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Agit. TovISIWMATIKA

AEITOUPVYIKN YOVIOIWMPATIKA: T
gival

[TpooTraBci va Katavoroel TIG AEITOUPYIEC TwV BIOAOYIKWYV
Hopiwv, o€ €TTITTEO0 OAOKANPOU TOU YOVIOIWMNATOG.

[ivovTal JETPNOEIC YIa TO OUVOAO TwV yoVvIdiwv, O€ MId
OUYKEKPIUEVN OTIYUN ) KaTAOTAON.

ApXIKQA, Ol JETPNOEIC YivovTav yia Eva Biouoplo. ZApepa
LMEAETAMNE TNV CUUTTEPIPOPA OAOKANPOU TOU CUCTAMOTOC.

H peAETN TNG HETAYPAPNC TOU GUVOAOU TwV YyovIdiwv ovouddeTal
LMETAYPAPWUATIKNA N transcriptomics.
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Transcriptomics

Expressed sequence tags (ESTs)

Serial analysis of gene expression (SAGE)
MikpoouaoTolxiec (microarrays)

RNA-seq (whole transcriptome shotgun sequencing)



mRNA abundance ratios versus protein-abundance ratios.

mRNA versus protein abundance ratios, Gal/Eth
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Expressed sequence tags
(ESTs)

— —
6 Cell or tissue —, > T
‘_
Isolate mRNA and ¢ Deposit the
J reverse transcribe EST sequences
V' into cDNA dbEST
> 5 EST/’ '\ 'EST
—_— >
H Clone ¢cDNA into a vector \ /
to make a cDNA library \\ 7
cDNA cDNA # B
l/-\ /I\\\ /-\ cDNA 4/ Sequence the
\o ) '\\ ; /_\ 5'and 3’
W MY v N \ ends of
= ¢DNA insert
Pick individual \ /l
clones \ o vestor

~—

Figure 12.1. Overview of how ESTs are constructed.
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Expressed sequence tags
(ESTs)

To cDNA kAwvoTrolgital o€ Qopeic (vectors) kal dnuioupyeital
uia BiIBAIOORKN.

ATIO TNV BIBAIOBNAKN, ETTIAEyOVTAIl TUXAIO KAWVOI VIO
aAAnAouxian.

H aAAnAouxion ¢ekivael €ite amrd 1o 5’ 3 10 3’ akpo Tou cDNA.
Ta Tmapaywueva ESTs €xouv unkog 400-600 voukAeorTidia.
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Expressed sequence tags
(ESTs)

H ouxvotnTa Twv d1a@opwyv ESTs TTou avTioTolxouv o€ £va yovidlo
QAVTIKATOTITPICEl € KATTOIO BABUO TO ETTITTEDO TNG METAYPAPAGS TOU YoVvIdiou.

XaunAa ekppaouéva yovidla ouvhBwe dev avixveuovTal ue TNV JEBODO Twv
ESTs.
Kupiwg avixveuovtal upgnAd ekepacueEva yovidia.

O1 akoAouBiec Twv ESTs €ival xapnAAG TToI0TNTAG Kal UTTOPEI va EUTTEPIEXOUV
AGON (AGBo¢ voukAeoTidia, peTakivnon avayvwaoTIKou TTAaigiou, AdBo¢ KwdIKOVIa
TEPUATIOPOU, XIMAIPIKOI KAWVOLI).

Av Kal Ta etmipépouc ESTs utropei va eutrepiExouv Aadn, pia cuAdoyn atrd
aAAnNAo-eTTIKOAUTITOMEVO ESTs emmiTpéTrel Tnv d10pOwaon AaBwv Kal icwg Kal TV
avakaTtaokeur TG akoAouBiag oAdkAnpou Tou cDNA.

Map’ 6Aa ta TTpoBAApara, Ta ESTs xpnoipgotrolouvTal cuXvd, AOyw TNG EUKOAIAG
TToU dnuiIoupyouvTal ol BIBAI0BAKEC o€ dIAPOPEC OUVONKEG.
EmmiTpéTTOouV TNV avixveuon vEwV YoVIOiwvV.
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Expressed sequence tags
(ESTs)

« KardBeon twv dedouévwy oTtnv BA:

— NCBI: dbEST (1992)
— www.ncbi.nim.nih.gov/dbEST/
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Expressed sequence tags
(ESTs)

« O1 akoAouBicc:
— @IATpApoOvTAl.

