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B R SEFEE

O EREZIMERXLEZE BT
O 3%354H (Transcriptome)

& MR BRNASDF, B EmMRNA, rRNA, tRNAF]
H{b3E4RAD (non-coding) RNA

] ﬁﬁiﬂ?ﬁi (Transcriptional regulation)
& E[XH4E (Gene regulation)

@A > RNA > Protein
L33 BhE

« 3%3% (Transcription) } ) )
« 3£ % 5 (Post transcription): RNAf2E M4 ¥kl

« #1i% (Translation)
- #1i%f5 (Post translation)




EEFRI1E (Gene expression) 534

O fRE] (Snapshot)
& FIAEFERNARIAKF
& IR KENHE

m thIJLT FEEKEH], EEENETML, P
ARRIE LA E T

O L*ﬁl‘ls’%ﬁFT, P E AT AR E
X, AgeEAIhEE LAYREL

O _IIJM L RIZHY B E B TP IRIR

O EFEFRIARE 7] LU KSR 7 5 B4R ATE
& EIERVISHR
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HRESEFATENEZMRZAR

O #3548
& PSR NE AN R
& ETDNAZ3AZ: WHES/EETSH (Microarray)
& ETS5E=ENF: RNA-Seq, Small RNA-Seqg¥

& E0R-DNAMEEERXA
® o/ : ChIP-chip
& ETSEENFRF: ChIP-Seq, Methyl-Seq%
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HRRAFMARARNE R

1995 Patrick O. Brown#f
SEAKEHCDNARF : 1
B EE B FRIAK T

2002 Affymetrix’A &), %&FR 2008 mMRNA-Seq#i AR
“WES R (Tiling array), RN FIRT—N
ZIMFNERE. FHEHFE FIARBEIZNEMRNA

ME K
RNA-Seq: {ifE%RTRIFEA

Bioinformatics, 2025, HUST




DNAt:/ (DNA microarray) g

O EREit R/ (1987)
& R\RLMER (immunoassay)i 75 3E T LAU#
O SiEE. &L NorthernZ:3z (1995)
& [EFNE AR TNEERNRIEFNR
& J¥mRNAREFERcDNASE B ERYIRET 2232
& REWHET MR LR
W :u)#EI’J{ZIS% HEE /D HEHEMBEN
O EERXIFEANEES
O ;iﬂﬂ%’S*“E’JIuH.
& HAOH
& EHRS
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EASEBNZEE: 100-1 million DNA 4$H/1cm?

@@@@@@@__+®®©©®®®

PP00000 BT A

DA AR AU

S HE R EIDNA/RNAKR 5%
Jefnic, ATLAEERIGEER
FIRIKFE
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E At h AR RE

O IRFARFE., IReHEBHA

& Short oligonucleotide arrays (Affymetrix)

& cDNA arrays (Brown/Botstein)
& Long oligo arrays (Agilent)

& Serial analysis of gene expression (SAGE)

O REWEK TR

& HjH8 (Single Channel): — 36 —FURAS

& YWHi& (Dual Channel): R FRiAE

AL

N
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M FERAIDNALH

O cDNA microarrays: #%500~5,000bpHJcDNA[E
2B E (Flan3EEE), StanfordF%i&it, 1B
w ARBIE

O DNA chips: ¥ E#Z%EHEEHR T (20~80-mer) SR
A b, AffymetrixF&i&it, BENHIRE
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cDNA microarrays

J DNAZEE

3]

AEA: IR, EENEL
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cDNA microarraysgis$il & %

Robot spotter Commercial DNA spotter

SEEEWA
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Z FRIAEFE R Hik

; 96, A Comparative
' ' Hybridization
\ Experiment

e ee e ve e e e

e faLa e e faua e
s dee@e sdasewe
e s Cas@s, *TaCceasds

Copyright © 1998-9 by Jeremy Buhler

5
(

3 O

P

3¢ — 5

~-55

1 3 5
R N
Cy5

Treatment / control
Normal / tumor tissue

Brain /
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B 1EFRYcDNA Microarrays

G o

= N -N-E Y
=

CEO0OC.cC
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]
o
@ u
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J
@
L
)
o

- & G

| ]

L] aBE @ ]

G C &

]
&

L 2 N R K N ] LN LN ] L X &« & L
sree
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=N -¥ -R - R ==Y RS
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CecGo
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B ERAER W IE

mRNA 7

sample1 sample2 sample3 sample4 sample5 ...

