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what is microarray
s cafalogues of microarray

- == how to generate data
analysis strategies

bladder cancer - a case study
practice in this class
take home message

Pura Luhur Uluwatu , Bali, Indonesia
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~ Micro is an English prefix of (
! Greek origin that refers to an = ()
B oObjeet as being smaller thap ®
an object or scale of focus, Iin
*» 9 . .
1 contrast with macro.

£ W .

[ufi 5] P iv Yy

’ In computer science an array’
y IS a¥data structure eeonsisting |

' of a group,of elements that
are accessed by indexing.

e 8§ e 4 el N

High- throughput screenlng IS O mefhod
for scientific experimentation espécmlly
used in drug discovery and relevant to
the fields of bioclogy and chemls’rw
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http://www.ilt.fraunhofer.de/en/publication-and-press/press-release/press-release-2013/press-release-2013-07-26.html




Microarray Features

Parallelism: Thousands of genes simultaneously
Miniaturization: Small chip size
Multiplexing:. Multiple samples at the same fime

Automation: Chip manufacturing and Reagents




Fact: biological processes are complicated with many
molecules working together.

Biologists are eager to obtain the “whole picture”.
Genome sequences avdilability .

Computer qids.

Detect 1.8 millon genetic
vanations onasingle anay.

AFFYMETRIX
o
L]



Density of microarray
260% (26x82 pixel)




Density of microarray
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Combination of microarray

Northern blot microarray analysis
costonazcitidiration
MRNA expression —>| r |
| ‘_u
con ——

CHIP

specificity, density and content of probes ., — high



DNA >RNA > Protein > Module

transcription translation regulation

replication

\\

ceniral dogma systems biology
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Catalogues of microarray

molecule as probe

aCGH
SNP array
Tilling array
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cDNA array

CHIP on chip

MIRNA array
Protein array
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ELISA array

cell as probe

Cell array
Tissue array

Arranged device

gPCR array

Lab-on-a-chip
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Molecule as probe

A DNA microarray (C”SO Commonly known as - Dligonucleotide Synthesis: Photolithography
gene or genome chip, DNA chip, or gene array)
iIs a collection of microscopic DNA spots,
commonly representing single genes, arrayed on
a solid surface by covalent attachment to a
chemical maftrix. DNA arrays are different from
other types of microarray only in that they either
measure DNA or use DNA as part of its detection
system. Qualitative or quantitative measurements
with DNA microarrays utilize the selective nature
of DNA-DNA or DNA-RNA hybridization under
high-stringency conditions and fluorophore-
based detection. DNA arrays are commonly used
for expression profiling, i.e., monitoring expression
levels of thousands of genes simultaneously, or for
comparative genomic hybridization.

GonoChip Substrate

01:14:442

06:36:867



Molecule as probe

Enzyme-Linked ImmunoSorbent Assay, or ELISA, is
a biochemical technique used mainly in
immunology to detect the presence of an
antfibody or an antigen in a sample. The ELISA has
been used as a diagnostic tool in medicine and
plant pathology, as well as a quality confirol
check in various industries. ELISA array (or array
ELISA) is a new tftechnology capable of
simultaneously identifying multiple biomarkers to
generate a biochemical profile. Once the ELISA
protocol is completed the array is imaged using
either a CCD imaging system or X-ray film fo
capture the chemiluminescent signal. The pixel
intensity of each spot is directly correlated to the
concentration.

01:13:713



Cell as probe

Cell array is a common term for different
techniques, which are used in genomic-level cell
biological testing. The live cell array, a
microscope slide-based high content analysis
tool, enables multi-parametric imaging-based
assays on thousands of intact individual cells,
including non-adhering blood and bone marrow
cells. Cells can be observed in their own
identified location, tracking individual, real-tfime
responses to intervention. Multiple functional
assays can be performed on a living cell,
followed by post-fixation studies on the same cell
to maximize usage of cell samples.

