Different microarray
applications

Aim of lecture: To get some basic knowledge about the
different applications microarrays are used for

Rita Holdhus
Introduction to microarrays
December 2011
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Systems biology — microarray applications

The understanding of a biological

microarray.no
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Gene expression

Total RMA cDNA 8 chRMNA
Measuring mRNA transcripts in order ~ —————~ ARz Transcription Transcripiion (:
to determine the gene expression = ARAR — > il i
profile in the sample wEAE = < 2
L GeneChip % i h"
Monitoring thousands of genes Expraanion s B
simultaneously __/ g B
/’" ik - AN
Hybridization cANA
Only known genes or ESTs
can be analyzed g (B 9.0

Measuring: RNA in order to find
gene expression changes
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Gene expression studies

Gene affected by a given treatment

Time series (with and without a given
treatment)

Patterns of gene activity (healthy vs.
control)

Predicting disease by gene patterns
— Predict outcome of AML disease
— MammaPrint (breast cancer prognosis)

Surgical Unfixed
removal of Q% sample y 4
tumor tissue .

"~/
| Agendia
Labeled Tumor i .
tumor cDNA RNA Container
or cRNA System
7

control cDNA

or cRN

- ~DNA micro array
7770 genes

VN
N2>
Labeled K
2

Comparative analysis of

gene expression
Molecm
signature

http://www.agendia.com/pages/mammaprint/21.php
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MIRNA

MiRNA are small non-coding RNAs (19-23

nucleotides)

MIRNA act as regulators that binds to
complementary sequences in the 3'UTR of a

target mRNA trasncript

Over 10 000 miRNAs have been identified in
a range of species, 940 found in humans

Estimated that more than 60% of human
protein-encoding genes harbor miRNA

target sites

Translationally repressed mENA
3 3
3 SAWAMA

Exportin Sinduced
nclesr expart

CYTOPLASM

Measuring: RNA in order to
determine miRNA expression
profiles
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MIRNA study
Human heart failure

MNF 1EM DCM AL
A study og miRNA expression in 67 = ._":' B
human left ventricular heart samples i
L]

Out of 87 detected miRNAs, 43 were
differentially expressed in at least one
disease group, suggesting that miRNA
expression is altered in heart disease

T T

- B

MiRNA expression pattern is distinct
between diagnostic classes

T

lkeda S et al. 2007
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MIRNA

mMiRNA have shown to be

Critical in the development of organisms
Negative regulators of mMRNA translation
Differentially expressed in tissues
Involved in viral infection processes
Associated with oncogenes

Potential in miRNA expression profiling

Insight in gene regulation mechanisms
Biological subgrouping (diagnosis and prognosis)
Identification of potential therapeutic miRNA targets
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DNA copy humber

A normal somatic cell has two copies gg H )g N M
of each chromosome n §! ” 1ose 3 B

10

i BR BE sx B8 B

BI1 SE 82 D! ‘21ﬁ 6225 )K i

An alteration of the DNA of a genome
that results in the cell having an
abnormal number of copies of one or
more sections of the DNA

Duplicated area

Caused by structural rearrangements in
the genome such as deletions,

D IS duplications, inversions and
translocations

After
duplication
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DNA copy number changes can be detected using
cytogenetic techniques such as FISH, CGH,
karyotyping and SNP arrays

1 Mb oCGH plot

T T 1T T 1 1®

© T T T T

Chromosome 5 G Chromosome 9

200 "o 20 40 60 80 100 120 140

Measuring: DNA in order to find DNA
copy number changes
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DNA copy humber study

Potential in DNA copy number profiling
* |dentification of candidate (disease) genes
* |dentification of genetic disorders/syndromes

WL PL)

2]

Lybaek et al., clin Genet 2008
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SNP

* SNPs are normally occuring DNA variants
(markers) located in the genome

 SNPs are DNA sequence variations occuring
when a single nucleotide —-A, T, C or G in the
genome differs between members of a species (or
between paired chromosomes in an individual)

 SNP-genotyping is used to study diseases since

SNP are inheritable.

» Genotyping is used for identifying novel candidate

(disease) genes and mapping multifactorial
conditions/diseases

Measuring: DNA in order to
determine the SNP-genotype profile

o— : e T

"l
y
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Magnitude of effect

Two types of SNP studies

Aaaociation

More powerful in detecting
common genetic variants
with modest effect sizes,
given large sample sizes

Linkage

Involved studying closely-
related individuals

Identifies large segments of
chromosomes that
segragates together

Successful for identifying
genes in Mendelian traits,
but not for complex traits

v

Frequency in population
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SNP — linkage studies

Founder — tgﬁm;mﬁ{1*_m$;
B o III
Linkage study is a method that allows us AR -
to determine regions of chromosomes
that are likely to contain a risk gene, and
rule out areas where there is a low

chance of finding a risk gene

The linkage method works by linking a
given SNP-genotype to a given disease
and thereby to a DNA region containing
the disease causing gene.