0.46 0.30 0.80 1.51 0.90
-0.10 0.49 0.24 0.06 0.46
0.15 0.74 0.04 0.10 0.20
-045 -1.03 -0.79 -056 -0.32
-0.06 1.06 1.35 1.09 | -1.09

o

b

3

=it
arL ON-~

i
>

IFEMRNAEZ ) B ZRIEIKF
- { Log (Red intensity / Green intensity)
Log(Avg. PM - Avg. MM)
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Affymetrix GeneChips

O EB#Z%HEBL5E (Oligonucleotide)
& —fiiCE J920~25bp
¢ ENERERR 10~ 40N T EINE R E R
O SN EREFERZEHERERIEE

& fEEEFEEEEH—

8 AEEEE
O GeneChipRyHl&

& O H: Y%l (photolithography)

¢ ERAR— I HE

AN

2
N

W
NN

SN
INER

N

SR
-

N

b N
S

RS

SN

b

SN

WY
NN

SEN
A ¥

N

e
0

N
A Y

X

-
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Affymetrix GeneChips

mBENA reference

on
-

V4

T4

? 7 ? 7 s s e \f ? 7 7
DNA probe pairs
Rl.’.ri?l'i?ll{:i!' SCueriee

-+ TGTGATGGTGGGAATGGGTCAGAAGGACTCCTATGTGGGTGACGAGGCC: -

AATGGGTCAGAAGGACTCCTATGTG Perfect Mateh Oligo
AATGGGTCAGAACGACTCCTATGTG Mismateh Otigo

Fluorescence Intensity Image /

Perfect match probe cells

S
N

Mismatch probe cells



2

A Probe Set (DNA Chip)

Perfect Match —»
Mismatch —™

Perfect Match AGGCTATCGCACTCCAGTGG
Mismatch AGGCTATCGTACTCCAGTGG
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=i FERIGeneChip




Human T-cell Human T-cell

O o
+ HIV

i RINA extraction ¢ RIMNA extraction

— RNMNA
Reverse :mn:.'u'ripljm¢ -\L RT-PCR "‘/" ¢ Reverse transcription
cDNA = cDNA

Label green
and hvbridize
o spotted array

Label red
and hybridize
to spotted ammay

cDNA array

In virro In virre
transcription transcription
cRMNA cEMA
i Fragment and label. i Fragment and label,
hyvbridize to array hybridize to array

T Affymetrix GeneChip Affymetrix GeneChip



Normal RINA Experimental RINA

4 RT-PCR 4 RT-PCR
Cv3 Probe Cy5 Probe
+

Hybridize
Wash
Scan

Yelloww = Equal Expression
Green = Decreased Expression
Red = Increased Expression

J‘

I_r-' |*
|- :
&

TreeView

[FETET = =)
':N T, i
.:—lrd:I s P Haly
Ak |
| | ;Nﬂ: |

Fh D |yt Sk | S b | F. i Ebaniroray | Sl Cogarserysioma | P25 |

Fma Caaar

I P - = Py

I 10 B i iw [
ik [T s dejig o [©
M =wbvad-Hrtdi=

Cluster

(= O I N R ]

ooy cve, HUST

4 B

e

D

Microarray Scanner

| [YORF  NAME GWEIGHTspod  spodl

2 EWEIGHT
3 | YALOOWEFEl

4 |VALOOAW YALOMW
3 |VALOOSC 55Al

6 (YALOLOC MDMIO

l
|
l
|

E
l l
05 LB
040 0.3
0ol 40
0o 415
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W ELSF (Tiled microarray)

O SEZEEFAAEMNENXE, 8B EREA
O &t IRET e B EFY ERNE— P EERT
O —AEREEFY

BEEAF

RET A/ FEIBRRE S F RIEHTE (Resolution)
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HhitxF: ChiIP-chip

S SIS A
D %@U\%Ew\;ﬂal{ﬁ G@@
& Chromatin conicaic DNA to1K> |
immunoprecipitation It
(ChIP) | |

H E;- E & E D NAE’]@E% Add specific antlbidy l
& R EAT
a ﬂ&lﬂﬂ;ﬂlj —EE E Immunopre0|p|tat|on | :?nek\;e;% (;Sﬁ?y

