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What you will learn in this course?

 How to use the bioinformatics tools to
analyze the data generated by high-
throughput techniques?

« How to perform all kinds of statistical
analysis by using S-plus?
 How to use the YM tools to setup a

user-centric bioinformatics environment
by using GeneSpring'™ as a viewer?
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http://www.sciencemag.org/cgi/content/full/291/5507/1221/F1
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Evolution of Concepts

Substraction
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Differential display
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Microarray
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Microarrays

* Oligonucleotide array
— Synthesized on a chip: e.g. Affymetrix

— Spot on a solid matrix: €.g. Compugen

 ¢cDNA array: e.g. Incyte
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Major steps 1n microarray analysis

Probe preparation

Microarray
manufacturing

Experiment

Sample
preparation

\/

Hybridization

Quantitation

Data analysis
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Jargon

Target: derived from mRNA
Probe: DNA on the solid support
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cDNA Probe
preparation
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Microarray manufacturing:
Array spotter
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Array
Spotter
(zoom 1n)
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Steps for a typical microarray
experiment

e Experimental design
e Sample preparation
RNA extraction
Prepare cDNA

Labeling cDNA with dye
« Hybridization

Quantitation
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Spotted DMNA& microaray
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Automatic hybridization processor
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Denaturation and definition of Tm
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Effect of other factors on Hybridization

Tm =81.5°C +16.6logM + 0.41(%G + C) _200 — 0. BropSAnitibe)
11
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(Bonner et al. 1973)
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Cross-hybridization 1s slower than perfect
hybridization
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Decision of Hybridizing Temperature

* Probes is variable.
— Length : 100bp~thousands
— GC content : 30~70%
« 3X SSC
— Tm(100bp,30%)=84.9°C => T},y1,=59.9°C
— Tm(100bp,50%)=93.1°C => T},;1,=68.1°C
e Microarray protocol
— Thyp=60°C ~ 68°C
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I aser scanner
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Photo-multiplier tube (PMT)
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Quantitation

Volume integration

Pixel statistics
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Volume integration
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Pixel statistics
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Data Analysis - Reveal the Difference
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Medical application of p-array data

* Fingerprinting
— Distinguish states (disease Vs

normal; classification of species,
strains, cell lines, drugs, --- €tc.)

e Mechanism studies

— Pathways and regulatory circuits
=> Look for drug lead

— Dynamic changes among
developmental stages

— - €tc.
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Discrimination,
classification,
and clustering

PNAS Vol. 95, 14863-14868
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SNP

EEPLDNA
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Oligonucleotide array
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Data => I nfor mation => Knowledge => T echnology

Array Image Import & Loading : Biological
> Manipulation >> Array Data Data Analysis Interpretation
*Spot alignment L oad genelist Fold changeto find «Gene Ontology™

«Spot finding
«Spot Quantitation

*Accepts & reports
in any file format

L oad expression dada

«Data nor malization
«Datafiltering

*Update information

significant level

«Scatter Plot to define
genesdistribution

Clustering to identify
co-expressed and
co-regulated genes

*Metabolic pathway

*Signal transudation

*Functional classification

*Geneexpression
profiles & mechanism

i

| nformation at
user’sfingertip
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Microarray (1I)
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National Yang-Ming University
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Outline

Problems assoc. with microarray

Data interpretation
Gene Chip Analysis Tools (GCAT)
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Problems assoc. with microarray

Y M-Biochem



Errors that can be improved by
repeating the experiment

* Experimental condition, such as
— incubation temperature of your cell line

— hybridization temperature of each exp.

Experimental material: such as the
healthiness of your cell line.

Quality of the gene chips

Data acquisition process
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The problems of cDNA array
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Picture taken from
http://www.ibms.sinica.edu.tw/~peck/chinese/marray 4.htm
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Effect of Cross-Hybridization (cont.)

Is that caused by regulatory factor?

PDCS 1s only expressed in pdcl delition mutants. No mRNA transcribed

from PDCS5 could be detected 1n wild-type cells.
~Hohmann et al., 1990, Eur. J. Biochem., 188, 615-621

(1) wild-type

(2) a pdc1 A mutant

PDCI ' 1 Northern blot analysis
PDC5| ¥

1 2 ~Eberhardt et al., 1999, Eur. J. Biochem,, 262, 191-201
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Effect of Cross-Hybridization (cont.)

Log(ratio)

1.0

0.0

-1.0

A similar expression profile in PDC6

WY &
— PDCI

—— PDGC5
—— PDC6

10 -0 Time course

~Spellman et al., 1998, Mol. Biol., 9, 32¢#828hem



Two Types of Cross-Hybridization on cDNA Microarray
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Does clustered time course really
mean co-expression?

