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EYINTFIET 5 %R (Kapranov et al., Science, 2002)
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The ENCODE Project Consortium, Nature, 2007)
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Nagalakshmi et al., Science, 320, 1344-1349, 2008.
polyA RNA®D |~7/7</7U7|~ LT —% (RNA-seq)
IIIumlna*j:G)——1’335bp0)i£EEE§IJ
BIZFHRRT —IN—X(GEO) IZE&HFF

M GSE11209 w

Gene Expression Omnibus

GEQ Publications FAQ MIAME Email GEQ
NCBI = GEO = Accession Display Mot logged in | Login

GEO help: Mousze over 2creen elements for information.

Scope: Self ~ Format: HTML ~ Amount: Quick ~ GEO accession: [GSE11203 |E
Series GSE11209 Query DataSets for GSE11209

Status Public on May 05, 2008

Title The Trarjscriptianal Landscape of the Yeast Genome Defined by RNA

Sequencing

Organismi(s) Saccharomyces cereavisiae

Experiment type  Expression profiling by high throughput sequencing

sSummary The identification of untranslated regions (UTRs), introns, and coding

regions within an organism remains challenging. We developed a
quantitative sequencing-based method called RMA-Seq in which cDNA
fragments are subjected to high throughput sequencing. We applied RMNA-
Seq to generate a high-resolution transcriptome map of the yeast
2009/10/21 genomeand demonstrated that most (74.5%) of the nunrepentwe 22
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+SRR002059.1740 :7:1:446:160 length=33
IITIITIIIIIIIIAIBIGITIAII?=$66%5.)%/
@SRR002059.1741 :7:1:883:724 length=33
- ATTAAACAAAAATATTATAATTAGGAAATATTT
/7-/1\@35'] +SRR002059.1741 :7:1:883:724 length=33
IIIIIIIIIIIIIIITIIIIIIIIII"@IIIIIT
@SRR002059.1742 :7:1:568:594 length=33

%ﬁ;ﬁ,iﬁg—#@o) EE +SRR002059.1742 :7:1:568:594 length=33

ITIIIIIIIIIIIIIIIIIIIIIICGIEIIL, "8

Untranslated region (UTR)®M [&] € @SRR002059.1743 :7:1:845:772 length=33

ATTTTTATATGAATGAAACGCCTATGGATATAT

%,ﬂl]é;h,'t[,\f—/f_/I\D/U)EEWU +SRR002059.1743 :7:1:845:772 length=33

ITIITIITIIITIITIIITI?GIITIITIKIIBICI

L*RE"]E%&DZIPJGDHIE @SRR002059.1744 :7:1:303:168 length=33

TACTTGCCAAACTACGATGACATGAGACACTAT

RKENDEUVERS] (shortread) ZULWDIZIEL < &FEIZH / LERF|(Z
XV TIToM?
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n [“REOEWEHNZ“—DDY /LEF Iy TT B1-
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BLAST(Altschul et al., 1997)% & 13 IEIRERY
[“E—@DyTEH %" yaﬂld)ﬁﬂﬁlh'—’)'l HZBEWEHLELEFEE

BLAT(Kent 2002)%: &+, 3EIR =M
“REDZEZEZIRVENZ“—DD7 /LB IITRYTTHILERETE
n HB—UY—TREERTIILTVX L

PatMaN (Prufer et al., Bioinformatics, 2008)

RMAP (Smith et al., BMC Bioinformatics, 2008)

MAQ (Li et al., Genome Res., 2008)

SegMap (Jiang and Wong, Bioinformatics, 2008)

SOAP (LI et al., Bioinformatics, 2008)

PASS (Campagna et al., Bioinformatics, 2009)

SOAP2 (Li et al., Bioinformatics, 2009)
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A A B B
gene / X, X, X120 X1, gene ! X;1 X, Xpg3 X4 oo genel X1 X, Xz X4
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EARFEY A= ZA'

ma signal-to-noise(SZN)%}EE-f% e

R(i) = A —B' <« ZHEOTHDE BARDE S Z—AJZ;(A' A’