— QupadoTtroiouvtal Kal Tuxov Aaen diopbwvovtal -> EST
contigs.

— EvroTtridovTal ol TTEPIOXEC TTOU KWOIKOTTOIOUV TNV TTPWTEIVN
UE aAyopIOuoucg TTPOLBAEWNC YoVIDiwV.

— H mTpoBAeTTOMEVN TTPWTEIVN ETITPETTEI TNV avalrTnon
odoAOywv o€ BA kai Tnv TTpoRAeWwn TNG AsIToupyiac.

— Av givai dilaBéaipo 1o yovidiwua, 101E Ta ESTS fonBouv oTtnv

avixveuon yovidiwv Kal 0TOV KaBopIonO Twv opiwv PETACU
IVTPOVIWV-EEOViWV.
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Expressed sequence tags
(ESTs)

www.ncbi.nlm.nih.gov/UniGene/

KaBe ouada ESTs eival aAAnAostmikaAutitopeva ESTs 1TOU
QVTITIPOOWTTEUOUV £VA OUYKEKPIMUEVO YOVidIO




Aeir. FoviISiwpaTIKA

Unigene

e oo uid=163517 UniGene Result
|>

[ < ] [ ok I'%http://www.ncbi.nlm.nih.gov/sites/entrez?db=unigene&cmd=search&term=ESR1+human C] (Qv Google
[0 %2 e-Class Open Access...ormatics.ca MolecularEvolution B&B

Introducing...ng Language Quick-R An On-Line Biology Book

[

- =, - My NCBI
- NCBl f:g’ UniGene [Sign In] [Register
) <=
All Databases PubMed Nucleotide Protein Genome Structure OMIM PMC Journals Books
Search | uniGene I4) for ESR1 human ( Go ) (Clear) Save Search

[ Limits | Preview/Index | History | Clipboard | Details |

Display = Summary ‘%) Show 20 %) SortBy 4) sendto %)

( All: 1 \ Fungi: 0 | Insects: 0 | Mammals: 1 | Plants: 0

1 Estrogen receptor 1
ESR1, Homo sapiens Recent activity -
Hs.208124: 217 sequences. Turn Off Clear
Order cDNA clone

Q| ESR1 human (1)

Q_ 9606(taxid] AND
adult[res... (2280)

E Estrogen receptor 1
Q ESR1 (31)
Q ESR1_HUMAN (0)

» See more...



Unigene

Estrogen receptor 1 (ESR1)

SELECTED PROTEIN SIMILARITIES

Comparison of sequences in UniGene with selected protein reference sequences. The alignments can suggest function of a

gene.

NP_001116212.1
XP_001097228.1
NP_001158059.1
NP_031982.1
NP_001083084.2
NP_694491.1

GENE EXPRESSION

Tissues and development stages from this gene's sequences survey gene expression. Links to other NCBI expression

resources.

Reference Protein Species Id(%)
estrogen receptor isoform 2 H. sapiens 100.0
PREDICTED: estrogen receptor isoform 1 M. mulatta 99.7
estrogen receptor P. anubis 99.7
estrogen receptor M. musculus 948
estrogen receptor 1 X. laevis 824
estrogen receptor D. rerio 69.9

Restricted Expression: adult [show more like this]

EST Profile:

GEO profiles:
cDNA Sources:

MAPPING POSITION

Genomic location specified by transcript mapping, radiation hybrid mapping, genetic mapping or cytogenetic mapping.