DNA

Reverse cross links
and purify DNA v

R RO
+ Cy5 | Amplify and label | + Cy3

Hydridize to
microarray
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ElR AR S BEirEL

HiEEE AT

red (high)

| blue (low)
black (no)

#,
&
&

8
) #
&




O #Miigk: ERRAE
O ER59E (Segmentation): NS ERN S K
O MERE: ENMEEXERIPME (mean) Sy

(medlan)

0 BERKIE: EEfE2E

ER X E KA (SRG) Fixed Circle




EEARIENE

NFETR, BATATLLHE
Red intensity =R - Ry,
fg = foreground, bg = background, and
Green intensity = G, - G,
and combine them in the log (base 2) ratio
Log,( Red intensity / Green intensity)

Green intensity (medium): ~1
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Microarray: i ZEHIKiR

O E&aoth
O ¥m
O DNAZ3Z 72
& BE
& A4)g)
& BEHSEE
O #HREEYERIC
[ RNARYIE

O )
O BHip log RNA abundance

log signal intensity
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Red/green tL{EE7E = B RO
M = log,R/G
= log,R - log,G

Values should scatter about zero.

12 14
A = (log,R + log,G )/2



HiEirEL

Normalized M

TEILRT ~ENS

13208 13206
i1
1
28085 57 10573 i o=
17 i aehETs
o L e
Ly g
- - 9 &
BE e
o - 5 ol ey R
R A
el
TaREEe
i
TR R i Syas 318815
. g %74
o e .
I
o
L 7261 281
o
0T
ot 12087 .
T T T T T T H H H '
6 8 10 12 14 16 & 8 10 12 b
A A
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2PN L€ Eha i

O ERRIEER TR

O EREERIESH

O ERERIZHIERIR R H
O & RFE S

O EFH =M%
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Z= AL EE R A

O ERRIEEER ST FHRAEREREL

HEE N EANEE

OABREEBER?
O ERRERNSTHEF AL (t-test or F-
test), XS BEMERFRENERH,

O g R 4b:

E

BERSEHARE, NERLTEX
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¢

3 Fold change, —f%2-fold 8% T (F4TSL
I RIEE AR D)
O p-value (FITSEIERIFEARRI %)

™A
i

/2 o/2




é

O T-test: EE£ 9%

O Excele’i#: TTEST(array1,array2,tails,type)
& Array1 ASE—NEUIRE
& Array2 hE MRS
& TailstER 7 HHIZZHIEH . R tails =1, EH

TTEST EFRERE 9% . MR tails =2, K TTEST &
AN E 5
& Typels t HIEHIAHY
21 pixdt
2 FREVHXIEIE
O3 REFEMNHEXRIKEIE
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O —REEFENE 7 1h
O FRENFERT
O Excel®#: =TTEST(B2:D2,E2:G2,2,3)

O C: %B8%4H; T: SCiG4H
C1 C2 C3 T1 T2 T3 TTEST
Gene1 | 1.322 | 1.676 | 1.457 3.526 | 4.234 | 3.879 0.001988
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¢

0 #ERACRHRBER S, F—1EERS, #E2—1
JH 37 BYSELE

O ZADRH: Si@E, >1 OOOAEx/ﬁﬁ

n 1t|: 9?:%: /Attix, Sef—LEEFHASESGITTE
Al RE—ZREHL = EI’J

m !zuﬁﬁﬁi%x_:ﬁ ER TR FUIE?

O 6]: 1,000 MREBREESF, p-value < 0.01
AEE, M7 LRAEER, 59ATEER, 7Hhse
REGREARITERENX?
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Bonferroni correction

O PR
& “Type 1 error” or "False Discovery™

O 29I $EIRZE (Family-wise error rate, FWER)

& ZERIWHRIE

Bonferroni correction

set o to desired a/number of tests
so: 0.01/1,000 = 1*10-°

O BEERTRIEE

Z5p-value < 0.01 AR E

e

3 71,000 EE E’J%%R WA[Z Ep-value < 1*10-5)
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AR & I

[ False Discovery Rate (FDR)

& p-value: £RHEAFZLHICNEIR
& g-value: FUMRERPBEZ L EIERY

O R\p-valueit RN ERFKILEERIg-value
O Fp-valuedzg N\ /MBI KiFITHER, itErank{E
3 5)an, wJ;

£%2g-value < 0.05XH1&

Benjamini—-Hochberg correction

Count ¥
Rank %k

q — value = p — value X
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B EFRIE T

¢

O ENPMAERFEET (BHEIFFIRTE 3G

EEAXMYRIEZ G

[ Gene 1#E55Gene 2#. Gene 3#f1Gene 4#34

RIK?