02:04:040



Cell as probe

Tissue microarrays are produced by a method of
re-locating tissue from conventional histologic
paraffin blocks so that fissue from multiple
patients or blocks can be seen on the same slide.
This is done by using a needle to biopsy a
standard histologic sections and placing the core
iNnfo an array on a recipient paraffin block.

) ) ) ; . 03:39:422
whole fissue tissue cocktail tissue sausage tissue array



Arranged device

Lab-on-a-chip (LOC) is a term for devices that
integrate (multiple) laboratory functions on a
single chip of only milimeters to a few square
centimeters in size and that are capable of
handling extremely small fluid volumes down to
less than pico liters.

1. Add sample 2. Start chip run 3. Watch real-time data

=

00:59:325
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Experimental methodology for microarray

Experimental
Design

Microarray Image Data Data
Experiments Processing Normalization Analysis




Data report format of microarray gl i

Type=GenePix Results 3
atelime=2006/06/15 09:19:02
e' 5 —_
\Axon\Parcms\chipéold.gal

PixelSize=10
Wavelengths=4635 532
ImageFiles=C:\Documents and Settings\rc\ &% \ 2006041 1 _IHS\20060411_LiuHS_7-11 cel_IPTG_Ohr.tif
1G{Normolzotonethod=None )
xxx.gal 11 |NormalizotionFractors=1 |
12 | Jpegimage=C:\Documents and Settings\rc\ £%&\20060411 ((iuHS\20060411_LiuHS_7-11 cell_IPTG_Ohr.jpg
13 |StdDev=Type |
e%e8 Color image file (8 b|t) { RatioFormulations=W1/W2 (635/532)
4 15 |Barcode=
- 1€ |BackgroundSubtraction=LocalFeature

: 17 |ImageOngin=5840, 4300
XXX.JPg 18 | JpegOrigin=6580, 5120

19 Creator=GenePix Pro 4.1.1.42

ﬁ 20 |Sconner=GenePix 40008 [92487]

Probe location and gene annotation file

Reconstructed image file (16 bit) 21 FocusPosiion=0
— 22 [ Temperature=28.34
23 LinesAveraged=1
XXX.tif 24 |Comment

25 |PMTIGain=700 640
26 |ScanPower=100 100
27 LaserPower=1.73 3.24
28 LaserOnTime=8118 8149
29 |Fiters=<Empty> <Empty>
Scan result file 30 |ScanRegion=584,430,1999,2027
31 |Suppler=
32 |Block Column Row Name D Y iQ. F635 Media
33 ] ] 1 SIATI Al286209.1 68460 150 356
34 ] 2 1 RBL2 Al459215 7090 150 195

XXX.gpr




Minimum Information About a Microarray Experiment - MIAME

MIAME describes the Minimum Information About a Microarray Experiment that is needed to enable
the interpretation of the results of the experiment unambiguously and potentially to reproduce the

experiment. [Brazma et al., Nature Genetics, PMID: 11726920]

Many journals and funding agencies require microarray data to comply with MIAME. GEO deposit
procedures enable and encourage submitters to supply MIAME compliant data. [Edgar R, Barrett T.
Nature Biotechnology, PMID: 17160034]

= NCBl Resources ¥ How To &) Sign in to NCBI
GEO Home Documentation v  Query & Browse v Email GEO

Gene Expression Omnibus

GEO is a public funclional gencmics data repesitory supporting MIAME-compliant data submissions. Array-
and sequence-based data are accepled. Tools are provided to help users query and download
experiments and curated gene expression profiles.



http://www.mged.org/Workgroups/MIAME/miame.html
http://www.ncbi.nlm.nih.gov/pubmed/11726920
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2270403/

. The raw data for each hybridization (e.g., CEL or GPR files)

. The final processed (normalized) data for the set of hybridizations in the experiment
(study) (e.g., the gene expression data matrix used to draw the conclusions from the
study)

. The essential sample annotation including experimental factors and their values (e.g.,
compound and dose in a dose response experiment)

