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Four Generations of Computer
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New Technologies Have Produced Explosion of Data
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A systems biology view...

PERSPECTIVES: SYSTEMS BIOLOGY

Life’'s Complexity Pyramid

Zoltan N. Oltvai and Albert-Laszlé Barabasi

System System
Functional Functional
Modules Modules
Building Building
Blocks Blocks

Regulatory motifs Metabolic pathways :
Components Components

Proteins

Information storage ) Processing s Execution

Science, 298, 763-764 (2002)




Are you ready for the revolution?
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Interdisciplinary Bioinformatics

adjective plural noun
relating to more than one the science of collecting and
branch of knowledge analyzing complex biological

data such as genetic codes.

A
|BIOINFORMATICS |

1

Interdisciplinary

http://www.mit.edu/people/geneyeo/bioinformatics.gif
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Molecular Biology Overview

Cell
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The role of module in cell biology

proteins form a sensor module

i";.’:é&&“*“m Tensmerbrans chemosensor
—> 1. Genes/ proteins N

—> 2. Protein complexes

—> 3. Modules (Functions / pathways)

—> 4. Regulatory circuit
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Some Current Research Focus Areas

Array and EST Informatics
e Clustering and classification
e EST Software Pipeline

« Common regulatory element finding

High-performance

bioinformatics instrumentation

e Parallelization of key bioinformatics
algorithms on high-performance machines
e Cellular multiprocessor system—on-a-chip

(SOC) for biological pattern recognition

Comparative Genomics

e« whole genome alignment

e SNP and Haplotype detection

e dictionary-based genome analysis
e meta-genome analysis

e Protein function identification

e visualization

 Gene finding

In-Silicon Biological Structure

and Process Modeling / Simulation
e regulatory pathway modeling
e protein structure dynamics and simulation

 pathway database for modeling/simulation



Bioinformatics Tool and Data Network

Input Data

EST
Microarray data

Genome sequence User Interface
Pathway data....

Promoter

Bioinformatics Tool Pipelines

SNP

SNP
Meta Genome Assembling

ESH

Microarray i
Microarray

EST processing

Promoter detection Module

DBI Database




An Overview of Data Mining Process

Interpretation b s
Evaluation T e AVR2
) Knowledge
Algorithm —
AP
Raw data Pattern
Data
Processing Processed
data
Identifying
the problem Target
data

Gene

expression
data




Microarray

Small + place in an orderly arrangement

oligo chip / 50~70 mer nucleotides

Protein chip / SELDI-TOF-MS
receptor - ligand

Tissue array / tissue section
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Biochip / Lab-on-a-chip




Type of Biochips
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Multi Tissue Array

Donor blocks Cores Recipient block Multi-Tissue
© array array

MNeedles _
B

Donor bloek

Recipient block




Bio-Sensor Array

Elecirometer

Reference electrode

\

[ndivm contact

{insulated)

Insulated Cu wire

scanning electron micrograph of columnar gold nanowire structure.



Lab-on-a Chip
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Northern blotting versa microarray
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blind men study the elephant



Microarray Potential Applications

» Biological discovery
» new and better molecular diagnostics
» new molecular targets for therapy
» finding and refining biological pathways

» Recent examples

» molecular diagnosis of leukemia, breast cancer, ...

» appropriate treatment for genetic signature

» potential new drug targets



DNA Microarray Applications

® Human disease diagnostics and treatment
4 determination of predisposition and risk factors especially for
certain diseases
4 prediction of risk factors involved using certain treatment
schemes

4 monitor disease stage and treatment progress
® Agricultural diagnostics and development
4 i1dentify plant pathogens to allow suitable plant protection to be
improved
4 efficiency and economy in plant biotechnology
® Analysis of food and genetically modified organisms (GMO)
4 determine the integrity of food
4 detect alterations and contaminations
4 quantify GMOs

® Drug discovery and drug development



Microarray and Recent Development

® Chip fabrications
4 cDNA, oligonucleotide, PNA et al.,
4 Glass, membrane, other polymers
4 Spotting vs. in situ synthesis
4 2D, 3D configurations
4 Institutional vs. industrial
® Sighals and detection system
4 Fluorescence (spectrum analysis, quantom-dot)
4 SPR and other optical methods
4 MassSpec-based detection
® Data analysis
4 Instrument and protocols control, common references

4 Data consortium



Bioinformatics Issues in Microarray Experiment

1. How to manage data ?

Which data should be stored ?

Validated database or just data storage ?

How to integrate in-house data with public repositories ?

Which databases ?

o ¢ A w N

Local mirror DBs versus web link ?

7. How to analyze and visualize data ?

8. Which analysis should be standardized ?
9. Buy versus develop ?

10. How to integrated microarray data with other omics data ?



Total Solutions for Gene Expression
. Total Solutions

—  Provide quality tools for gene expression
analysis: Microarray, Labeling, Scanner,
Analysis Software.

Open Platform

—  Can be used for existent system.

\ —  Or, can be used as a whole system.

Hybridization Scanner Spot Analysis § Data Analysis
& Wash . Software Data Base

cDNA Array Oligo Array Custom Array

Sample Check Labeling







Array: Array as a whole

Platform Type Dimensions of the array
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v