TA' +UTB‘ FRAE U, = |- Ay’
AFEADILLDE BERNDIELDE n, =6,n, =5.n=n,+n,
X EL (loa2ZEH#) BDT—4 R(L) = 6.42-4.00 241
- Aﬁi - | .Bﬁ - 0.08+0.35 0.43
2 genel Aﬁi; A;; Aﬁj.; A;:l Aﬁj.; Aﬁﬁ.:l B;.; B;; 543.:; B;; B;.; R(2) = ggj;igg - zgg =1.35
e N NE g asse an_
METEDMRIENKRE L > (EHAERETIEERF
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\/ A+ B —([F5DE { Y -yt T (nB—1)}
Ny Ng
6.42—-4.00
s R =t"= =15.17
Xt B ZE e (loa2ZE M) DT —4 J0.08%/6+0.35% /5
AR BEF 6.34-3.38
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m WAD:logttZEAKELDD, £AFRIZY

Kadota K, Nakai Y, Shimizu K, AMB., 3:8, 2008

X% (0~1)DEFEIZFRIZIE

EEEH

W i - sch e N -t [ -
JFILEEOSWVVEEFNLEAIZHEK MO
— N E E X)—min(Xx
P, 'h Eiﬁ% 75\ (T 7’—: %}E El-l_i Average Difference
(AD)#rstE  FHIUFILERE|  WADHEE
o p-A]  [x=Bral7 | [WAD = ADxw
unlogged data log,-transformed data | ) I} |
Gene Al A2 A3 Bl B2z Gene Al A2 A3 Bl B2 AD rank X w  WAD rank
genel 128 64 128 128 64 genel 7 6 7 T 6 0.17 o6 6.58 051 009 5
gene2 1024 1024 1024 1024 1024 gene2 10 10 10 10 10 0.00 7 10,00 1.00 000 o6
gene3 512 1024 1024 2048 246 g gene3 9 10 10 11 8 0.20 5 957 094 018 3
gened 1024 1024 2048 256 2569 gened 10 10 11 8 8 233 3 9.17 088 206 1
genes 2 2 2 32 32 gene> 1 1 1 5 35 400 2 3.00 0.00 000 o
gene6 2 4 4 64 128 gene6 1 2 2 6 7 4.83] 1 4.08]0.15) 075 2
gene? 16 8 32 64 8 gene’ 4 3 5 6 3 050 4 425 018\ 0.09 4
AD. :‘_. _E‘ XU = (_+E)/24:LJ W% —min(x) Y
' max(x)—min
AD, o =|(6+7)/ 2 (L+242)/3| oo = =((6+7)/2+1+2+2)/3)/2 (x) —min(x)
408 Wy _408-300 ..
=4.83 %1% = 10,00 —3.00
=] = N = < Fh 2k =
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m {EFE 7Lt (Fold change; FC) IZE DSV ¥ 45%

2-fold, 3-fold (FC)

The limit fold change model (Mutch et al., BMC Bioinformatics, 2002)

Rank product (RP; Breitling et al., FEBS Let

t., 2004)

WAD (Kadota et al., Algorithm. Mol. Biol., 2008)

T e

a signal-to-noise statistic (Golub et al., Scienc
Student’s (or Welch) t-test

SAM (samT; Tusher et al., PNAS, 2001)
Samroc (Broberg, P., Genome Biol., 2003)

e, 1999)

a moderated t statistic (Smyth, GK., Stat. Appl. Genet. Mol. Biol., 2004)

Intensity-based moderated t statistic (IBMT; Sartor et al., BMC Bioinformatics, 2006)
Shrinkage t statistic (Opgen-Rhein and Strimmer, Stat. Appl. Genet. Mol. Biol., 2007)

m T
Probability of Positive LogRatio (PPLR; Liu et al., Bioinformatics, 2006)
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FCPC (Qin et al., Bioinformatics, 2008)
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n FIRLTEECF(I—HD—EEF)DETE
B2 DELFICTOWNVTHEEZEHL. 50X T
FRKEIROH (K512 (Kadota et al., AMB, 2009)

 RE-REEEROBS
 BREEHROES

m Gene Set Enrichment Analysis (GSEA)

T/ T aVviEHmA S E R EMERAOENTFE

s AICEYMNIBTAEEFEVEFTEDICLUTHEMN
Bi1: BR1ERY) VBB IZBER T HEinF v (KEGG: hsa00190)
B2 : iERABRPER1EICRAR I D= F 1y (GO:0006635)

s LT HZHETEDELGFEYIOEL =M E S EFE
JREEARER  BILVTALY
IR ER - L VY=

s RILDEEFEIYMIODWTHERTZITL. BILVEEFEVNESIE
positional gene sets
pathway gene sets

motif gene sets - HRARGE R TOREFTHAAIEE
GO gene sets
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BRRITELFEYMEIMSIQDBM ST W

m 5] : KEGG Pathwayig{zFtvhk

K'n?