. The experimental design including sample data relationships (e.g., which raw data file
relates to which sample, which hybridizations are ftechnical, which are biological
replicates)

. Sufficient annotation of the array (e.g., gene identifiers, genomic coordinates, probe
oligonucleotide sequences or reference commercial array catalog number)

. The essential laboratory and data processing protocols (e.g., what normalization
method has been used to obtain the final processed datq)



Strategies
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When you want to determine whether some program or freatment causes
some outcome or outcomes to occur, then you are interested in having

strong internal validity. Essentially, you want to assess the proposition:
If X, thenY

or, in more colloguial terms:

If the program is given, then the outcome occurs



Unfortunately, it's not enough just to show that when the program or treatment occurs the
expected outcome also happens. That's because there may be lots of reasons, other than
the program, for why you observed the outcome. To really show that there is a causal
relationship, you have to simultaneously address the two propositions:

If X, thenY

and
If not X, then notY

Or, once again more colloquially:

If the program is given, then the outcome occurs
and

If the program is not given, then the outcome does not occur






how MANY replicates for microarray is necessary 2

It depends on
/ the quality of the sample e smaller samples (single cells) are more

v/ the magnitude of the expected effect 5?’5(5%%93 \58@%@%% HaVe
7 the method of analysis oTe P é%%&ﬁm@lbses
S 3@ BV,

the experimental design b; e do s and donuTs

Qﬁ M g}%?m %ﬁ%sﬁ

f@iledbl changes may be diluted of ceII
isolation will increase noise




Experiment design for microarray

Type I: (n = 2) Differential Expression
— How is this gene expressed in target 1 as
compared to target 2¢
— Which genes show up/down regulation
between the two targeftse

Type ll: (n > 2) Data Partitioning
— How does the expression of gene A vary
over lime, tissues, or freatments<
— Do any of the expression profiles exhibit
similar patterns of expression?

Root
Gestation Post Clustes




Reference and balanced bIQ_ck design

g e

= e =

Reference design (flexible)
is far superior for more complex class
comparison as well as for class prediction or
discovery where clustering analysis is required.

Balanced block design (efficient)
can only be used only for simple class
comparison type of analysis (looking for genes
that are up or down regulated between two
samples).
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Loop design (for microarray center)

T ' ST R ERa uﬁv?—ﬁ'-a. it f16

Reference RNA for reference design
experiments used does not necessarily need
to be physiologically relevant 1o your RNA.
However, reference design should have at
least 80% coverage for the particular slide
(i.e. should contain mRNA representing at
least 80% of genes on the slide). RNA
isolated from a cells or tissues usually has
50-60% coverage. Reference RNA is, most
often, a pool of RNA from several different

cell lines or tissues. Human, mouse, and rat L] am with g11q2aymie [ amc wi 5;17)
universal reference RNAs are available from g i :m(:;) B AL vith complex karyotype

several vendors.
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Ldborc’row of mm:roarray Gnoly5|s

|
*  Gene Distance Matrix (GDM)

** Cluster Affinity Search Technique (CAST)

J8%s http://string-db.org

http://www.tm4.org/mev.html




Normallzahon (1) To’ral In’rensfry Normollzo’non

Toial m’rensﬂy normallzahon datarelies on the ossumphon that the quantity of initial mMRNA is
the same for both labelled samples. Furthermore, one assumes that some genes are up-

regulated in the query sample relative 1o the confrol and that others are down-regulated.

— Before Normalization : After Scaling
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Normalization (2): Standard Score
Standard scores are also called z-values, z-scores, normal scores, and standardized
variables: the use of "Z" is because the normal distribution is also known as the "Z distribution".
They are most frequently used to compare a sample to a standard normal deviate, though
they can be defined without assumptions of normality.
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Clusterlng (1) Hlerorchlcol Clus’rerlng

Hlerarchlcal Clusierlng IS an ogglomero’nve clustering method which joins similar genes into
groups. The iterative process continues with the joining of resulting groups based on their
similarity until all groups are connected in a hierarchical tree.