Chromosome:
Map position:

UniSTS entry:
UniSTS entry:
UniSTS entry:
UniSTS entry:
UniSTS entry:

Approximate expression patterns inferred from EST sources.
[Show more entries with profiles like this]

Experimental gene expression data (Gene Expression Omnibus).

uterus; mammary gland; ovary; uncharacterized tissue; prostate; pancreas; muscle; kidney;
testis; lung; brain; spleen; trachea; thymus; heart; pituitary gland; eye; connective tissue;

adrenal gland; embryonic tissue; lymph node

6

6q25.1

Chr 6 PMC108984P2

Chr 6 RH103609
BARC0078
Esr1
Esr1

Len(aa)

594
594
594
598
584
531

Aeir. FoviISiwpaTIKA



SEQUENCES

Unigene

Sequences representing this gene; mRNAs, ESTs, and gene predictions supported by transcribed sequences.

mRNA sequences (78)

BX640939.1
NM_000125.3
M12674.1
AF120105.1
AY750962.1

AF258449.1
AF258450.1
AF258451.1
DQ163909.1

BC128574.1

Homo sapiens mMRNA; cDNA DKFZp686N23123 (from clone DKFZp686N23123)
Homo sapiens estrogen receptor 1 (ESR1), transcript variant 1, mRNA

Human estrogen receptor mMRNA, complete cds

Homo sapiens alternatively-spliced estrogen receptor alpha mRNA, partial cds
Homo sapiens estrogen receptor alpha mamillary body 1 isoform mRNA, partial cds,
alternatively spliced

Homo sapiens estrogen receptor alpha mRNA, complete cds, alternatively spliced
Homo sapiens estrogen receptor alpha mRNA, complete cds, alternatively spliced
Homo sapiens estrogen receptor alpha mRNA, complete cds, alternatively spliced
Homo sapiens hippocampal estrogen receptor alpha isoform TADDI (ESR1) mRNA,
partial cds, alternatively spliced

Homo sapiens estrogen receptor 1, mMRNA (cDNA clone MGC:157709
IMAGE:40128595), complete cds

EST sequences (10 of 140) [Show all sequences]

Al025006.1
Al073549.1
Al127412.1
BX108369.1

Al202659.1
Al274727 1
Al273871.1
Al370308.1
CB215772.1
Al524356.1

Clone IMAGE: 1631712 mammary gland
Clone IMAGE: 1640294 testis
Clone IMAGE: 1705898 heart
Clone ovary
IMAGp998C181779_;_IMAGE:725321

Clone IMAGE: 1943657 prostate
Clone IMAGE:1986505 uterus
Clone IMAGE:1964251 ovary
Clone IMAGE: 1987501 uterus
Clone IMAGE:5937582 uterus
Clone IMAGE:2118591 prostate

( Download Sequences )

Key to Symbols

P Has similarity to known Proteins (after translation)
A Contains a poly-Adenylation signal

S Sequence is a Suboptimal member of this cluster
M Clone is putatively CDS-complete by MGC criteria

3'read
3' read
3'read

3' read
3' read
3' read
3'read
5' read
3'read

T VT
>>»>»> > 3

>
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EST Profile

Hs.208124 - ESR1: Estrogen receptor 1

Breakdown by Body Sites

adipose tissue
adrenal gland
ascites
bladder

blood

bone

bone marrow
brain

cervix
connective tissue
ear

Breakdown by Health State

adrenal tumor

bladder carcinoma

breast (mammary gland) tumor
cervical tumor
chondrosarcoma

colorectal tumor

esophageal tumor
gastrointestinal tumor

germ cell tumor

glioma

78

63

o O O o o

Unigene

Hs.208124
0/13106

- 1133197
0/40015
0129757
0/123478
0/71655
0/48801
1/1100989
0/48171
11149255
0/16212

w o
o

o O 0O 0O 0O 0O O o o

Hs.208124

- 1712794
0/17475

- 6/94178
0/34366
1182823
0/114246
0/17290
0/119369
0/263845
0/106883

Breakdown by Developmental Stage

Aeir. FoviISiwpaTIKA

Hs.208124
embryoid body 0 0/70761
blastocyst 0 0/62319
fetus 5 3/564012
neonate 0 0/31097
infant 0 0/23620
juvenile 0 0/55556
adult 21 42/1939121
LEGEND