0 HRIA:
& IEfHX: MIARIRIAE, AREFEL

E KBk

@ TIfEX: HRHIREE, TREFEEE

), BE

Gene Name T1 T2 T3 T4 15 16
Gene 1# 1 2 3 4 5 6

Gene 2# 100 200 300 400 550 610
Gene 3# 660 540 430 320 210 101
Gene 4# 1504 215 357 2545 1670 998
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HABHEXME?
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Gene

14
28
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44
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EE XM

[ Spearman rank correlation

J Kendall's tau

O Euclidean distance

[ Pearson correlation coefficient: -1 ~ 1
O Excelef#: =PEARSON(array1,array2)

H
D (x, =), - V) X =

i=l1
n 7
e -\ 2 | —\ 2
> (x,—X) \ > (v, -7 5 =
Tu21 y [ o
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)

S | - S |




Pearsonfgx &

ZH},_ZZZY

& r~-1, fafHx r=

_ b'e 2 . ¥ z
!{ZX--{ZN} 04 -{ZN} )

Gene 1# Gene 2# Gene 3#

Gene 1#
Gene 2# 0.996368
Gene 3# -0.99988 -0.99611
Gene 4# 0.245292 | 0.254855 | -0.2395

O 251t : Gene 1#5Gene 2#FRIZIFHX, 5
Gene 3#31L5atHKX, S5Gene 4#JcKEk
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Spearman’s rank correlation

O FRHEX: RETEZEETFERLER

R
O 5 Pearsonfi X R HAIX A : X
Rt 1 M B

HEHIE

Spearman cnrrellatiran=1 Spearman carrelation=0.84 Spearman correlation=0.35
45 Pearson correlation=0.88 5 Pearson correlation=0.67 % Pearson correlation=0.37
o) o LT "
B Lo s R 2F - Ceod] 2 = :
¢ ® o » ¥
i : feod '11' e awf
Eﬂjﬂﬂﬂfﬂ 1 S R ftaed 1 e e i PR
; : ® g € ogbge O
_ > 0 > 0 ooy P : .
_el ] & : : % @ Q_d ol s
? {;é:) =1 . QZI‘;_ =1 g %°® o Og':' L r_lo.
o O 5";' o b @
-10f g
o 2| ® e =2 g ® *
] a
~1500 02z 04 06 08 Lo =3— 0 5 4 6 L3 = =1 0 1 2
b X b
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ARNITEGE

O HXZRHp . oxa
O d;=x;-; =l
Gene Name T1 T2 T3 T4 T5 16
Gene 2# (x;)) | 100 200 300 400 550 610
Gene 3# (y;) | 1504 | 215 357 2545 1670 998
Rank x; 1 2 3 4 S 6
Rank y; 4 1 2 6 S} 3
d -3 1 1 -2 0 3
d? 9 1 1 4 0 9

A p=1- (6 * 24)/[6(36-1)] = 0.3143
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Kendall's tau

Bioinforn

T =

O Kendall tau distance: it YRR HEHN—BE 5
i -
Gene Name 1 T2 T3 T4 T6
Gene 2# 100 200 300 400 610
Gene 3# 1504 215 357 2545 998
Pair T1, T2 | T1, T3 | T1, T4 | T1,T5 | T1,T6 T2, T4 | T2, T5
Gene 2# < < < <
Gene 3# > < > <
Count 1 1
Pair T2, T6 | T3, T4 | T3, T5 | T3, T6 | T4, T5 T5, T6
Gene 2# < < < <
Gene 3# < < < >
Count 1
D K= 3*2/ [6(6_1 )] =02 (number of concordant pairs) — (number of discordant pairs)




Euclidean distance g

O RATEARNESE] R EZES

O E¥SEY: EEHEIMEREEE: 1HXE
& EHE X

d(p,q) =d(q,p) = V(g1 —p1)2 + (@2 — pa)2+ - + (gn — pn)? = J Z(m —pi)?
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EEREHMIFERIR K