Unigene Symbol Locus Cytoband Accession

Hs.446504 ABL1 25 9q34.1 NM_005157
Hs.410104 ACVRL1 94 12q11-q14 NM_000020
Hs.83341 AXL 558 19q13.1 H15718
Hs.83341 AXL 558 19q13.1 H15718
Hs.748 BFGF 2260 8p11.2-p11.1 NP_000595 . .
Hs.150494 BTK 695 xq21.33-q22 N75948
Hs.7542 BTK 283489 1?'!(]34 4 AI005099 Kl nase g ene I | St
Hs.77793 csK 1445 15923-q25 H90752
Hs.77793 [ 1445 15023-q25 NM_004383
Hs.440905 DDR2 4921 1q12-q23 H04823
Hs.77432 EGFR 1956 7p12 T84221
Hs.77432 EGFR 1956 7p12 T84221
Hs.89839 EPH 2041 7934 W16661
Hs.123642 EPHA3 2042 3p11.2 H38363
Hs.73964 EPHA4 2043 2q36.1 NM_004438
Hs.73962 EPHA7 2045 6q16.1 R15219
Hs.73962 EPHA7 2045 6q16.1 AW421430
Hs.2013 EPHB3 2049 3q21-qter BC052968 D>
Hs.2013 EPHB3 2049 3q21-gter AA455591 —
Hs.437008 EPHB4. 2050 7q22 W94076 o
Hs.446352 ERBB2 2064 17q11.2-q12 R80150 o
Hs.306251 ERBB3 2065 12q13 BC002706 5
Hs.74137 ERBB3 10972 149243 AW572218 » k|
Hs.1939 ERBB4 2066 2q33.3-q34 NM_005235 » ©
Hs.132942 FAK 23092 5q31 NP_055886 o
Hs.748 FGFR1 2260 8p11.2-p11.1 N99235 <
Hs.748 FGFR1 2260 8p11.2-p1l.1 AY585209 % o
Hs.748 FGFR1 2260 8p11.2-p11.1 N99235 = o
Hs.404081 FGFR2 2263 10926 AA190616 s > N
Hs.1420 FGFR3 2261 4p16.3 R84974 o a <
Hs.1420 FGFR3 2261 4p16.3 R84974 = =2
Hs.1422 FGR 2268 1p36.2-p36.1 W81586 L < O
Hs.1422 FGR 2268 1p36.2-p36.1 W81586 S O )
Hs.347713 FLT1 2321 13q12 X51602 - .
Hs.347713 FLT1 2321 13212 BC039007 D0 e <+— slide
Hs.347713 FLTL 2321 13q12 BC039007 X e O .
Hs.415048 FLT4 2324 5034-035 NP_002011 O o z serial
Hs.3090567 FYN 2534 6q21 R56124 Z O
Hs.390567 FYN 2534 6q21 H96234
Hs.390567 FYN 2534 6q21 R56124 \ number
Hs.169476 GAPD 2507 12p13 304038
Hs.258561 GTF2B 2959 1p22-p21 H23978
Hs.89555 HCK 3055 20q11-q12 AA035407
Hs.118625 HK1 3008 10922 AK095086 . . .

HTG 695 Xq21.33-22 773639
Hs.239176 IGFIR 3480 150263 H13300 CO r n | n g M | C r 0 ar r a.y microar ray
Hs.239176 IGFIR 3480 159263 H13300 i
Hs.438669 INSR 3643 19p13.3-p13.2 H03917 ™ H c hi p typ e
UltraGAPS™ Coated Slides -
Hs.12337 KDR 3791 4q11-q12 NM_002253 num ber On co g ene I | St
Hs.1765 LCK 3932 1p34.3 AA040732
Hs.434481 LTK 4058 15915.1-G21.1 BC045607
Hs.437808 MATK 4145 19p13.3 BC000114
Hs.2942 MSTIR 4486 3p21.3 AA129089
Hs.2042 MSTIR 4486 3p21.3 AA129089 Unigene Symbol Locus  Cytoband Accession Unigene Symbol Locus  Cytoband Accession  Unigene Symbol Locus  Cytoband Accession
Hs.439109 NTRK2 4915 9q22.1 AF410002 N
iatare NS piots B e T5a0e Hs.446504  ABL1 25 9q34.1 NM_007313  Hs.2132 EPS8 2059 1223-q24 . AA291354  Hs.408312 P53 7157 17p13.1 AF135121
Hs.440905 NTRKR3 4921 1q12-q23 AK095975 Hs.1288 ACTAL 58 1q42.13-q42.2 P02568 Hs.446352  ERBB2 2064 17q11.2.q12;17q21.1  R80150 Hs.408312 P53 7157 17p13.1 AF135121
Hs.2853 ORS5AX1L 81453 1 AC026038 Hs.515706  AKIP 54998  1p36.33 NM_003600  Hs.446352 ~ ERBB2 2064 17q21.1 NM_004448  Hs.498910 ~ PCNA 5111  20pter-p12 P46087
Hs.74615 PDGFRA 5156 4q11-q13 H02958 Hs.106674  BAP1 8314  3p21.31-p21.2 NM_004656  Hs.45514 ERG 2078 21q22.3 BC040168 Hs.78996 PCNA 5111 20pter-p12 AF527838
Hs.307763 PDGFRE 5159 Sq31-q32 Pose1s Hs.79241  BCL2 596  18q21.33;18q21.3 NM_000633  Hs.104349  FGD1 2245 xpll2l H83405 Hs.75323  PHB 5245  17q21 152690
Hs.307783 PDGFRB 5159 5q31-q32 R56211 g S . £ . .
Hs.307783 PDGFRB 5159 5031-q32 R56211 Hs.380403  BMIL 648 10p11.23 NM_005180  Hs.300567  FYN 2534 6q21 H96234 Hs.151536  RABI3 5872 1q21.2 NM_002870
Hs.349845 PRKCB1 5579 16p11.2 BC036472 Hs.1274 BMP1 649 8p21 H95151.1 X1.28453 GADD153 398615 AY302440 Hs.78305 RAB2 5862 8q12.1 AF070629
T2 Pug S LA Anearde) Hs.79428  BNIP3 664 100263 NM_004052  Hs.79000  GAP43 2506 3q13.1-q132 Ho5445 Hs.758 RASAL 5021  5q13.3 BC020761
Hs.405474 PYK2 2185 8p21.1 2119367A
Hs.2042 RON 2486 3p213 AA120088 Hs.194143  BRCAL 672 17q21 NM_007294  Hs.169476  GAPD 2507 12p13 04038 Hs.408528  RB1 5925  3p21.31 NP_000312
Hs.1041 ROS 6098 6q22 W24195 Hs34012  BRCA2 675  13q12.3 NP_000050  Hs.118625  HK1 3008 10922 AK095086  Hs.408528  RBL 5925  3p21.31 NP_000312
Hs.1041 ROS1 6098 6g22 W24195 Hs.159494  BTK 695 Xq21.33-g22 U01923.1 Hs.37003 HRAS 3265  11p155 NM_005343  Hs.406078  RBBP7 5931  Xp22.22 NM_002893
:iiigéin §gl_3218 Sggi ig;ia_ 4 2’:;6136515 Hs.284245 ~C60rf204 387119 622 NM_206921  Hs.77695  HURP 5787 149222 NM_014750  Hs.2942 RON 4486 3p21.3 NM_002447
Hs.430207 RPL29 6159 3p21.3-p21.2 R97429 Hs.417050  CCNAL 8900  13q12.3-q13 NM_003914  Hs.78465  JUN 3725 1p32p3l P05412 Hs.356371  RPL28 6158  19q13.4 AA064618
Hs.469653 RPLS 6125 1p22.1 AB061848 Hs.417050  CCNAL 8900  13q12.3-q13 NM_003914  Hs.380850  KALL 3730 Xp22.32 NM_000216 ~ Hs.430207  RPL29 6159  3p21.3-p212  RO7429
:*iggﬁ}, 23527 gg:g ;qi; 2291;336539 Hs.23960  CCNB1 891  5q12 AA113936 Hs.81665  KIT 3815 4qll-q12 NM_000222  Hs.469653  RPLS5 6125  1p22.1 AB061848
H§:75367 SLA 6503 8322,3-qler R52378 Hs.244723  CCNEL 898  19q12 NM_001238  Hs.183428  KRAS 8082  11p112 AF016028  Hs.337307  RPS27 6232 1q21 AA186639
Hs.75367 SLA 6503 8q22.3-qter R52378 Hs.244723  CCNEL 898  19q12 NP_001229  Hs.276238 KSR 8844  17q112 BC042106  Hs.30868  RTN4R 65078  22q11.21 BC011787
:S»igggi; gsé égii ggziz 15 rj:g;gzz Hs.79101  CCNG1 900 5432-q34 R14996 Hs.155048 LU 4059  19q13.2 P50895 Hs.50984 SAS 6302  12q13.3 578432
1S, q12-q.
e 192185 BT e o302 s Hs.347990  CD34 947 132 BC039146 Hs.75862  MADH4 4089 18q2L.1 BC002379  Hs55279  SERPINBS 5268  18q21.3 W30956
Hs. 89640 TEK 7010 op21 ABO86825 Hs.355832  CDC42 998  1p36.1 AL121734 Hs.153863  MADHS6 4091 15021-q22 AF035528  Hs.433795  SHC 6464 1q21 BC014158
Hs.89640 TEK 7010 9p21 H02848 RN.103750 CFOS 314322 631 AF126534 Hs.212217  MDM2 4193 12q14.3-15 H13638 Hs.421342  STAT3 6774 17q21.31 BCO14482
:z?’ggij I:El ;g;: ipipgg gigég; Hs.202453 CMYC 4609  824.12-q24.13 R43857 Hs.419124  MET 4233 7931 NM_000245 ~ Hs.442707  TERF1 7013 8q13 NP_003209
Hs 89640 TIE2 7010 9521 P WA6173 Hs.183650  CRABP2 1382 1q21.3 Ha4233 Hs.419124  MET 4233 7931 NM_000245 Hs.174312  TLR4 7099 9932 AB020878
Hs.203420 TNKL 8711 17p13.1 AA480582 Hs.173894  CSF1 1435 1p21-p13 M11038 Hs.433618  MLH1 4202 3p213 NM_000249  Hs.116237  VAVL 7400 19p13.2 AI369096
Hs.29877 TXK 7294 4p12 R79606 Hs.172562 DCC 1630  18q215 P43146 Hs.279843  MLH3 27030  14q24.3 L40399 Hs.116237  VAV1 7409 19p13.2 AI369096
;'::fgg:s I:g 3;5253 19p13.2 220135;3 Hs.77091  DNASEILL 1774  xq28 P49184 Hs.153837  MNDA 4332 1922 R77431 Hs.436803  VBP1 7411 Xq28 NM_003372
Hs.381282 TYRO3 7301 15q15.1-21.1 AI090723 Hs.5120 DNCL1 8655  12q24.23 R18848 Hs.407830  MYB 4602 6q22-23 NM_005375 ~ Hs.179526  VDUP1 10628  1q21.2 AF333001
Hs.381282 TYRO3 7301 15¢15.1-G21.1 W69497 Hs.79306  EIF4E 1977 4q21-q25 BC012611 Hs.81687  NME3 4832 16013 AA129463  Hs.421597  VHL 7428 3p26-p25 NM_198156
:Svﬁggés egﬁm 11103;2;1 iﬂgiezﬂ :i‘g;ggi Hs.181128  EIKL 2002 xqll2 W40449 Hs25960  NMYC 4613 2p24.1 P04198 Hs.512715  WRN 7486 8p12-pll2  AA287923
s s e S i Hs.356835  EMP2 2013 16p13.2 NM_001424  Hs.25960  NMYC 4613 2p24.1 BCO02712  Hs.78919 XK 7504 xp21.l H18932