Patients needs to be related to each

SNP 1 A B
other. NP 2 A B
SHP 3 E A

SNP 4 A E

SNP & - B B

SMNP G B B

SNP s ] Ee

SNP & A A

SHP © - A E

SHP 10 B A

BHP 11 -1 A

ENP 12 A B
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SNP - Linkage study

LeRDAG 25 SEFTEMEER 2004 [T 4

20 NYHET

=
i g

2
-

 Linkage study identified the
gene causing Cold-Induced
Sweating Syndrome (CISS)

» CISS is a very rare disease and

‘GENFEIL: Ettersnart 22 &rs kamp har Man T haresz Hermansen endelig Fatt svar En genteil ut laser de voldsomme svettzantallzne

= Svetteanfall

Foto: Tore Bergsaker

[T Man-Therass
fortalte om sin vold-

somme svetteanall

ogilae imarsidr

Etter 22 &r med van-
vittige svetteanfall,
har Nan-Therese
Hermansen fatt nytt
hap om at lidelsene
snart skal ta slutt.
Norske genforskere
har funnet feilen.

Takst: Hilde Schierve
nhsmdagbadetna
~ Dever hele uvirkelig! fegdro rece
ut og feires med femrewers mid-
dag med papps, sier
Han-Therese Hermansen til Dag-
blader.

22-hringen har slie: med vold-
somme sveceenfoll kombinere
med en intens, indre Ko helt si-
den hunvar baby. Hvercanfall va-
e fra fire vl 24 timer. Om hasen
og vinweren kan de komme si
Iyppig som cre-fire ganger hver
uke.

Genfeil

Ingen diagnose, ingen brhand-

ling. Trass i muu;e wredninger
wed ulike norske sykehus, var

T T i o ghee for

legene da hun sto fram | Daghla-
et i mars,

N har derimet en professor
i Bergen lost giten. Nan-The-
reses sverceanfall skyldes en
feil pi ett av hennes 30 oo ge-
ner.

— Klan dec er morsome 3 ha
funner hemmeligheen! Hadde
dee tkke vre for ac Nan-Therese
seo fram i Dagblader, ville hun
foresact vaor el wiredning For epd-
lepsiog hacren mye lengre veidzh

geneiikk cg molckylzrmedisin
vcd Haukeland universivessyke-

Genjakt
For dec var cilfeldigheter som
giorde ac Oslo-jeneas hiseorie
nidde professoren i Bergen.
~En av mine pasiencer hadde
lest saken og kienee igjen de kul-
i llene hen-

GLEDELIG: Man-Theress Her-
mansen og seksjonsoverisge:

Erik Smtre gleder seg over ny-
heten  Fobo: Tore Bergaaker
De 0 har aldri moees. Sare
blodpraver fra Nan-Therese og
hennes foreldre ble sende over

feller. Genjakeen kunne starte:
Forskerne jobbet ut fra hy-
potesen om at Nan-Therese li-
der av kuldeindusert svette-
symdsom (KISS). 1 fior fant
mfei-

nes fra egen erfaring. Han ringee
meg o spuree, s kan du ikke giore
e for Renmers,Tog var e3¢
det var mange likhecserckk, =
giennom Dagblader fikk jeg kon-
ke med Man-Therese, foreeller
Boman.

kgt o gt Sss, 1
samarbeid med ismelske og
amerikanske kolleger.

KISS er ubyre sjeldent. Somans
pruppe har funnec genfeil bare
hos en hindfull pasiencer. To
sasere fra lsrael, e fa Norge, en

fra Canada, en fra Ausiralia og nd
Man-Therese:

“Arsaken il genfeilen er en mu-
wsionsom Man- Therese har arver
fia hegge foreldrene, Die hadde en
risiko for at ece av fire barn skulle
i tilseanden.

- Tor ikke hipe
Detstore spmmlcrwa:.mmdc:
finnes noen behandling som kan
hjelpe L«énns

un har blice skuifer nok dd-
llgcrt = jeg vil ikke gi henne for
mye hap. Men en kanadisk pro-
Fessori neviologi har funnee fram
il ciltak som hat hjulper hennes
pasient. Av en eller annen grunn
drayer det for jeg Fir viee hva be-

handlingen gir ue pa, sier Boman

Siden han ikke er Nan-Thereses
behandlende lege, vil han ikke
blande seg horel bva Ullevil uni-
versiteesspkehus bestemmer seg
for.

