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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

(“misses”) 4

Puie(S, i) = 2, ]<f . where Ng = >, |rj|”
cs Np

giEeS

1
Pmiss(Sa l) — Z (N B NH) .
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~N OO O B~ W DN B

ER 5%

w ~ O

0.04
0.007

RFES=1,3,4,5

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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ESitH: S£4l

~N OO O B~ W DN B

ER 5%

w ~ O

0.04
0.007

HEFHES=1,3,4,5

P (S, 5) = 1.575 + 1.5/(5+3+2+1.5)=1.705
Piss (S, 5) =0.33 ES(5) =1.375

Phit (S, 6) =1.705

ES(6) = 1.045
I:)miss (S’ 6) = 0.66

P, (S, 7) =1.705

ES(7) =0.705
I:)miss (S’ 7) =1
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O HEESHIEEM: SESy LK
O WEHERIp-valuell, MBS STINERE, EEFHIF
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Null distribution of
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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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GEO - NCBI

€39

Gene Expression Omnibus

| HOWE | SEARCH | SITE MAF | [ Handout [ NAR 2006 Paper | MAR 2002 Paper | FAQ | MIAME | Email GEO
MCEI= GEO 3 Mot logged in | Lagin

Gene Expression Omnibus: a gene expression/molecular abundance

repository supporting MIAME compliant data submissions, and a curated, [l

online resource for gene expression data browsing, query and retrieval, GPL Pplatforms 4303
So comples Paites
=l GSE Series 9369

Total 258289
%Ja[aSets || | Bcead
F—r || “ =00 | Site contents

Documentation
GEO Overv_iew | FAG
$55955190 || “ I Subrmission guide

Linking & citing

GEQ BLAST Journal citations

Programmatic access

- N — Dataset clusters
DataSets Platfarms GEO announce list
Data disclaimer
GEOQ accessions GEO staff
Query & Browse
Repository browser
Submitter contacks
SAGEmap

FTP site
GED Profiles

=1. . . ; | |Cr _ . | GED DataSets
Direct deposit  update sale new account Deposit & Update

— - Cirect deposit
% Web deposit / update | Wehb deposit
Mew account

GED help: Mouse over screen elements for information

Get GEO accession l:l Scope: | Self ¥ | Format: |HTML | amount: | Quick ~| [

Depositors only  User: I:I Password : I:I W Recover a password

MLM | MIH | GED Help | Disclaimer | Section S08




Array Express - EMBL

EB-# Reset [ Give us
2, Sﬁrg All Databases w | Enter Text Here Go ‘:f;m; sarch  feedback

H N

| 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
Experiment, citation, sample and factor annotations Genes Experiment and sample annotations

(| | | | 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!

ArravExpress User Survey

Help | FAQ | Tutorials | Citing
Submit data to ArrayExpress
Programmatic Access

FTP server for public data

Software Downloads and Statistics
GQuality metrics for microarrays
ArrayExpress Scientific Advisory Board
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SMD - Stanford

SMD

| Links | Help |

SMD Login

User Name:
Password:
LOJIII

Publln Data

Public Logln .
Publications 9 '
S 0.U.R.C.E @
Garynsoope @

SMD Announcements

Dozens of new data analysis tools are
available from GenePattern. Reglstered
users click on the 'GP'icon in their
repositary.

+ Euxpression Connection: from a
publication data set the user is allowed to
view and manipulate the cluster and the
expression carrelations. Currently only
available for Tuberculosis and
Streptomyces.

e (2
(22
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Recent Publications

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
promoters. Sinha 5, et al. (2008) Genome Res 18(3):477-83

A dermal HOX transcriptional program requlates site-specific epidermal fate. Rinn JL,
et al. (2008) Genes Dev 22{3):303-7

CSMS 1sopeptidase activity links COP9Y signalosome activation to breast cancer
progression. Adler AS, et al. (2008) Cancer Res B8(2):506-15




RNA-Seq
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¢ EFFIENGE EEE b
O FHEmE L, NREHS
O RNA-Seq##ES4r: HEkK!
® JSIREREINGR &£ FE
& TECHNERE

ﬁkﬂ%%%§$
& EER T T

Bioinformatics, 2025, HUST




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 & #rints

Poly(A) end-reads
—
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RNA-Seq vs. DNAR: K

0 RNA-seq ] LA & I FTRVE F A A] T E 2 R A0E
, DNASYH R EEN 2 MEER AN TRIA
O RNA-Seqtt £ ERFBHRSHFHNBITEES:
== Afﬁig
[ RNA- Seq?I‘EI_JE’Jy—“LuMz_IUﬁSITI_JE’Jﬁ?l‘ﬁ
& BHix %*E (SNPiF)
& IEFEEL (FEELSTR)
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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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by 1