Liver 98 - 13 /131488

Lung 0 0 /282332
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Unigene

*O1 BIBAI0BNKEG ival opyavwpéveg oTo library browser
http://www.ncbi.nlm.nih.gov/UniGene/lbrowse2.cgi? TAXID=9606&log$=BlueSideBar

e006 Library Browser:Homo sapiens
[ « | » || + [ = http://www.ncbi.nim.nih.gov/UniGene/Ibrowse2.cgi7TAXID=9606&l0g S=BlueSideBar ¢ | (Q- unigene

M e-Class Open Access...ormatics.ca MolecularEvolution B&B Introducing...ng Language Quick-R An On-Line Biology Book Web of Knowledge Mappy
=2 NCBI » UniGene » Homo saplens » Library Erowser

PubMed Nucleotide Protein Genome  Structure PopSet Taxonomy OMIM

Search  UniGene 4) (Go) (Clear)
Libraries for | Homo sapiens I'+) with minimum sequences 1000 Show )
Collapse All | Expand All
Body Sites
v adipose tissue 18 libraries
Lib.10983 Human Fat Cell 5-Stretch Plus cDNA Library 9638
Lib.886 NCI_CGAP_Lip2 1740
Lib.16445 Sugano cDNA library, adipose tissue 1665
Lib.816 Adipose tissue, white Il 1195
Not Shown: 14 libraries having fewer than 1000 sequences
w adrenal gland 30 libraries
Lib.18302 ADRGL2 10385
Lib.7317 NIH_MGC_84 7572
Lib.6791 ADB 6475
Lib.927 NCI_CGAP_AA1 3363
Lib.16377 Sugano cDNA library, adrenal gland 2772
Lib.6815 cdA 2460
Lib.6792 ADC 1995
Lib.6793 Cu 1649
Lib.993 NCI_CGAP_Phe1 1356
Lib.766 Adrenal gland tumor 1183
Not Shown: 20 libraries having fewer than 1000 sequences
v amniotic fluid 63 libraries
Lib.7332 ANO0080 1112
Not Shown: 62 libraries having fewer than 1000 sequences
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Digital differential display

http://www.ncbi.nlm.nih.gov/UniGene/help.cqi?item=DDD

2 UYKPivel opddec BiIBAIoONkwy ESTs peTALU TOUG Kal BpioKel TTOIA
yovidla €ival TTEPICCOTEPO EKPPATUEVA OTNV KABE HIa aTTo TIG
BIBAI0ONKEC.

H ouykpion yivetal ye Fisher’'s exact test.

[la va yivouv o1 cuykpioe€lg, Ba TTpETTEl 0 apIOPOC Twy ESTs 1TOU
QVTIOTOIXOUV O€ £va yovidlio, yia Tnv KABe BIBAI0BNKN, va ¢etTepvacl Eva
KATW@AI, aAAIWG OEV UTTOPOUV VA @avouv oI DIaPOPEC.

O1 ouyKpioE€IC uTTOPOUV Va ATTOKAAUWOUV yovidla TTou TTai(ouv
onNMUavTikd pOAo o€ KATTOI0 1I0TO 1) TTEPIBAAAOVTIKA KATACTAON 1)
aoBévela.




Digital differential display

Digital Differential Display (DDD)

DDD is a tool for comparing EST profiles in order to identify genes with significantly
different expression levels (More about DDD).

Species: Homo sapiens (human) Start Over
Pool A: Muscle 2 libraries, 5084 ESTs Edit Pool
Pool B: Skin 4 |ibraries, 35274 ESTs Edit Pool

New Pool

Differential Display Results

The following genes (UniGene entries) display statistically significant differences in EST counts by the Fisher Exact Test.