Tranzcriptional Regulation of DNA Replication Genes

i Leviel kean

Yes, you can study
known system (such
as cell cycle) this way;
but, how about the
woowomow e ypknown systems?

o | i

Picturetaken from
http://genomics.stanfor d.edu/yeast/additional figures link.html
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Meaning of a time course experiment

Misinterpretation of time course data when there are not sufficient points
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cDNA array cannot distinguish
alternatively spliced forms

. Failure to distinguish
Sum of splice forms 1 & 2 different splicing

forms
Splice form 2

Splice form 1
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Effect of degradaiion rale
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If the degradation
rate of different
genes are not
identical, what’s
the meaning of
clustering?

start clustered random] random? random3

Fui 3 To demonstraote the brologecal orgims of patlems seen i
Figs. ] and 2, data from Fig. 1 we : Clustered by using me 1Ind
described here before and after random permutation '|".II|HI'| TV
{ramdom 17, within columns (random 2, and boih [random 35,
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Data interpretation
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Life phenomena can be represented 1n a
multi-dimensional space

| Expression level Stages: developmental,
(Quant1/ty)l transformation, time
P after treatment, etc.

/ j Tissue distribution
/ / R (position, 3D)

Treatments (stimuli,
drugs, nutrients, €tc.)

Each set of microarray data is
a cross section of the mutli-
dimensional space

Physiological states
(stressed, fasting, €tc.)
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Data => I nfor mation => Knowledge => T echnology

Array Image Import & Loading : Biological
> Manipulation >> Array Data Data Analysis Interpretation
*Spot alignment L oad genelist Fold changeto find «Gene Ontology™

«Spot finding
«Spot Quantitation

*Accepts & reports
in any file format

L oad expression dada

«Data nor malization
«Datafiltering

*Update information

significant level

«Scatter Plot to define
genesdistribution

Clustering to identify
co-expressed and
co-regulated genes

*Metabolic pathway

*Signal transudation

*Functional classification

*Geneexpression
profiles & mechanism

i

| nformation at
user’sfingertip
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Goals for system biology
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Why do you want to do clustering?

n,." =585 ’
Components Pathways and regulatory circuits ~ Hypothetical cell

U U

Unknown :> Putative
genes functional groups
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Mechanism Studies

Factors involved => Components
Order of events => Pathways

Interactions => Circuit

Y M-Biochem



Bioinformatics for microarray/
gene chip analysis?

* What should be put on the microarray?
 How many time points do you need?

« Data analysis (assume the quantitation
1S correct)
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Inducible gene sets are co-regulated.

Tranzscriptional Regulation of DNA Replication Genes
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Picturetaken from
http://genomics.stanford.edu/yeast/additional figures link.html
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Most constitutively

expressed genes
are not regulated

Rate-limiting step is
usually the target for
regulation
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Microarray exp. 1s
the nature’s way to
classify genes

Collect sections from
different angles

@ Tomography
( )

Image reconstruction

http://www.npcc.gov.tw/npcc/chn/imaging/imaging.htm
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How to classify constitutively
expressed genes?

« Multiple data sets should be used.

* When multiple conditions are compared
together, genes that are only regulated under
a given condition will not be clustered.
Because they will have different values
under different environment.

 When the whole gene sets are activated or
repressed under an extreme condition, 1t will
be the driving force for clustering.

Y M-Biochem



In extreme environment, the whole
pathway can be affected

ALPHA = alpha factor arrest 18; ELU = centrifugal elutriation 14;
CDCI15 =cdcl5 ts 15; SPO = sporulation 7; HT = shock by high temp 6;
D = reducing agent 4; C = low temp 4; DX = diauxic shift 7

Conflicts?

Clustering is driven by these features
YM-Biochem



Unrelated sequences of similar
function cluster together

E TPI1 GLYCOLYSIS
=] GLTCOLISLE
MRl GLYCOLYSIS
TDHE] GLYCOLYSIA
TDE: GLYCOLYSIA
B0l GLYCOLYSIS
TOEl (@EYCOLYSTE
FRA]  GLYCOLYSIS