Hs.194148 YES1 7525 18p11.31-p11.21 R25397 Hs.356835 EMP2 2013 16p13.2 NM_001424 Hs.260523 NRAS 4893 1p13.2 NM_002524  Hs.98493 XRCC1 7515 19q13.2 AC018758




How do we manufacture a microarray ?

Fig. 1 a, Penn microarray robot. The
K-, Y-, Z- axes are labesled 1, 2, and 3,
respecthely. The key component of
the arrayer Is the print-head, contaln-
Ing pens (4). Microscope glass slides
are placed on the slide statlon §5).
Samples are prepared and arrayed
from 96-well sample plates (6). The
pins are cleaned between sample
acqulsitions at the washing (77 and
drying (8 stations. b, AECOM milcroar-
ray robot. The table conflguration
shown contalns 160 slides with four
microtitre plates, two wash statlons
and the dryer. The print-head i)
shiowes four of the possible twebse pen
tips In use. o, AECOM laser scanner.
Visible are the optlcal table, power
supplies for lasers and PMT coaling, {?
the Ludl stage, and lasers. The 20=
microscope objecthe 1s Inslde the udl

stage while lenses, mirrors and other

optics are enclosed In the metal cas-

Ing. PIATs are to the right and outside

the photo.

i




Microarray Scale

Customized Scale Inkjet Printer Industrial Scale Inkjet Printer




Array Quality Control

i Test
: 1. Flatness/thickness
: 2. Low fluorescence

.................................................................

.................................................................

: Batch Test
: 1. Surface Integrity :
: 2. Attachment Chemistry i

.................................................................

i Writer QC

: 1. Vision System

i 2. Sensitivity

i 3. Specificity

i 4. Microarray Uniformity

.................................................................

i Array Lot QC

i 1. Synthesis

i 2. Functional Test
i 3. Defects

................................................................




In Situ Microarray: Microarrays & Formats

In situ Oligonucleotide - 60 mer



Array Contents 1.
Agilent Catalog Oligo DNA Microarray

HumanlA V2 Oligo DNA Microarray G41108

e Human gene:17,803
e 22K array format
60mer oligo probe design: Based on full-length cDNA of Incyte Human

Foundation clone set
Annotation: Description based on Incyte LifeSeq Foundation.