(] E F = H I
1 HSA20 O GLYCOLYSIS_AMD GLUC ONEODSGEMESIS LOHC LOHB LOHA ADOHT PiSAMT ADHI B PiE AN AOHT A £
2 | H5A00020 CITRATE CYCLE DE0OHL DS0OH CLYBL IDH3G LOC28339 IDH2 10H1 SUCLAZ  F
3 | H5ADQD30 PEMTOSE PHOSPHATE_PAT HWAY ALDOA TALDOY  ALDOC ALDORE PSD TETLZ TETL DERA F
4 HSAD003 IMOSITOL MET ABOLIS K ALDHSAT TP
5 HSAQ0040 PEMT OSE AMD GLUCURCMNATE IMT ERC OMNYERSION UGOH LET1 AT UST1AG  UGETIAS  UST1AS  UGT1AI  UST1AER  UST1 A4 L
5 HZAD0D51 FRUCT OSE_AND MAMMOSE MET ABOLIS M ALDOA SORD PFEFB4 H=D3B87 PFEFB3 ALDOC PFEFBZ ALDOB F
T H5ADODRZ GALACTOSE MET ABCLIS M LAalLBA HSD387 HEZ2 HI1 SEPCZ SLE GALEZ (BT F
2 HSADDOOS3 ASCORBATE_ AMD ALDARATE MET ABOLISM ALDHTAT ALDHIBY ALDHTAS RAIOH JS0OH ALDHZ AlLDH3AZ ALDHSAY £
5 HSAD00G1 FATTY ACID BIOSYMTHESIS oLAH hAC AT AT AT A FAS M ACACHE (e
10 |HSADODEZ2 FATTY _ACID ELONGATIONIN MIT OCHOMDRIA HSD1 7E1C ACALY PETZ2 ECHSA PFTA H=O1 784 HADH MWEC R F
11 |HSADOOT _FATTY _ACID METABOLISM A0 HsO1 7BE1CACADSE CPTZ ADHFE] EHHADH ADHS ADHIC £
12 HSADQOTZ SYMTHESIS AMD DESRADATION OF KETOME BODIHMGCS2  OHCTH HMECS!  OXCTZ2 BDHZ2 ACATZ2 BOH1 ACATH F
13 HSAD OO BIOSYMTHESIS OF STEROIDS TMTISEF2 EE0H EBF b O CHPE1 AT HMGCR FOPS LS5 F
14 |HZADO 20 BILE AZID BIOSYNTHESIS ADHFET H5D387  ADHS ADHI G ADHG ADHI B ADHT ADHT A £
15 |HSADD 30 UBIQUIMNOME_BIOSYMT HESIS [N HMOUFB11 D4 [ O5 ] KO3 MOUFAT3 COQ7T E
16 HS5ADD 40 021 STEROID HORMOME_MET ABCOLIS k H=D3B2 CYPM7Aa1 HSD3IB1 AKRICd CyvP11Al CYP21 A2 CYP11E1 CYPi1BZ2 F
17 HSAD B0 AMDROGEMN AMD ESTROGEN_MET ABOLIS M ARSD ARSE CYPI1BE1 CYP11B82 SULTZ2BE1 PRMTS AKE1Cd  PRMTZ F
18 |HSADDM 50 OXIDATIVE PHOSPHORYLATION ATPEAPT MNDUFABT COXEA CoOxREB ATPS ATPG JRICR COxas £
19 |HSADOZZ20 UREA CYCLE AMD_MET ABOLIS WM OF ARMIMNO GROUFSAT AlLDH1I8A1 SREM [+ A5 ASE SATZ ASMAT AL £
20 HSAD0230 PURIME MET ABOLIS K ADCY3 FHIT ADCY4 S04 A ADCYE GhPRZ ADCYT £
21 HSADO232 CAFFEIME MET ABOLIS M =[OH CYPE2ATS MATH MAT 2 CYPEAG  CYP2ZAT  CYP AZ
22 |HSADOZ240 PYRIMIDIMNE_MET ABCOLIS M CTPS DT Mk, cAan CAMTI PRI MTE b MNTSC3 PRIk
23 |HSADOZE1 GLUTAMATE MET ABCOLIS M ric Lz GLUDZ SLLUIDA SGHRPRATT CAD CIARS MRS R, SC LM