ESSEn levels

u

—r

O {X1E

EFFEREFEENGEE
hFRIER, BERHS

O &[E

217

—
R RS EFSHE R, XEME

& DNAT B3] B FRIiA Kk = 046 A~ w8 i 2%

Medium

Correlation = 0099

=R )b

Expression levels Dy

High
Comelation = 0177
ot P i
i i.ﬁf« e
N R
a5
] ey
a3 10 1 ]

Mature Reviews | Genetics



RNA-Seqiyalgi: #EE

7 mMRNAScDNAREZ I A[E

IR 1SHe

O F|FHoligo-dT35|4915 2| fYcDNAE {iji[=])
R un

1 RNARESLEES F13 i ER R D

RMA fragmentation

Tag count

Mean count for 5,099 genes




RNA-SeqBY R

O #

d

SOLID

HiSeq 2000

Correlation coef:

10 - 094/093 _
5 -
|:| -
=57 .
—40 4
—15 - i i . i ,
—-15-10 -5 0 & 10
Taghlan
Gorrelati_on coef:
j0-  098/097
5 4 " <1
0 - /
54 gE
0] #F
-15 -, i i . i ,
—15—10 -5 0 & 10

SOLID

HiSeq 2000

HuGene:

Correlation coef:
093/092

-15-10 -5 0 5

10
5
04

-5 -

-0 4
-5 -

Taghlan

Correlation coef:
0.89/0.92

10

HuGene2

-15-10 -5 0 5

SOLID

10

HuGenes2

O HuGene2: Affymetrixith 5

10

—10 -

[ HiSeq 2000F1SOLIDMF 4 th&E R

A Y

i

Correlation coef:
09/0.9

—15 -

-15-10 -5 0 5 10
TagMan
Correlation coef: d
0.89/0.92 20
s 15
T o
.-.'_:_.'EM' E 10
I R o
]
]
-15-10 -5 0 5 10

HiSeq 2000

JgPCR (Tagmanz{PrimePCR) &iE3RI1E
O ARIFE MRS

Correlation coef:
0.85 /0.86

.-c",_'af-:'. s

IS




RNA-Seq##E: EFEEE

Exon: 1 5
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# Junction Reads:
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RNA-SeqZ#ERVA—1L

O A
O A

“ElHERZBEEE:: MFEREAE

‘FEEZ

|E_|.| %L’I‘EI‘JH‘H"@J»

YRNEAS
[ RPKM (The number of reads per kilobase of

transcript per million mapped reads)
& BRAA
& flan, MEFE107i%EEr, 8*108A] o],

# 1kb325E A (L), 2

o] i e BT kb RV EL

& RPKM =1000/(1 * 8) =125
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Brain technical 2 (RPKM)
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T RNA-Seq vs. DNARH
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3 Lander-Waterman model
@ BREPCHNT, MEFERENDIER
& MR TFRBEEDA=NIC
O & %E8Y (Truncate) JHR TR
& RAEEZ Vo TFHN0K
® KBRITMOHEL-RZIE
O FitaFUBIxMERFSRRS S

1 —AF
® PriX,/d) = i 5,

® K; p(A) = XX, Pr(X;|A) = 1 — poisson(0,})
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O EZRREEESH
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[ TSPM: two-stage Poisson model
& NFRTAERRRRIEIE
& ZEWRAILUENEREARETE
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fa_In45r%: DESeq

[J NB: Negative Binomial (Pascal) Distribution
& BN AARIIERP, KKMER1-p
& ZHRKRMEMZROXKINSEGE, N

f{fc;r.p}zpr[ﬁf:k}:(k_'_r 1);; (1—p) fork=0,1,2,...

O RNA-Seq#

J
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& EHIEREE FRNEIK, MR
& BEAXHIRFERES,

iy
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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

DIOITNUITTIAULS, £ULD, MMUD |




A =IR4y % vs. AR5

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

E2k), B ()

[

(a) (b)

0.18 -
.16 =~
0.14 -
02 =
8.8 —
0.08 -
0.06 -
0.04 -
0.02 -

variance

squared coefficient of variation

" 8¢ 6 2 49¢ 60 dE®
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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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[ AS, Alternatively Splicing
& 92-94%M AKX ZINE T EREFEATETENR
[ Major isoform vs. minor isoform
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— i i Heart
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| |
+=100 bp chri12: 97,511,900-97,516,650 bp
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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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