TFELl FENTOSE PHOSFHATE CYCLE
PDCS GLILULYHLY

rOCE CaTCOLESIE

M1  GLICOLYSIS

CoCly &l 151

HFl EYCOLYSIS
YR GLYCOLYSIS
FFELl  GLYCOLYSIS

EEOEINASE 1T
BASIC B-L-H TRAMSCRIFTION FACTOR
PHOSPHIFRUCTONIMASE

Eisen, M.B., Spellman, P.T., Brown, P.O., and Botstein, D. (1998) Cluster analysis and
display of genome-wide expression pattern. Proc. Natl. Acad. Sci. USA 95, 14863-14868.
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How good 1s the classification?

e In microarray clustering  In glycolysis, in total
— hexokinase II there are 10 enzymes
— phosphofructokinase involved
— aldolase * Microarray experiment
— triose phosphate isomerase only missed phospho-
— GAPDH 1, 2,3 glucose isomerase
— phosphoglycerate kinase  Pyruvate (de)carboxylase
— phosphoglycerate mutase and transaldolase are mis-
— Enolase II placed
— pyruvate kinase Pretty good

=
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Gene Chip Analysis Tools (GCAT)
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Goal: Establish a user-centric bioinformatics
environment for microarray data analysis

Microarray data

annotation
normalization
Microarray
Database
analysis
Gene variation & comparison Metabolic pathways
disease databases \ /
Proteomics data < Viewer > Signal transduction pathways
Molecular interaction / \ Regulatory pathways
Literature Gene Ontology™ j
Cellular role assignment Functional classification LD
YM-Biochem




System architecture for “Gene Chip
Analysis Tools (GCAT)”

Genecards
KEGG
PubGene
SRS

PALS db

CHANGE

Primer design

Microarray data

Raw data repository

.
=\

Microarray Annotation Statistical Analysis
Program (MAP) Pipeline (SAP)

[ ongoing

1 done

\/

Pathway profile

A 4

Biological interpretation

A

A 4

Experimental verification

<
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Database and cross-experiment
comparison

Tumor tizsue
database

Publded
cellular role
Array Express G':n : GeneCards
Expeniment classification SRS6
Taiget — Hybndization Array da%;bcs?sles
F Y
PALS db Analysis 4

+

v v
Analysis software Displaying

'31115“_31' . softwar e

B S&iﬁ&egm GeneSpring™
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1.This gene is: Hs 95577 (GeneCard)
Microarray S ——

==PALSAlerrative Alternatiee Splicing Database)

AnnOtati On ==TRANSFACUnderconstruct! 1)
[2] Biological pathways and disease phenotype:
Program

Bio Carta (Signaling pathways)
( ) toPathwray CDK4
- . pS3Pathway  CDK4
f ' 21 Pathway (CDK4
ik celleyrlePathway [CDKA

EEGG (Metaholic pathways & regulatory pathways)

[0 Pathoway name | EC mumber
Innsitol phosphate metaholism |2_’,|'_1 -
Sphingoghyeclipid metsholist (271 -
Cell cyele 271
Hieotinate and nicotinareide meta 2.7.1 -
Starch and sucroge metaholisra |2.?.1 -

OMIM (Online Mendelian Inheritance in Man) i
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Data mining can discover

hidden relations among
different categories

Gene Ontology™ (GO) classify

genes
The first level of GO:
1. Cellular components

2. Molecular function
3. Biological process

Navigator in GeneSpring™

If—:H:I cell growth_and_maintenance

_ | budding

_lcell_cvele

_ leell motility

_lcell organization_and_hiogenesis
_lcell proliferation

_lcell shape_and_cell size_control
_lcell-cell fusion

_ ] intracellular protein_traffic
ion_homeostasis

_ I metabolism

_ | amino_acid_and derivative metabolism
_ | biosynthesis

“H_ ] carbohydrate_metabolism

_1alcohol _metabolism

_ | aminozlycan_metabolism
_ | aminosugar_metabolism
| carbohvdrate_biosynthesis
_ | carbohwdrate_catabolism
IJ:'I—[:I glucoze_cataboli=m
pentose-phosphate_shunt
I—E pentose-phosphate _shunt_add

o monozaccharide _metabolism
| organic_acid_metabolism
o polvsaccharide_metabolism

| oy I gy I |

o] proteoglwcan_metabolism
—§j carbohvdrate_metabolism_add
EH ] catabolism

Y M-Blochem



it
Pathway presents the B
relation of genes
:.I':.Ill;a I;I"':'hmi-l' (7
&m paflk Mhmﬂlﬁ Prews asl
1108 m!?.lﬁ-
|, Fhaoryreaia I——-u-;gT;'Tmr i
GLYCONEOGLNET
i S
| T
|
6
Genome browser in GeneSpring™ i S o

o

e DD P {0 dicaaiglancy

2853

YM-Biochem



Clustering Expression pattern
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Mirror sites that support the user-
centric environment
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PALS db: Putative ALternative
Splicing database

