMUD |




A =IR4y % vs. AR5

O DESeq (#&), EdgeR (&,
& NBHERFEEK

E2k), B ()

[

(a) (b)
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.16 =~
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variance
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SAZIn5 A vs. XGHIR ST

O DESeqflEdgeRHIES S : NBS 1
O TSPM (%AW SEEMTARAESBIK

FDR=1% 27374 FDR=5% 25099
TSPM 1atics, TSPM




RNA-SeqERFTIZEHTHITH

O BeimiF: DESeqflEdgeR

& DESeq: http://bioconductor.org/packages/release/bioc/html/DESeq.html
@ EdgeR: http://bioconductor.org/packages/release/bioc/html/edgeR.html

J R{EZ + BioconductorsCif

Table 1 A comparison of common statistical methods for RNA-Seq differential gene expression analysis

Method Underlying Recommended with Multi-group R/Bioconductor Reference
distribution biological replicates comparison package

Fisher's exact Test Poisson Mo MNo Mo 271
Likelihood ratio test Poisson No Yes No [21]
edgeR Negative Binomia Yes Yes Yes (28]
DESeq Negative Binomia Yes No Yes [15]
baySeq Negative Binomia Yes Yes Yes [17]
BBSeq Beta-Binomia Yes Mo Yes [29]
[wo-stage poisson mode Poisson Yes Yes No [30]
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Table 2 | List of publicly available RNA-seq software packages discussed in this review

Need genomic Associated
Primary category Discovery assembly read mapper Splice junctions Quantitation Reference
ABySS Short-read assembler Yes No NA Assembled Read coverage i3
v1.0.11
BASIS Existing transcript No Yes External From existing models Read coverage 41
V1 guantitation
ERANGE  Existing and novel gene  Yes Yes Blat From existing models RPKM from gene 18
vi.l guantitation Bowtie Novel with blat annotations and novel
Eland transfrags
G-Mo.R-5e¢ Novel gene model Yes Yes SOAP Predicted from transfrags No 37
v1.0 annotation
QPALMA  Spliced read mapper Yes Yes Integrated Predicted from transfrags No 38
v(0.9.9.2
RNA-mate Existing and novel gene Yes Yes Map reads From existing models Deprecated in v1.1 36
vl.l guantitation
RSAT Existing transcript No No; requires Eland, SeqMap From supplied transcript  RPKM from transcript 40
v0.0.3 guantitation transcript sequences  (bundled) sequences sequences
TopHat Existing and novel gene Yes Yes Bowtie Predicted from transfrags RPKM from supplied 32
v1.0.10  quantitation From existing models annotations
Velvet Short read assembler Yes No NA Assembled Fold coverage 31
v0.7.47

NA, short-read assemblers do not rely on any particular annotated read mapper to assemble the transcripts.
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MethylC-seq: Bisulfite Modification
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