HumanlB Oligo DNA Microarray G4111A

e Over 20K genes and transcripts.
e 22K array format

60mer oligo probe design: Based on Incyte LifeSeq Foundation.
Less well annotated genes/transcripts.

Yeast Oligo Microarray G4120A

e Yeast gene:6,256
e 11K array format
60mer oligo probe design: Based on Saccharomayces Genome Database

(SGD) May 25, 2002 ORF
Annotation: 10026 based on Public DB.




Array Contents 2:
Agilent Catalog Oligo DNA Microarray

Rat Oligo DNA Microarray G4130A

e Rat gene: 20K

e 22K array format
60mer oligo probe design: Mainly based on public Database (RefSeq, GB).
Colaboration with Amgen, Incyte, Paradigm and NIEHS. Includes toxio marker

genes.
Annotation: Public DB or Incyte ZooSeq annotation.

Mouse Development Oligo Microarray G4120A

e Mouse gene: 20,371
e 22K array format
60mer oligo probe design: Based on NIA Ko’s cDNA clone set, focused on development

stage.
Annotation: >99% based on Public DB.

Mouse Oligo Microarray G4121A

e Over 20K of well characterized genes and transcripts.

e 22K array format
60mer oligo probe design: from Public DB (including 9,836 RefSeq). Toxicology markers
from NIEHS, TRC, and Paradigm.

00O

Whole Mouse Oligo Microarray G4122a

e Over 40K of well characterized genes and transcripts.

e 44K array format
60mer oligo probe design : from Public DB. Toxicology markers from NIEHS, TRC, and
Paradigm.

U




Array Contents 3:
Agilent Catalog Oligo DNA Microarray

Magnaporthe Oligo Microarray G4137A

» Rice blast disease gene: 13,600
* Rice gene: 7,100

e 22K array format
Based on International Rice Blast Disease Genome consortium data.
97% Magnaporthe genome coverage.

Arabidopsis2 Oligo Microarray G4136A

A » Arab genes:21,500

e 22K array format
14,400 genes from Arabidopsis 1 + additional 7,000 genes.

Rice Oligo DNA Microarray G413sA
»  *Rice gene:21,500
e 22K array format

60mer oligo probe design & Annotation :
Japan - National Institute of Agrobiological Sciences, Dr. Shoshi Kikuchi




Microarray Analysis Strategy

® Microarray data processing ® Database

4 Normalization
4 Visualization
4 QA/QC
# Data analysis
4 Contrast comparison

4 Series experiment

4 Storage and maintenance
4 Data integration and transform

4 User friendly interface
#® Data mining and function prediction

% Gene annotation

4 Gene function prediction



Journals are Adopting the MGED Standards

nature

26 September 2002 Violume 419 [ssue no 6905

Microarray standards at last

Not a moment too soon, the microarray community has issued guidelines that will make their data much more useful and
accessible. Nature and the Nature research journals will respond accordingly.

Use of Minimal Information About Microarray Experiment (MIAME)



MIAME Checklist

Available from:

Experiment Design:

« Type of experiment: for example, is it a comparison of normal vs.

diseased tissue, a time course, or is it designed to study the effects
of a gene knock-out?

Experimental factors: the parameters or conditions tested, such as
time, dose, or genetic variation.

The number of hybridizations performed in the experiment.

The type of reference used for the hybridizations, if any.
Hybridization design: if applicable, a description of the
comparisons made in each hybridization, whether to a standard
reference sample, or between experimental samples. An
accompanying diagram or table may be useful.

Quality control steps taken: for example, replicates or dye swaps.
URL of any supplemental websites or database accession
numbers

Samples used, extract preparation and labeling:

« The origin of the biological sample (for instance, name of the
organism, the provider of the sample) and its characteristics:
for example, gender, age, developmental stage, strain, or
disease state.

» Manipulation of biological samples and protocols used: for
example, growth conditions, treatments, separation
techniques.

« Protocol for preparing the hybridization extract: for example,
the RNA or DNA extraction and purification protocol.

« Labeling protocol(s).

« External controls (spikes).

Hybridization procedures and parameters:

» The protocol and conditions used during hybridization,
blocking and washing.

Measurement data and specifications:

http://www.mged.org/Workgroups/MIAME/miame_checklig

t.html

« The quantitations based on the images.

« The set of quantitations from several arrays upon which the
authors base their conclusions. While access to images of
raw data is not required (although its value is
unqguestionable), authors should make every effort to provide



Microarray Data Analysis Types

» Gene Selection
» find genes for therapeutic targets
» avoid false positives (FDA approval ?)
» Classification (Supervised)
» identify disease
» predict outcome / select best treatment
» Clustering (Unsupervised)
» find new biological classes / refine existing ones

» exploration



Taxonomic Classification

Kingdom Animalia
Phylum Chordata
Class Mammalia
Order Primate
Family Hominidae
Genus Homo
Species sapien

. Molecule Identification
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Microarray data process flowchart
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Unified the database query and storage system

Consummated the text mining system

® ® ®

®

Consummated the normalization method

Gene Ontology term alignment system

©
©

Visualization protein-protein interaction

(&)

Renew GeneFilter™ version

® ®

Gene expression analysis interface build up




Clustering and filtering methods

Principal approaches:

Hierarchical clustering (kdb trees, CART, gene shaving)
K-means clustering

Self organizing (Kohonen) maps

Vector support machines

Gene Filtering via Multiobjective Optimization

YV V.V VY V V

Independent Component Analysis (ICA)

Validation approaches:

» Significance analysis of microarrays (SAM)
» Bootstrapping cluster analysis

» Leave-one-out cross-validation

» Replication (additional gene chip experiments, quantitative PCR)



start clustered randoml random2 random3 Eisenetal _
Proc. Natl. Acad. Sci.

I I I I I USA95(1998)

Fig. 3. To demonstrate the biological origing of patterns seen in
Figs. 1 and 2, data from Fig. 1 were clustered by using methods
described here before and after random permutation within rows
(random 1), within columns (random 2), and both {random 3).