Putative Alternative Splicing Database (pas db)

Release 3, Web Interface Ver. 0.9.5.1

Summary| Text |[OMIMHUGO | dbSNP| SAGE |GeneCards| Ensembl Search again!| Help
[iProClass InterPro | Dart | COD PSORT TMHMM | NetOGlyc /ma_mBNA| Homologs [Similarities

Homo sapiens Fas (TMFRSFG)-associated wia death domain (FADDY, mRNA

Hs.86131
Hs#S1731160 CODING REGION: (123, 755
(aar v 100 z00
[— 1 Lo P L.
NM_003824 X Domain
tnta o U0 1. death , 98-151, 1 9-27, Death domain

ch_id zegtype rel_ug

2.DED | 3-87, 6.32-33, Desth effectar domain

EGLe4087 SCls Hs. 56131 = W - =SS S S====s ]

AALE4737  tCls Hs.56131 I S AR A NS

BEE2200& tSClx Hz. 56131 =

All44180 SCls Hs. 561351 = 1217 1342
AR430751  SCls Hs.56131 = == - 12032 1351

AR+33944  SCls Hs. 56131 * === 1252 1351

| | " Yang-Ming University
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CHANGE: Cross-Hybridization Analysis
Network of Gene Expression

PDC5 and PDC6 are similar to PDC1 gene
YLRO44C Repeat Type |[EONDOSUEECNA LINE_ it sINE /a1 [IRERGEN EST ——

S0004034 pdcl Identity{X} Flus— Hinus 4

Saccharomyces cerevisias pyruwvate decarboxylase

85-38 Q0-94

| I I T
0] S0 1000 15600
YOL17iC GLT1 u 5 3
YORZE9C rttlos -] 5 3
YORISSOW = == 5 5
YERGZSW godll ] 5 3
WGROSIC POCE N ] ] ] 5 3
YLRLZ4W POCS 5 3
YHLL12W OEFPZ -] 5 3

El
El
El

K
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Primers for gRT-PCR and Hybridization Probe

qRT-PCR primer

Hs.1311 Repeat Tupe |HENBEEMEE N LINE Low-complexity sINE/A1u RSN
NM_0017°685% CDIC Tdentityli} : L0103 Plus— Hinus —
Homo sapiens CD1C antigen. ¢ polupeptide
oo P
[ | ] P e e e |
I r r r . I r r r . T r r
0 GO0 1000
Hz.1300  COLif == == B e e 3t
H=s.1310 COlE | | [ — L
Hz.1799  COLD - S —
Hz.249217 COLE = e
Hz . 347710 Dl e—— w7

PCR probe for Northern hybridization

Hs.1311 Eepeat Type _DNH LIME Low-complexity
MM_001765 CDI1C Identity{Z} £ il

sINE/A1u RGN

Flus— Hinus —J

Homo sapiens CDIC antigen.

c poluypeptide

| Friied
Hs.1308  COLA ==
Hz.1310  COLE =
Hs.1793  CO4D
Hz.249217 COLE =
Hz.347710




Oligonucleotide Array Probe Design

Repeat Tupe [EENBESIESOn: L INE IO CrIinR RhA
Identity{X>

Hs.1311
NM_001765% CDiC LG
Homo sapiens CDIC antigen, c polypeptide

]
| I | '
0 ao 1000
Hz.1309 CO1A — == ]
H=z .1310 CO1E — I
Hz.1799 coino ]
Hz.249217 CO1E — I
H= . 5347710 [ ]

peat SINE/ALu RRNER

ao-o4  NEEEEENEETEN P

lus 4 Hinus &

> Probe position

B s = ——— 7

B e— 57

f—_— 57

. —— 7
e — a7

| 1 | GCCCAMAGTGTCTGTCATCTACT | 526 I 548 | 635236 |
| 2 | TITCAGGTAGCTITCAACGGATT | 445 | 467 | 618043 |
| 3 | CCAAGGGCAACTTCAGCAATGAA | 266 | 288 | 653689 |
| 4 | e nenelienlc e | 129 | 151 [ sza1
| 5 | AGTTTCTGCTGCTAGCTCTICTT || 65 I 57 [ 6324




Summary

» Established a pipeline to annotate human and
mouse genes on microarray

 Establish the relations among genes, Gene
Ontology™, and the pathways of KEGG and
BioCarta.

e Create an user-centric bioinformatics environment
by using GeneSpring'™ as a viewer.
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