O FRIEEHMUNEREREE—E
O EEB 5% 3] (Unsupervised iearning)
7 Pattern finding: ZIFTAIHET

1 BRFE:

€ Hierarchical clustering

& K-means clustering
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Hierarchical clustering g

O AWRGEKRFTIEERERIEZIE Object 1 2 3 4 5

BUFE (AT /HE <t 1
O R: F"EEREEREZ DA 2 2
/ 6 5
4 10 9 4
OBJECT1
5 9 8 5 3~
OBJECT2 Distance matrix
OBJECT3 Distance Cluster
0 1,2,3,4,5
OBJECT4 2 (1,2),3,4,5
OBJECT5 3 (1, 2), 3, (4, 5)
| | | | | | 4 (1, 2), (3, 4, 5)
U S 5 (1,2, 3, 4, 5)
Distances




k-means clustering

) W2

b3

[Systaratiilas
SIS

O B HITRE :

1

RELERITNE

1HE N

0,6

0,4 5

a2 T

——
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e
R
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k-means clustering -

= Auton"s Graphics l L | JI

O BEEIEES =,
AB— IR FIL

0,5 G o
0,4 T
02 T

.
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S
—.—

%0
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k-means clustering

0 HHEHEMRSKEA
= IR =X: 0}
O BE:

& BRICHEE

& SREE

& FRIMEXERHE...

,\“E’JE?S =L
RIL, YAMAN3E

— Aaton’s

Graphics

0,0

|)‘;

0,4

0.4 L

0.4 0.k

x07
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k-means clustering

O %I-X‘ ﬂ_g@q:'ﬂ']ﬂ— = T B
=, HEESHME | |
SHYEEE, A, BR
YREEI=Y:nE-d=

O REFHFOSR, B
S B3R E A
B FIE R

O fREFIS TR !

Bioinformatics, 2025, HUST




k-means clustering

O &X2 3, HEER |

1585,
O SEFRER{ERT,
SEE YL ELETIE]IE

—RRIEEIER IR, | - -

4n1,000,%

D

£

—

K,

Auton sz Graphics

R |~

0 0.2
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k-means clustering

RELER: hEEE

:u)—*.%l

3 Z%4F: Cluster 3.0,
Michael Eissen,

Stanford

J

RIS
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EREREHBHI TR

0 RIBFEFERIEBIBFEFER TR LK

O B5 %3] (supervised learning): RiIELINAY
patterniFE 1 TN

O MHA:
& JRIE vs. IEEHA
¢ EENTE, AEHE (RER vs. EER)
& 2508 R E (tamoxifen for breast cancer)
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Diffuse large B-cell ymphoma (DLBCL) %

1. BB LNEHTRZ
E]:pEFA

2. RFEERARN, BEB
T FTRY BB RER A

DLBCL: HREH: kB4 i vk B g
GC B-like DLBCL Activated B-like DLBCL GC B-l | ke ) /Aj_‘l:yi Elj ‘[:x‘ Bém H@ﬁﬁéﬂﬂ

7
S . ~=. Activated B-like :#}F IfL.3i% {4, B4
NWﬂ@m'nDOfHDGONNr'=-—mmJ-mwmmO-—mm-—inmilm—iwmilq-—lllio E@‘*EF‘EI]Z@

CANONN- OO G- ONNo0 . RONOAUNC— T~ ONNAU-Or S~ ONOT — IO
ooooooooooooooooooooooooooooooooooooooooooooooo

4444444444444444

444444444444444 = Bt o T o o i o B it i o B oo o R o it B St o £ o
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HERIE vs. iSH

Probability

Q
o

0.0

O GC B-likedy B &4 73 E Lk Activated B-like

I%%_I%_

Activated B-like

21 patients, 16 deaths

P=0.01

0

I | | | I
2 4 6 8 10 12

Overall survival (years)

Probability

1.0

o
u
|

0.0 | | | |

High clinical risk

P=0.002

14 pa'tient's:, 11 deaths

0O 2 4 6 8
Overall survival (years)
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10 patients, 6 deaths
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ErmIFHZ?