Clustering Analysis
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Clustering: follow-up
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Figure 3.19 Microarray analysis of sporulation in
budding yeast. Large fractions of the yeast genome
are either repressed or induced in response to sporula-
tion. Microarray analysis allows clustering of suites of
genes that share profiles, such as these assembled for a
half dozen genes of each subclass charted on the right.
{After Chu et al, 1998}
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Unigene Symbol Locus Cytoband Accession

Hs.446504 ABL1 25 9g34.1 NM_005157 1
Hs.410104 ACVRLL 94 12q11-q14 NM_000020 I p

Hs.83341 AXL 558 19q13.1 H15718
Hs.83341 AXL 558 19q13.1 H15718
Hs.748 BFGF 2260 8p11.2-p11.1 NP_000595 . 3
Hs.159494 BTK 695 xq21.33-q22 N75948 K I
Hs.7542 BTK 283489 13q34 AI005099 Inase g ene li St
Hs.77793 csk 1445 1523-q25 H90752
Hs.77793 csk 1445 15423-q25 NM_004383
Hs.440905 DDR2 4921 1q12-23 H04823
Hs.77432 EGFR 1956 7p12 T84221
Hs.77432 EGFR 1956 7p12 T84221
Hs.89839 EPH 2041 7934 W16661
Hs.123642 EPHA3 2042 3p112 H38363
Hs.73964 EPHA4 2043 2036.1 NM_004438
Hs.73962 EPHA7 2045 6016.1 R15219
Hs.73962 EPHA7 2045 6016.1 AW421430
Hs.2913 EPHB3 2049 3q21-qter BC052968 D>
Hs.2913 EPHB3 2049 3q21-qter AA455591 —
Hs.437008 EPHB4 2050 7922 W94076 o
Hs.446352 ERBB2 2064 17q11.2-q12 R80150 o
Hs.306251 ERBB3 2065 1213 BC002706 B
Hs.74137 ERBB3 10972 14q24.3 AWS572218 » -
Hs.1939 ERBB4 2066 2q33.3-q34 NM_005235 » ©
Hs.132942 FAK 23002 5031 NP_055886 o
Hs.748 FGFR1 2260 8p11.2-p11.1 N99235 - <
Hs.748 FGFR1 2260 8p11.2-p11.1 AY585209 ] o
Hs.748 FGFR1 2260 8p11.2-p11.1 N99235 S o
Hs.404081 FGFR2 2263 1026 AA190616 s > N
Hs.1420 FGFR3 2261 4p16.3 R84974 o a
Hs.1420 FGFR3 2261 4p16.3 R84974 = 2 <~
Hs.1422 FGR 2268 1p36.2-p36.1 W81586 L o O
Hs.1422 FGR 2268 1p36.2-p36.1 W81586 S O )
Hs.347713 FLT1 2321 1312 X51602 = .
Hs.347713 FLTL 2321 13q12 BC039007 D0 5 <+— slide
Hs.347713 FLTL 2321 13q12 BC039007 X e .
Hs.415048 FLT4 2324 5434-035 NP_002011 O o z serial
Hs.390567 FYN 2534 6021 R56124 Z O
Hs.390567 FYN 2534 6021 H96234
Hs.390567 FYN 2534 6021 R56124 number
Hs.169476 GAPD 2597 12p13 304038
Hs.258561 GTF28 2959 1p22-p21 H23978
Hs.89555 HCK 3055 20q11-q12 AA035407
Hs.118625 HK1 3098 10q22 AK095086 . . .

HTG 695 Xq21.33-22 773639 M microarra
- R Corning Microarray y
Hs.239176 IGFIR 3480 15q26.3 H13300 i
Hs.438669 INSR 3643 19p13.3-p13.2 H03917 ™ H Chlp type
UltraGAPS™ Coated Slides :
Hs.12337 KDR 3791 4q11-q12 NM_002253 number On co g ene I | St
Hs.1765 LCK 3032 1p34.3 AAD40732
Hs.434481 LTK 4058 15q15.1-q21.1 BCO45607
Hs.437808 MATK 4145 19p13.3 BCO00114
Hs.2942 MSTIR 4486 3p21.3 AA129089
Hs.2942 MSTIR 4486 3p21.3 AA129089 Unigene  Symbol Locus  Cytoband Accession Unigene Symbol Locus  Cytoband Accession  Unigene Symbol Locus  Cytoband Accession