A B
Muscle Skin

0.0519 0.0000 Hs.728212 Transcribed locus, strongly similar to NP_001091.1 actin, alpha skeletal muscle [Homo sapiens]

UniGene Entry

L
0.0228 0.0001 Hs.134602 Titin (TTN)
L
0.0142 0.0000 Hs.726317 Transcribed locus, strongly similarto NP_036662.1 creatine kinase M-type [Rattus norvegicus)
k=)
0.0134 0.0000 Hs.631558 Troponin T type 1 (skeletal, slow) (TNNT1)
o
0.0124 0.0000 Hs.320890 Troponin |type 1 (skeletal, slow) (TNNI1)
k=)
0.0104 0.0000 Hs.719946 Myosin, heavy chain 7, cardiac muscle, beta (MYH7)
=)
0.0094 0.0000 Hs.517586 Myoglobin (MB)
=)

0.0092 0.0001 Hs.598320 Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
=)

Agit. TovISIWMATIKA



Microarrays



Microarrays

Chips 1 avTikeluevopopol TTAAKEC TTOU JETPAVE TNV YOVIOIOKN €Kppaon
(ka1 6x1 Jovo).
Agv PHETPAVE ATTOAUTEG TINEG OUYKEVTPWOEWY PETAYPAPNUATWV.
MeTpave OXETIKEC AAAQYEC.
— [a pia ouvBnikn, 1600 TTI0 augnuEvn A MEIwPEVN gival N EKQpach EVOC
yovidiou, o€ oX€on HUE MIa AAAN ouvenkn.
— Tl.x. Néoo o auénuévn/peiwpévn gival n Ekppacn evog yovidiou A PETA
at1ré doknon (control: apéowc TTpIv TNV doknaon).

Agv pTTOPOUUE VO OUYKPIVOUNE TO yovidlo A pe 1o yovidlo B

270 Chip utrdpyxouv yia 10 KABe peTaypdpnua:
— cDNAs oAdOkAnpou Tou petaypagwpuarog (spotting) (PCR)
— oAlyouepn (Ta Aeyopeva oligo-probes), pe unkog 25-70 Baocelc.
« Spotting
* In situ synthesis



2. XETIKEC OIAPOPEC

relative measurement 2

COLORS (Cy5 / Cy3) ?b(?(c)):f(t); n(m(e;a;,s:"u)rement




2. XETIKEC OlIAPOPEC

intensitX

Highly expressed
genes, highly
differentially
expressed

'5}

Low expressed,
genes slightly
differentially
expressed

gene a

gene b

gene c



[TpOyovol Twv microarrays

Southern blot (DNA - DNA) - 1975 (Ed Southern)
EAEyxel yia Tnv TTapoucia piag ouykekpinévne DNA akoAouBiag og éva
ociyua

- Agarose Gel Transfer or BLOT DNA
' fragments from GEL to
PRO?E Membrane
Membrane with Radiolabeled probe
DNA bands Incubated with Bound DNA Bands
Bl transferredtoit Membrane  |d areExposed.on Film




OAIyo-MikpoouaTolxiec
(oligo-microarrays)

Chip oT1o otroio utrapyxouv DNA oAiyopepn (Ta Aeyoueva probes), ue
MNKog 25-70 BACEIC TTOU QVTITTPOOWTTEUOUV TO YOVIQIWHA EVOC
opyaviouou.

[MeploodTEPA ATTO £va dIAPOPETIKA probes utTopei va uttdpxouv yia Eva
yovidlo.

[Mavw o€ autd Ta probes uppidifovral Ta CUPTTIANPWHATIKA Toug cDNAS.
To k&Be cDNA egival ouvdedepévo e pBopidouca XPWOTIKN.

KaBe knAida (spot) ato chip avTioToIXEi O€ Eva OUYKEKPIMUEVO €i00C
probes.

H évraon TnG @Bopiloucac XpwaTIKAG UTTOONAWVEI TNV £€vTaon UE TNV
otroia ekppaletal To MRNA yia Tov avtioToixo probe.



T1 uTTOPOUV Va EAEYCOUV

‘Ekppacn mRNA.

‘Exkppacon micro-RNA.

CGH (comparative genomic hybridization).
SNPs.

DNA upeBuAiwon.

ChlP-on-chip.



Ta BRuaTa

Design Experiment

¢

Perform Experiment

¢

Assess Array Quality

|

Normalize Arrays

|

Summarize Data

{

Test Significance

{

Biological Interpretation

Figure 1
Steps In a typical microarray analysis.



MiKpoouaoTolxieC (microarrays)

« Me dUO XpwpaTa (TTPACIVO/KOKKIVO)

 To éva Xpwua gival yia Jia OUYKEKPIMUEVN OUVONAKN Kal TO AAAO
XPWHA yia pyia aAAn (ouviBwcg control).