¢

0 BARSHFEHHIEPR

0s

00 02 04 06 038

1.0

N

BAEAXX (post-
prandial laughter)

e

e,

| HR=1.8 (CI, 1.2-2.9)

p=0.0072

I I I
0 5 10 15
time [yr]

OPEN a ACCESS Freely available online

RIAHRIE ST R X
1

Testing whether laughter IS the best medicine

PLOS compuraTionAL BloLOGY

Most Random Gene Expression Signatures Are
Significantly Associated with Breast Cancer Outcome

David Venet', Jacques E. Dumont?, Vincent Detours®>*




FEEFRIA vs. 12H

¢

os
00 02 04 06 08 1.0

O FEHLRYEE
PRiEE REMEX

3 FRiIEA g R FERMEM A B EEDEHF
O FgeREEp-value, TEEW
O ShRE,

FIMRE

v L
| HR=19 (CI, 1.2-2.9)
p=0.0066
0 5 10 15

time [yr]

00 02 04 06 08 1.0
L L !

TILFRICEE B BRI

MﬂE

N ERREBIRE

B2 R B £ 4 2 B 2 oL

| HR=2.4 (CI, 1.5-3.9)

Density
0.00 0.10 0.20 0.30

0

T T
5 10
time [yr]

15

EfEXFRIC S EL

S0 vs. BE#

log10(0.05)

mSigDB sig.
| random sig.

12 -8 -4 0
p-value (logyo)



EREE S

[ Gene Set Analysis
O BEERAGH, %3] 7 —Ht“interesting” B E[

8 ERRIEEE
8 M EREEEE, ERMERESES
O £¥FENgE LB EFEXEK?
& XM EREE?
O W'/ SthRZE

& EE A/ (Gene Ontology)

& KEGG (Kyoto Encyclopedia of Genes and
Genomes)

& B/l
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EE KRGO #:

B 7

O Hlan: Fi

26 873/\A§'§E
k2,683 E[E

E-3FS

TXYaE

%N,

#

HIFRIAIRE, ST
HRIAERE LF

AP EA T
HE tt?FS'EZJE y

O g ALEFEHHF2255 EEDNA binding

(GO:0003677) HIGO;¥ 5, LiARE

ARHER

O Tz LiEAER

D

E

nH5301 A

=5 EZ B BDNA binding
(GO:0003677)RIThEE?
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EEMRE: B/LAUSH

i
Enrichiment _ratio = %
N
‘f’ ..'1-! K.I I.j .a:l\'rr - .ﬂ-ir x.l‘
H f f
' o — _ | ‘
p—value= > ~—— ( Enriclinent _ratio=1)
¥1'=n LY ‘
A
or
( j\fir .\I‘ ( .a:ﬂ'"r'r — ..:14{ x-.l‘
H1 f f
m' \n—m' | _ ‘
p—value= > —— : ( Enricluiment ratio< 1)
il f :"".b.' kY Hk L
m'=0 2 ‘
S

~
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The top 15 most enriched processes and functions in SUMO substrates

Description of GO term Number of proteins Number of proteins Enrichment  P-value
annotated in group 8§ annotated in group W' ratio