g v e g Y Y g Y Y

fogaone Niese e gggé-l [ Hs.446504  ABL1 25 9q341 NM_007313  Hs2132  EPS8 2059 1223-24 AA201354  Hs408312 P53 7157 17p13.1 AF135121
Hs.440805 NTRKR3 4921 1q12-023 AK085975 Hs.1288  ACTAL 58 1g42.13-q42.2 P02568 Hs.446352  ERBB2 2064  17q11.2-12;17q21.1  R80150 Hs.408312 P53 7157 17p13.1 AF135121
Hs.2853 ORBAXL 81453 1 AC026038 Hs515706  AKIP 54998 1p36.33 NM_003600  Hs.446352  ERBB2 2064 17q21.1 NM_004448  Hs.498910 ~ PCNA 5111  20pterpl2  P46087
:svgg?/igs Eggigg :i:g gqﬁ-qéi sgggfg Hs.106674  BAP1 8314 3p21.31-p2L.2 NM_004656  Hs.45514  ERG 2078 21q223 BC040168  Hs.78996  PCNA 5111  20pter-p12 AF527838
s. q31-4
e 307783 PDGRRE cioo SoaLq32 Re6211 Hs.79241  BCL2 596  18q21.33;18q21.3 NM_000633  Hs.104349  FGD1 2245 xp1l21 H83405 Hs.75323  PHB 5245  17q21 152690
Hs.307783 PDGFRB 5159 5031932 RS6211 Hs.380403  BMIL 648 10p11.23 NM_005180  Hs.300567  FYN 2534 6q21 H6234 Hs.151536  RABI3 5872 1q21.2 NM_002870
Hs.349845 PRKCB1 5579 16p11.2 BC036472 Hs.1274 BMP1 649 8p21 H95151.1 X1.28453 GADD153 398615 AY302440 Hs.78305 RAB2 5862 8q12.1 AF070629
:zzgg;% Eg gzg‘; gp%ﬂ—plz.z 2{:;376177: Hs.79428  BNIP3 664 100263 NM_004052  Hs.79000  GAP43 2506 3q13.1-q132 Ho5445 Hs.758 RASAL 5021  5q13.3 BC020761
Hs.2042 RON 2486 3221:3 AA129088 Hs.194143  BRCAL 672 17q21 NM_007294  Hs.169476  GAPD 2597 12p13 04038 Hs.408528  RBL 5925  3p21.31 NP_000312
Hs.1041 ROS 6098 6022 W24195 Hs34012  BRCA2 675  13q12.3 NP_000050  Hs.118625  HK1 3098 10922 AK095086  Hs.408528  RBL 5925  3p21.31 NP_000312
Hs,1341 Rggl ggg: gqgg Wg“gS Hs.159494  BTK 695 Xq21.33-g22 U01923.1 Hs.37003 HRAS 3265  11p155 NM_005343  Hs.406078  RBBP7 5931  Xp22.22 NM_002893
Hs.1041 ROS1 q. ‘W24195
e e o Tina D Hs.284245 C60rf204 387119  6q22 NM_206921  Hs.77695  HURP 5787  14q22.2 NM_014750  Hs.2042 RON 4486 3p21.3 NM_002447
Hs.430207 RPL29 6159 3p21.3-p21.2 R97429 Hs.417050  CCNAL 8900  13q12.3-q13 NM_003914  Hs.78465  JUN 3725 1p32-p3l P05412 Hs.356371  RPL28 6158  19q13.4 AA064618
Hs.469653 RPLS 6125 1p22.1 AB061848 Hs.417050  CCNAL 8900  13q12.3-q13 NM_003914  Hs.380850  KAL1 3730 Xp22.32 NM_000216 ~ Hs.430207  RPL29 6150  3p21.3-p21.2  R97429
::ggg% el gg:g ;gg 2291;336539 Hs.23960  CCNBL 891  5q12 AA113936  Hs.81665  KIT 3815 4qll-ql2 NM_000222  Hs.469653  RPLS 6125  1p22.1 AB061848
He.75367 SLA 6503 8022.3-qter RE2378 Hs.244723  CCNEL 898 19q12 NM_001238  Hs.183428  KRAS 8082  11pil2 AF016028  Hs.337307  RPS27 6232 1q21 AA186639
Hs. 75367 SLA 6503 8922.3-gter R52378 Hs.244723  CCNEL 898 19q12 NP_001229  Hs.276238 KSR 8844  17q112 BC042106  Hs.30868  RTN4R 65078 2291121 BCO11787
HSGggng gué 2534 23212 5 Ml‘g;gzz Hs.79101  CCNG1 900 5432-q34 R14996 Hs.155048 LU 4059  19q13.2 P50895 Hs.50984 SAS 6302  12q13.3 578432
Hs.436015 R 714 q12-q1: AAY
e R e S e Hs.347990  CD34 947 1932 BC039146 Hs.75862  MADH4 4089 18g21.1 BCO02379  Hs.55279  SERPINBS 5268  18q21.3 W30956
Hs.89640 TEK 7010 op21 AB086825 Hs.355832  CDC42 998 1p36.l AL121734 Hs.153863  MADH6 4001 15021-g22 AF035528  Hs.433795  SHC 6464  1q21 BC014158
Hs.89640 TEK 7010 9p21 H02848 RN.103750 CFOS 314322 631 AF126534 Hs.212217  MDM2 4193 12q14.3-15 H13638 Hs.421342  STAT3 6774 17q21.31 BCO14482
:z?’ggij I:El ;g;: iﬂi'ggg gigég; Hs.202453 CMYC 4609 8q24.12-024.13 RA43857 Hs.419124  MET 4233 7931 NM_000245 Hs.442707  TERF1 7013 8q13 NP_003209
e T T8 ap21 s Hs.183650  CRABP2 1382 1q21.3 H44233 Hs.419124  MET 4233 7931 NM_000245 ~Hs.174312  TLR4 7009 9g32 AB020878
Hs.203420 TNKL 8711 17p13.1 AA480582 Hs.173894  CSF1 1435 1p21-p13 M11038 Hs.433618  MLH1 4202 3p213 NM_000249  Hs.116237  VAVL 7400 19p13.2 AI369096
:svsgglz ?v(iz ;gg‘; ‘Igli“ 23613343 Hs.172562 DCC 1630  18q215 P43146 Hs.279843  MLH3 27030  14q24.3 140399 Hs.116237  VAV1 7409 19p13.2 AI369096
s. p13.
St L e ety Hs.77091  DNASEILL 1774  xq28 P49184 Hs.153837  MNDA 4332 1q22 R77431 Hs.436803  VBP1 7411 Xq28 NM_003372
Hs.281282 TYROZ 7301 15q15.1-021.1 AI090723 Hs.5120 DNCL1 8655  12q24.23 R18848 Hs.407830  MYB 4602 622-q23 NM_005375  Hs.179526  VDUPL 10628 1g21.2 AF333001
Hs.381282 TYRO3 7301 15q15.1-q21.1 W69497 Hs.79306  EIF4E 1977 4q21-q25 BCO12611 Hs.81687  NME3 4832 16913 AA120463  Hs.421597  VHL 7428 3p26-p25 NM_198156
:Svﬁggés egﬁm 11103;2;1 iﬂgiezﬂ :i‘g;ggi Hs.181128  EIK1 2002 xqll2 W40449 Hs.25060  NMYC 4613 2p24.1 P04198 Hs.512715  WRN 7486 8pl2-pll2  AA287923
s. q21.
[ s e i Hs.356835  EMP2 2013 16p132 NM_001424  Hs.25960  NMYC 4613 2p24.1 BCO02712  Hs.78919 XK 7504 xp21.l H18932

Hs.194148 YES1 7525 18p11.31-p11.21 R25397 Hs.356835 EMP2 2013 16p13.2 NM_001424 Hs.260523 NRAS 4893 1p13.2 NM_002524  Hs.98493 XRCC1 7515 19q13.2 AC018758
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Fig. 1 Establishment of a inducible stable cell line expressing exogenous

c-Met gene.
The pTRE-Met and pTet-Lac-Hyg plasmid DNA were transfected into NIH/3T3
cells by lipofectamine, and the stable cell line was selected using hygromycine.
The inducible stable cell line, NIH-Met5, was established, and c-Met expression

was detected using western blotting.
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The gene expression of microarray in inducible c-Met system

We used the tyrosine kinase receptor chip and selected the related gene with c-Met.
The expression of Axl and PDGFR-a was highly increased with up-regulation of c-Met.
We would detect the relation of Axl, PDGFR-a and c-Met.



Axl (UFO, Ark)

*A receptor tyrosine kinase
*Contains immunoglobulin-like and fibronectin

lll-like domain.
*Axl-mediated signaling has been shown related
with cell proliferation and survival.
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PDGFR-a

*A receptor tyrosine kinase.