Diagnostic ALL BM samples (n=327)

Genes for class distinction

—
-
N~
N
Il
c
o

E2A-PBX1 MLL T-ALL Hyperdiploid >50 BCR-ABL TEL-AMLA

.
-30 -20 -lo 0 1o 20 30

o = std deviation from mean




Clustering (2): k-means clustering

k-means clustering aims to partition n observations into k clusters in which each observation

belongs to the cluster with the nearest mean, serving as a prototype of the cluster.

1) kinitial "means” (in this
case k=3) are randomly
generated within the
data domain (shown in
color).

0o

2) k clusters are created
by associating every
observation with the
nearest mean. The
partitions here represent
the Voronoi diagram
generated by the
means.

Demonstration of the standard algorithm

-

\gb\u 24,

3) The centroid of each
of the k clusters
pbecomes the new
mean.

4) Steps 2 and 3 are
repeated until
convergence has been
reached.




Clus’rerlng (3) Clus’rer Afflm’ry Secrch Techmque

Clus’rer Affmlty Search Technlque uses an iterative approach to segregate elements with
‘high affinity’ into a cluster. The process iterates through two phases, (1) addition of high
affinity elements to the cluster being created and (2) removal or clean-up of low affinity
elements from the cluster being created.

e e — q e

setS: 4 genes, 4 shownJ setl 6 qenes 6 shown, [sem 9 genes, 9 shown|

10 Normalized Intensity

Treatment Treatment
Dil




Network Pro’reln pro’reln m’rerochons

Profem—pro’rem mferachons refer to m’ren’nonol physical contacts established between two or
more proteins as a result of biochemical events and/or electrostatic forces.

Interaction > Networks > Pathways



@ieracﬁon

Why do we need protein interaction information

* Learning protein functions:
If two proteins interact, there is a very high possibility that their functions are
related as well

* Cellular operations are largely endured by interactions among proteins

« From protein pathways to understanding cells, tissues, ... to life and evolution



@ieracﬁon —> Networks

A network is the backbone of a complex system.
* A group or system of (electric) components and connecting circuifry designed to
function in a specific manner.
« Such motifs are found in networks from:
Engineering : Electronic circuits, World Wide Web et al.,
Biochemistry : Transcriptional regulation networks
Neurobiology : Neuron connectivity
Ecology : Food webs

transcription neuron synaptic ecological
network connection network

X—>Y represents

genex geney




@ieracﬁon —> Networks —> Pathways

* |t can be defined a modular unit of inferacting molecules to fulfill a cellular function.

« |tis usually represented by a 2-D diagram with characteristic symbols linking the protein
and non-protein entities.

®Oo—0—0

A circle indicates a protein or a non-protein biomolecule.
An symbol in between indicates the nature of molecule-molecule interaction.



Gene annotation

= e e

—

Level 2: component interactions, such as STRING? ......

Level 3: genome spatial orientation, such as Chromosome map?®

Level 4: evolutionary change: such as PHYLIP4 ......

1: NCBI Gene: http://www.ncbi.nim.nih.gov/gene/

2: STRING: http://string-db.org

3: Ensembl: http://asia.ensembl.org/Homo sapiens/Location/Genome
4: PHYLIP: http://evolution.genetics.washington.edu/phylip.html

Level 1: component, such as nuclear acid, amino acid, small molecule'


http://www.ncbi.nlm.nih.gov/gene/
http://string-db.org
http://asia.ensembl.org/Homo_sapiens/Location/Genome
http://evolution.genetics.washington.edu/phylip.html

practice
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Jung-hs \ Vincent Tseng?,
Yat-ming Yung hang®

'Department of Parasitology. ’Depcrhnont of Computer Science and Information
Engineering, National Cheng Kung University, Taiwan, R.O.C.