The top 15 most enriched processes in SUMO substraies
Regulation of transcription, DNA-dependent (GO0006355) 26.1% (510) 0.0% (2174) 2.89 6.12E-121
Transcription from Pol 11 promoter (GO:0006366) 15% (69) (.8% (204) 4.17 1.OOE—25
Development (GO:0007275) 58% (114) 2.6% (631) 2.23 296E-16
Signal transduction (GO:0007163) 9.1% (178) 5.0% (1207) 1.82 2.06E-15
Regulation of transcription from Pol Il promoter (GO:0006357)  2.7% (52) (.8% (192) 334 4.13E-15
Protein amino acid phosphorylation (GO:0006468) 6.7% (131) 3.5% (R3) 1.90 545E-13
Cell growth and/or maintenance (GO0008151) I4% (67) 1.4% (341) 242 945E-12
Cell cycle (GO:0007049) 2.3% (49) 1.0% (240) 2.51 149 E —(19
Intracellular signaling cascade (GO:07242) 4.6% (90} 2.5% (609} 1.82 2.00E 08
Endocytosis (GO0006897) 1.4% (27} 0.4% (108) 3.08 971 E-08
Mitosis (GO:0007067) 1.3% (26) 0.4% (103) i1l 1.35E-07
Perception of sound (GO0007605) 1.2% (23) 0.4% (87) 31.26 2RTE-07
Morphogenesis (GOO9653) 1.2% (23) 0.4% (107) 2.65 1L.3ITE-03
Frizzled signaling pathway (GO:0007222) 0.5% (10) 0.1% (26) 4.74 1.92E—-05
Negative regulation of transcription from Pol 11 promoter 0.9% (18) 0.3% (74) 3.00 193E-035
(GO:0000122)
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1| DNA binding (GO:0003677) 27. 1% (530) 9.4% (2255) 2.89 LOOE—126 |
Transcription factor actvity (GO:0003T00) — — — — = = © I T T T TenTun T T T T T4 T T AME-§T T
Nucleic acid binding (GO:0003676) 14.2% (277) 7.6% (1823) 1.87 T.89E-26
Zinc 1on binding (GO:0008270) 14.6% (285) 8.2% (1968) 1.78 280E-23
Protein seringf/threonmne kinase activity (GO:0004674) 6.1% (119) 2.3% (559) 2.62 1.18E-23
Actin binding (GO:0003779) 3.7% (72) 1.1% (259) 342 425E-21
ATP binding (GO0005524) 13.3% (260) 8.0% (1925) 1.66 IOE-17
Protein kinase activity (GOD004672) 6.5% (128) 3.2% (776) 2.03 6.38E—15
RNA polymerase Il transcription factor activity (GO:0003702) 2.1% (41) (L6% (138) 1.66 1.L12E-13
Steroid hormone receptor activity (GO:0003707) 1.5% (29) 0.3% (75) 4.76 24TE-13
GTPase activator activity (GO:0005096) 1.8% (35) 0L5% (110) 3.92 T49E—13
Transeription coactivator activity (GO:0003713) 2.2% (43) 0.7% (158) 3.35 S.4E—-13
Ligand-dependent nuclear receptor activity (GO:00045879) 1.5% (29) (1.3% (79) 4.52 1.17E-12
Protein binding (GO:0005515) 11.9% (233) 8.0% (1907) 1.50 158 E-11
Calmodulin binding (GO:0005516) 1.8% (35) 0.5% (132) 3.27 231E-10




Tool Scope of the Level of User interface Application  Platform Supported mnput IDs
analysis abstraction type
Onto-Express  All GO categories  Fully flexible: different Java GUI Web-based Any GenBank. UniGene, Entrez Gene,
levels of abstractions in Affymetrix, Gene symbol
different GO subtrees
GoMiner All GO categories  Static global analysis Java GUI Stand-alone  Windows Organism specific IDs
only in GO
DAVID All GO categories  Oaly lowest level of GO HTML GUI Web-based Any GenBank, UniGene, Entrez Gene,
Affymetrix. RefSeq. UniProt,
PIR
EASEonline All GO categories  User-selected. fixed level HTML GUI Both Any Affymetrix, GenBank UniGene.
Entrez Gene
GeneMerge One category Oaly lowest level of GO HTML GUI Both Any Oaly supports organism specific
IDs used in GO
FuncAssociate All GO categories  Oaly lowest level of GO HTML GUI Web-based Any MODB gene products
GOTM All GO categories  Oaly lowest level of GO HTML GUI Web-based Any Affymetrix, UniGene.
ENSEMBL, Swiss-Prot,
Entrez Gene
FatiGO One category User-selected, fixed level HTML GUI Web-based Any Affymetrix, GenBank
and static global
analysis
CLENCH All GO categories  Static global analysis Command-line Stand-alone  Windows only  A.thaliana MIPS IDs
nput,
HTML output
GOstat All GO categories  User-selected, fixed level HTML GUI Web-based Any GenBank, UmGene, Gene
symbol, Organism specific IDs
in GO
GOToolBox All GO categories  User-selected. fixed level HTML GUI Web-based Any Only organism specific IDs in GO
GoSurfer All GO categories  Oaly lowest level of GO C/C++ GUI Stand-alone  Windows Affymetrix, UniGene. Entrez
only Gene
Ontology One category Oaly lowest level of GO HTML GUI Web-based Any Affymetrix
Traverser
eGOn One category Oaly lowest level of GO HTML GUI Web-based Any GenBank, UniGene, Clone