*The receptor of PDGF AA, AB, BB, CC
*Regulates the cell Migration, proliferation,
transformation, anti-apoptosis and embryo
differentiation
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The expression of Axl and PDGFR-a in bladder cancer cell lines

The expression and phosphorylation of c-Met was detected in UB40 and UB47,
but UB09 was not. The expression of Axl and PDGFR-a in UB40 and UB47 was
also higher than in UBO09.
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Colorectal cancer cell gene expression

—DNA microarray analysis strategy base on chromosome banding analysis
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College of Medicine, National Chung Kung UNiversity
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Colorectal Cancer Cell Lines

Dukes’ stage classification J

ATCC CCL-233 CCL-228 CCL-227 CCL-222 CCL-248
Cell SW1116 SW480 SW620 COLO205 T84
Organ colon colon colon colon colon
T84 Disease colorectal colorectal colorectal colorectal colorectal
adeno- adeno- adeno- adeno- carcinoma

carcinoma carcinoma carcinoma carcinoma

Stage Dukes' Dukes' Dukes' Dukes'
type A (lll) type B type C type D
Derived lymph ascites Lung
Tissue node
metastases 1o Oncogene myct; myb+; | myct; myb+; | myc+ myb+; | myct ras+;
other organs ras+; fos+; ras+; fos+; ras+; fos+; myb+; fos+;
sis+; p53+; sis+; p53+; sis+; p53+; sis+; p53+;
abl-; ros-; abl-; ros-; abl-; ros-; abl-; ros-;
src- srec- src- src-

- T
I = | - Cellular CEA; CEA; CEA; CEA; CEA;
W‘%ﬂ - : 7 F Products keratin keratin; TGFa; keratin; Keratin
—_— ? | e = Wi & sl L LU . / TGFB keratin; 1L-10
% high g;i.:e Iﬂ | : matrilysin
e Culture Leibovitz's Leibovitz's Leibovitz's RPMI DMEM /
medium L-15 L-15 L-15 1640 Ham's
F12
N -- LRSS Metastases .
CCL-233 CCL-228 CCL-227 CCL-222 http://www.hopkins-gi.org

SW1116 SW480 SW620 COL0O205 http://www.atcc.org




Genes located on chromosome

Gene Number
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Chromosome
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11
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15
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21
22

Total
1235
788
677
480
579
618
570
396
447
469
714
694
204
375
357
523
725
187
776
329
126
303
463
14

Location
190
147
138
105
112
127
109

89
87
103
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111
47
61
70
74
83
47
52
64
17
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Expression analysis

Up regulation

Chromosome Count

© 00 N O O A WDN B

XX NNNE PR PR BB PR
NP O © ®ow~NO® U AN R O

Total

Down regulation

5

© 00 N O U A WNBF

el
N B O

OO MNONDIMENNWNWRNRND®WEROON OGN
< NN N B e e
N P O © 0 ~N o b w

<

58 Total

Chromosome Count

14

O N PO P N BMOODNEPO PR WWODNDMAEDNWPMAOO

96

=
=

|

=

>
o}
(@]
o

3




expression (up and down join stage specific (>90%)

expression (up and down join stage specific (<10%)

crystallin, alphaB ~ CRYAB  11g22.3-q23.1 BC007008

immunoglobulin superfamily, member 1 IGSF1 Xq25 AB002362

nicastrin APH2 1922-923 BE408912

cysteine and glycine-rich protein 1 CSRP1 1932 BG768306

slit homolog 3 (Drosophila) SLIT3 5q35 BF061381

dynein, cytoplasmic, heavy polypeptide 2 DNCH2 11q22.2 AK021818

opiate receptor-like 1 OPRL1 20g13.33 AL574931

CD226 antigen CD226 18g22.3 NM_006566

prostatic binding protein PBP 12924.23 BG252637

polymerase (DNA-directed), delta 3, accessory subunit POLD3 11914 D26018

anti-Mullerian hormone receptor, type Il AMHR2 12913 AF172932

senataxin SETX 9934.3 Al458143

ELAV (embryonic lethal, abnormal vision, Drosophila)-like 2 (Hu antigen B) ELAVL2 9p21 NM_004432
nucleoporin 37kDa NUP37 12923.3 BC000861 ||

tumor necrosis factor (ligand) superfamily, member 11 ~ TNFSF11 13q14 AF019047

major histocompatibility complex, class Il, DQ alphal HLA-DQA1 6p21.3 X00033

upstream regulatory element binding protein 1~ HSPC272 Xpl1.2 AB002310

fibrinogen silencer binding protein APRIL 8021.3-q22 AF112481

tumor necrosis factor (ligand) superfamily, member 13  TNFSF13 17p13.1 X90568

titin TTN 2q24.3 BG272792

Hierarchical Clustering, Method = Average
K Means Clustering




Accession

BC007008
Chromosome 11

Position 11922.3-g23.1
Name crystallin, alpha B
Locus 1410

OMIM
Gene Card
Unigene

123590
CRYAB
Hs.408767

Biological process

muscle contraction , protein folding , visual
perception

Cellular Component

cytoplasm , nucleus

Molecular Function
structural constituent of eye lens , unfolded
protein binding

No Pathway available

Diseases: desmin related myopathy,
characterized by adult onset, proximal
and distal limb muscle weakness often
associated with neck, trunk and
velopharynx muscle involvement,
cardiomyopathy, cataract in many
cases and delayed accumulation of
aggregates of desmin in sarcoplasma
of skeletal and cardiac muscle

alpha-crystallin-type heat shock proteins (Hsps), family of small stress
induced proteins ranging from 12 -43 kDa, whose common feature is the
alpha-crystallin domain. They are generally active as large oligomers
consisting of multiple subunits. They are believed to be ATP-
independent chaperones that prevent aggregation, and are important in
refolding in combination with other Hsps. They are present in all
kingdoms, but not in all organisms.
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Raw data

Agilent
Human 1 cDNA Microarray
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Microarray image
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BG748872
BC000088
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1p13.1
1p36.11-p34.3
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1p31.3
1p36.11
1p36-p35

1p133
1p36.3-p36.2

1p36
1p36.13-q313
1p34

1p36.3-p36.2
1p22

1p36.12-p35.1
1p34-p33

3
1p35.3.p35.1
1p311
1p3L.1
1p31.3
1p33
1p133
1p22-p21
1p36.13

4 1pter
30 1p36
8 1p35
10 1p34
1p33

4 1p32
11 1p3l
9 1p22
7 1p21
9 1p13
3 1p12

= 1pter
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| 1p35
| 1p34
133
| 1p3l
| 1p22
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| 1p13
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Count