’Department of Parasitology. “Department of Pharmacology. *Department of Medicine,
College of Medicine, Chang Gung University, Taiwan, R.O.C.



Bladder Carcinoma Cell Lines

Species
Strain/Ethnicity
Age/Stage
Gender

Morphology
Stage
Grade

MGH_U4 (Early Stage)

Human bladder
carcinoma

Homo sapiens

Bladder;
transitional cell carcinoma

Epithelial

MGH_U

Human k&
carcinon

Homo sa
Caucasic
81 years
Female

Bladder;
tfransition

Epithelial
B
Il

Urothelium

Lamina
propna

Muscle Perivesical
fat



Clustering of 9,649 ESTs and the distribution of transcripts

MGH_U4 MGH_U1 BFTC_905
(Early Stage) (Invasive Stage) (Black Foot)

Clusters: 1,725
Singletons: 2,508
ESTs: 9,649

642 568 749
1,457 1,581 449
3,680 3.517 2,452



Comparative franscriptomics of 4,341 unigenes

BFTC_905
(Black Foot)
1,297 unigene

MGH_U1
(Invasive Stage)
MGH_U4 2,437 unigene
(Early Stage)

2,280 unigene



Gene Ontology Classification
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Cellular location Molecular function Biological process
subcellular structures, the tasks performed by broad biological goals, such
locations, and individual gene products; as mitosis or purine
macromolecular complexes; examples are transcription metabolism, that are
examples include nucleus, factor and DNA helicase. accomplished by ordered
telomere, and origin assemblies of molecular

recognition complex . functions.




Protein Protein Interaction Functional Module Network

Unigenes

l

Scaffold

Functional Module

EST

l /. SAGE N

Subtraction —>» mapping —>» Proteomics —>»

/

Microarray

Functional
Module

Text mining



Scaffold Figure of 4,341 unigenes ' o
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MGH_U4 Specific Unigenes
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MGH_U1 Specific Unigenes




BFTC 905 Specific Unigenes
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MGH U4, MGH_U1 and BFTC 905 expression

Oncogene Candidate

HMGA1

Tumor Suppressor Gene Candidate

APEX1, DDIT3, DNAJA1, HMGB1, HSPA9B, NPM1
Black Foot Related Gene

FBXL11, HIPK1, MYC, RARS, TFDP2

RARS
\o
<
MYC P HSPA9B
o ° ./
Q
> o "
K FBXLII ’. '\
. .___’\ . APEXI ¢ e
L\ )
M Ll * DNAJAT
v
TCEAI

MGH U4 (early stage)
MGH U1 (invasive stage)
BFTC_905 (Black Foot)




ESTs mapping
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@ KRT1B
EGFR

KRT8

Possible pathway of General
Bladder Carcinoma

NOL1
MDM2
ANXA1
S100B
NCL
HIST3H3
NPM1
S100A11 "
HRMT1L1

TP53

g TR
EVPL

KRT10

0... . .
, T PXN
Yol g . __, LGALS1
. MYL6
" .oo\
N MY
AN
~es’’

\‘TCTEL1

BCL2L1
TCTEIL
TOMM20
VDAC1

@

AT
/1

DAXX
HSPB1
MAPKAPKS
EIF4G1

Possible pathway of
Bladder Carcinoma caused

i by Black Foot
i JUP

. PPFIA3

/ CTNNB1

PPFIA2
PSEN1
DLG1
CDH1
CTNNA1
PTPRF

MGH U4 (early stage)
MGH U1 (invasive stage)
BFTC_905 (Black Foot)



Practice and
Take home message

%

- artistic_license.txt

il 32 2%

. | data «——mmM8M8M8M8M—

- | documentation <«—

M lib

.| microarray_data «—

' plugins
- R-2.11.1

.| RPackages

FRAR

E MeV.exe
M TMEV.bat

default dataset

manual

practice dataset



O hippotntw@gmail.com
X hippotntw@163.com

Jerry Jyh-wei Shin

ﬁf 212258307