Y

Pathway ID Name Gene symbols
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m GSEA (Subramanian et al., PNAS, 2005)

m PAGE (Kim and Volsky, BMC Bioinformatics, 2005)

m Hotelling’s T?-test (Kong et al., Bioinformatics, 2006)

m GSA (Efron and Tibshirani, Ann. Appl. Stat., 2007)

m GeneTrail (Backes et al., NAR, 2007)

m SAM-GS (Dinu et al., BMC Bioinformatics, 2007)

m GSEA-P (Subramanian et al., Bioinformatics, 2007)

m Global ANCOVA (Hummell et al., Bioinformatics, 2008)
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N _ Kim and Volsky, BMC Bioinformatics, 2005
g
g
PAGE;A

m Parametric Analysis of Gene set Enrichment® &
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FEGFITOVTHHEIREZD T —2D Average
Difference (AD)Z&t& AD'=A'-B',  (i=12..,a)
AD DR REERTR
BK$H SEEF b (5:i=5,89, 684, 2543, ... IZH Y
I HEIMEDEIEF) DADD IS ZEHE

S, =(AD® + AD® + AD*** + AD****+...)/m
ZAOATHEE 7=(S. - pw)xJmlo

ZAAT7 DiEHENREVELRFEYMNEE
“HBEITERYRIRZEFHLTLVS., LR
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O} o5 AR ES -
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B9 > B B sE B F (b)) D ENE (b/a) |
&
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LG EDHRIZHHHEEILEY) EE1ER]
o HEEEF#(C) DENE(c/X)]
=

a genes

A
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a genes
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Ans.1l: HIWEENEEZFD T T2 % (gene-level statistics) (L1 1<
LbTHH S

= PAGE: Average Difference (AD) — (SR ZELZFDLD

s GSEA:S2NffEtERGE

= Z®Dfth:Rank products, WAD, SAMZ%:&E
Ans.2 Bk BHLHEEGEFEVFDRYES WV (EHREE) ZRIELHH
£t = (gene set statistics) [FL5THH S

m PAGE:Z{&E

s GSEA: Enrichment Score

n DM FH%IERL, AUC, medianZi &
Ans.3: BEGZFTMI SFEELKOMEZLNS

= sample label permutation

= gene resampling
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Ackermann and Strimmer, BMC Bioinformatics, 2009
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- 7/7'—/3/'|ﬁ$&75\ =75 EWHE (L Gene Ontology 4>/
ADTADFEHMMNE
—>%(@iﬁﬁ?t’“ﬂ*é‘ﬁﬁ%f%éaGSEA%?%’EEFﬁEIﬁ'é
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|/7)L)€77Z9—(E$) |[ZLTULEFE (Unsupervised
earning

¥Faﬁl:|:$5‘z - ?'Uvj’)b - FRIER

gene / X11 gene /| X, gene ] X, X, Xp3 X4 oo
A B B R
gene 2 X2,1 X2,2 Xz,2 X2,2 gene 2 X2,1 X2,2 X2,3 X2,4 gene 2 X2,1 X2,2 X2’3 X2,4
. UA A B B . .
genel X X Xio Xz genel X, X, X3 Xy gener X, Xip Xig Xy
A A B B
genen X, X, Xi2  Xno genen X 1 Xy, Xi3 X4 oo genen X, X,, X3 X4 -
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] _\\ I Eisen et al., PNAS, 1998
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Bittner et al., Nature, 2000
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K-meansZ>RA2 Y

s [KEDOSREA—IZHEN(KOMIEIEBWITRE)TH1EF
HIEEL. BIVTRAEI—ADELGF (Y TIL) DR D
MM ER/NMIBEDEILBKE D ISR F—EERL

9 2481t~ v T (SOM)
- A5 3 4T (PCA)

I|I,
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r=1 » D=1-1=0

JFEED=1-r (0<D<?2) r=0 » D=1-0=1
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0.5

0.0
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$=="°

(Dl,S + D1,4 + D2,3 T D2’4)/4
=(0.50+0.89+0.47+0.84)/4
=0.68

—— g ——

= 0.47

SEEEREDEZE

max( D, ;, D4, D,3,D,,)
=0.89
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K-Nearest Neighbor (K-NN; K-gzii %)

Support Vector Machine (SVM) £ HRAER A
Neural Network (NN) 7/ LA EIER LR

Naive Bayesian (NB)
Multi-Layer Perceptron (MLP; ZE/\—t7+0OY)
Weighted Voting (WV; E& D L8R %)
Decision Tree

etc. ..
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