1 1p21-p13 F1p21-p13
1p22.2 " 1p22.2

1 1p35 [ 1p35

2 1p36.13 | 1p36.13

1 1p36.2 F1p36.2

1 1p36.3-p32 [ 1p36.3-p32

[~ 1p36.32

1 1p36.32 100

1 g2t e F1q21.2

1 1g21.2 ) 19213

1 19213 e C1q22

1 1922 |~ 1q22-923

1 1g22-q23 m 1932

3 1932 T -

2 1q41-q42 |-1q41-q42

Up regulation

Down regul

CAPN2 1g41-g42
CAPN2 1q41-q42
MGC26818  1p36.32
ARHC 1p21-p13
KIF1B 1p36.2
ation
PXF 1922
PPP1R8 1p35
C4BPB 1932
ELK4 1932
CKIP-1 1921.2
ELA2A 1p36.13
AGRN 1p36.3-p32
FLJ20320 1p36.13
KIAA0446 1921.3
RORC 1921
CSRP1 1932
NCSTN 1g22-923
LRRC5  1p22.2

Ul b

Cytoband Hotspot
Analysis

321
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Chromosome 1

1p13.1 D BC011803
1p36.32 B AL359575
1p36.2 AF257176
1923.1 AW?248403
1p36.13 AK000327
1p36.33 AF016903
1921 B [ u16997
1p36.13 1B M16652
1932 L11245
1932 NM_021795
1p35 AF061958
1922 X75535
1921.3 BC010149
_l: 1q41-g42 BI771158
1q41-q42 AF261089
_: 1p22.2 AK000410
1p22.2 AK001332
| [— 1% BG768306
1922-923 BE408912
1q41-q42 _1q41-q42
1932 =
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1q22 iz [1022.23
1q21.3 [ [1g22
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Hs.21
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Hs.517232
Hs.173380
Hs.350899
Hs.350899
Hs.306221
Hs.199364
Hs.108080
Hs.4788

1
BC011803 '—

AF261089

AF257176

ARHC
MGC26818
KIF1B
KIAA0446
FLJ20320
AGRN
RORC
ELA2A
C4BPB
ELK4
PPP1R8
PEX19
CKIP-1
CAPN2
CAPN2
FLJ20403
LRRC5
CSRP1
NCSTN

AL359575 i—
L1245 i ——

Homo sapiens transcribed sequences

hypothetical protein MGC26818
kinesin family member 1B
KIAA0446 gene product
hypothetical protein FLJ20320
agrin

RAR-related orphan receptor C
elastase 2A

complement component 4 binding protein, beta
ELK4, ETS-domain protein (SRF accessory protein 1)
protein phosphatase 1, regulatory (inhibitor) subunit 8

peroxisomal biogenesis factor 19

CK2 interacting protein 1; HQ0024c protein

calpain 2, (m/ll) large subunit
calpain 2, (m/ll) large subunit
hypothetical protein FLJ20403
leucine rich repeat containing 5
cysteine and glycine-rich protein 1
nicastrin

X75535
u16997

BG7683060 i—— ——
1
BE408912 =I=
1
— —
1
1
[]
|
1
|
[]

BC010149

NM_021795 i——— —

AW?248403

http://gai.nci.nih.gov/html-snp/imagemaps.html

http://www.ncbi.nlm.nih.gov/mapview/map_search.cgi?taxid=9606&query=&qchr=&strain=All&advsrch=off&neighb=off
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Trimming Colorectal Cancer Cell Lines
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Blank (2,256) o ceelmeads .
Incyte Blank (699) _comoldots —
Incyte EST (261) = ElE/hssess
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Expression Pattern Analysis
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Trimming Colorectal Cancer Cell Lines
Aglient Blank (2,256) exprimetal dots
Human Incyte Blank (699) o dos
cDNA1 Incyte EST (261)
Array Agilent Blank (180) Lo, sy

Agilent QC (120)
Removed from Database (82)
18,564 Fiducial (81)
Dots Not available (62)
Buffer (27)

Accession Frequency

asequieq wouj panoway
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SWA480 SW620 COLO205

14,796 13,258 12,004
Dots Accessions Symbols

Expression Clustering Expression Pattern Analysis

Hotspot
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U59185 (SLC16A4)
X14454 (IRF1)

Microarray Expression
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Anticancer Res. 1991 11(6):2047-50.
Gope R. et al.

Genetic changes at the beta-2-adrenergic receptor locus on
chromosome 5 in human colorectal carcinomas.

Matched normal/tumor DNA pairs from 44 colorectal carcinoma patients were examined for
tumor-specific genetic changes using a probe for the beta-2-adrenergic receptor (ADRB2R)
gene on chromosome 5. This locus (5931-9g32) maps close to the site of chromosomal
deletions recently reported to occur in colorectal carcinomas and distal to the chromosomal
location of the familial adenomatous polyposis (FAP) gene (5921-g22). Our investigation
shows tumor-specific allele loss or allelic rearrangement of at least 29% at the AdRb2R locus
on chromosome 5 in informative cases. These results suggest that the mechanism by which
colorectal carcinomas lose genetic material on chromosome 5 can affect this functional gene
located distally to the FAP gene. The possible functional significance that ADRB2R gene
changes may have in neoplastic progression is discussed.
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Cytoband with PPl analysis

REBBP

L[] ]
TEGR‘I
[ L] [

PITX1

%\SNRF’A

HNRPA

B1

HSD17B4 ETF1

RELB CsSNK1A1 [l

fMAP3K7|P1 >TRAF2
[ | [ ]|

b
EEEE
ATR3
EEE= \ierse HEEE
¥HDAGE———— [ TBL1X
|
j[SFF'Q .... ....
PPARG
ErEE
U.éH‘ INT1
BRDS8
EEEE
EEEE
» SMADS ATM
EEEE mEEE
SNEDD4  4CDC25C @CCNA2
]
EEEE EEEE 2 EEEE ENEE

MCC

IL4 [ [ ]

®IL4R | B |

elL13 [ ] ] | |
PDAP1

PDGFRB

ssLcoasr1 MM

sore2 [ HHER
.... Jup CTNNAT IEEE
BHENN sarc—sctanet HENEN
HEEE «KIF3A
HEEE

SKP1A ¢ NFKBIB EEEE

5021-22
5031-32



Cellular Component
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Molecular Function
Transcription factor activity
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Biological Process
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Expression relationship among microarray value, cDNA and reference sequences G+C content

Microarray
expression
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