~ Jog har forsikrer meg om at
norske KISS-pasientervil vere
wvelkomne til utredningi Cana-
da, dersom det et er onskelig.
sier Boman.

Man-Therese reiser ndr sam
helse.

~ Det er gods hare & @ vice hva
som er feil med meg. Men jeg ear
ikke hipe pa for mye. Finner de en
b(hmd ng, er dee bedre med en

lse enn o n:\i:rhg Jeg

ml vm realiseisk, sier

- Rent slumpetreff

Nan-Therese Hermansens
lege, Erik Sztre, mener at
et rent slumpetreff har
lost sykdomsgiten.

~ Hadde dev ikke vareforas Helge
Borman tilfeldigeis forsker pd dis-
se genene da Nan-Therese st
fram i Daghladet, og en av hans
mu:ﬁ‘; sabens il viikke
waert der vi er i dag. Hiscorien ex

cgemilig ganske finuaselsk, sier
Erik Saere, som er seksjonsover-
lege ved epilepsienheten pa Uille-
wal universiterssykehus
D brevee fra Boman kom, ble
han forse weldig usikker. Ni o
han derimer ax sporet er rikrig.
1 hose skulle Man-Therese reise
dl uredning wed St. Mary’s Hos-
Eveer Bomans
Tunn, hlmmmpunm skrinlage

has only been detected in 8
individuals from 5 different

families

* Nan-Therese inherited the
same mutated gene-allele from
both here parents

Knappskog et al., AM J Hum Genet 2003
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Whole genome association studies (GWAS)

Association study: Examination of many common gentic variants om diffent
individuals to see if any variant is associated with a trait

Association studies are used in so-called "common public health diseases”
as:

— Diabetes

— Rheumatism

— Heart-/stroke diseases
— Psychological diseases

Such diseases are "multifactorial” i.e influenced by both genetic- and
environmental factors.

Therefore association studies requires thousands of patients with a certain
disease and thousands of control samples

www.uib.no




Assoclation studies

SNP-genotyping of genes involved in
development of schizophrenia

— 4 718 persons with schizophrenia
— 41 201 control persons

— Individuals included from 10
countries

Found deletions that were 12-15
times more frequent in persons with
schizophrenia than in control persons

Indicates that the genes located in
these deletions are involved in
development of schizophrenia

19211 142,000,000 ] 144,000,000 | 146,000,000
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chlP-on-chip

 chlP-on-chip: chromatin

. .. . . gendrme DA
Immunoprecipitation-on-chip ’M T

IR
an chaar

* Immunoprecipitation of
DNA-binding proteins and
their target DNA sequences

Rytedaain

ps—| A

» Regulatory proteins binds
to promotor DNA regions and
therby regulate gene
expression

Measuring: DNA fragments that has been
bound to a specific protein
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Goal of chlP-on-chip is to loacalize Distal regulatory slements _
proteins binding sites that may help ' r

Locus control

identify functional elements in the e InoUBlOr Silencer  Enhancer
genome
Promotor regions o cow

promoter
Enh Slomens
nhancers |

Promoter (< 1 kb)

Repressors

Silencing elements
Insulators

Seqguences that control DNA replication

Some drawbacks

Expensive for genome-wide resolution (need tiling arrays)
Need highly specific antibodies

Resolution (30-100bp)

-'|‘::.' oy A l_.__',.-—*:'- J
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chlP-on-chip

» Study of transcription factors and
gene expression in human
embryonic stem cells vs. in
differentiated tissues and cell types

* |dentification of target genes for

three stem cell specific transcription
factors

o [ S R ==
\ . ; % " SNE

| ES Cells
Thyroid, Prostate
Lung, Uterus
Immune
Neuronal
Islet, Liver
Kidney, Heart

g
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— —
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DFPA&
ZIC3
TOFG1
POUSF1
NANOG
LEFTYZ

Bound Genes

HOF
LBX1
TITF
LHES
HOXB1
DLXS
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Proteln arrays

» Screening of thousands of different
interactions:

— Protein - antibody

— Protein — protein

— Protein — ligand

— Protein — drug

— Enzyme — substrate

o %
Substrate o
[+]
* o

Different dilutions - :
e 10 © O

Drawbacks
Ant|b0d|es Reverse-phase protein array

o. o QGO o Q' eoocoo o Qo
Different proteins like Soosscvoesoccs

different solution conditions

Expert Rev. Proteomics @ Future Schence Group (2009)
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Systems biology — microarray applications

Transciptome

»  MRNA expression

*  mMIRNA expression

» Splice variance

Genome structure

» DNA copy number
Genome variation

» Single nucleotide polymorphism
o Copy number variations
Proteome

* Protein-protein interactions
* DNA-protein interaction
Epigenetics

 DNA Methylation

» Chromatin structure
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