« ECayeral To oAiIkd RNA yia Tnv KaBe ouvenkn.

« EAEyxeTal n ToooTNTA KaI TTOI0TNTA TOU RNA.

« T[ivetal ojuavon Tou KABe deiyparoc RNA pe ouyKeKpIPPEVN
xpwoTIKA (11.X. Cy5:red - Cy3:green).

 Ta 2 deiyyara avaplyvuovTtal Kal TO JiyJa UTTOKEITAI O€
uBpIdIoNO TTavw oTo chip.

o MeTpiéTal n évTaon TNG KABE pIag atro TIC 2 XPWOTIKES, YIa KABE
KnAida.

* YTmroAoyiletal 0 AOYOC TWV EVTACEWYV TWV 2 XPWOTIKWY, OTNV
KAB¢e KnAida.



MIKPOOUGOTOIXIEC

Experimental cONA Reference cDNA

labeled with Cy5 labeled with Cy3
RA. RS, RS RS,

%d hybridize
to microarray

[

design Scan Cy5 Nn Cy3
and printing

\/}verlay fluorescent
images

000
000
000




MiKpoouaoTolxieC (microarrays)

Av 1O yovidlo ekppadletal TTEPICOOTEPO OTNV A oUVONKN (KOKKIVN
XPWOTIKN) atrd 0TI 0TNV control (TTpAdo1Ivn XPWOTIKN), TOTE O AOYOG
ouvonkn_A/control (kokkivn/TTpdoivn) Ba givar A>1, aANIwg o€ avTiBeTn
TePITTTwon 0<A<1.

Av 1O yovidio ekppadletal pe dITTAGOIA EvTiaon oTnv ouvenkn A, o€
oxéaon Me TNV ouvlnkn control, TOTE 0 AOyog Ba gival A=2.

Av 1O yovidlo ekppadleTal Je TN MICH évTacon oTnv ouvlnkn A, o€ oxéon
ME TNV ouvenkn control, T0TE 0 Adyoc Ba gival A=0.5.

MeTtarpétrovrag Toug Adyoug o€ log,, EXOUE:
— A=2 ->log,A\=1
— A=0.5 -> log,A=-1
— Me Tnv kavovikoTroinon o€ log, Ta dedopEva yivovTal CUPPETPIKA.



MiKpoouaoTolxieC (microarrays)

« [161E Bewpoupe OTI Eva yoVvidlo UTTEP/UTTO-EKPPALETAI OE MIA
OUYKEKPIUMEVN OUVOKN.

— Log,A > 1 i Log,A < -1 (diITTAGC10/uTTOdITTAGCIO EKPPACN O OXEON
ME TN ouvOnkn control).

— Me oTatioTikég neBodouc (t-test, ANOVA).



microarrays

« Kartavoun Twv onuaTtwv.
* METATPOTIN - KAVOVIKOTTOINON TWV CNUATWV.

NAGYOG TwV 2 ONUATWY

p—
v
@

‘EvTacn ouvoAIkoU OrjuaTog

/Cy3)

y>

log, (C

Y

log, Cy3 (log, Cy5 + log, Cy3)/2

Figure 18.5: Scatter plot of gene expression analysis showing the process of data normalization. The
solid line indicates linear regression of the data points; dashed lines show the cutoff for a twofold change
in expression. (A) Plot of raw fluorescence signal intensities of Cy5 versus Cy3. (B) Plot of the same
data after log transformation to the base of 2. (C) Plot of mean log intensity versus log ratio of the two
fluorescence intensities, which shifts the data points to around the horizontal axis, making them easier
to visualize.



OpadoTroinon yovidiwyv JE TNV
1010 GUUTTEPIPOPA.

XpelalOpaoTe APKETA onueia (OIAPOPETIKEC CUVONKEC I XPOVIKES
OTIYMEQ)

* Me pebddoucg atTooTACEWY, OTTOU Ol JETPROEIC EVOC YoVIdiou yia
OIOPOPETIKEGC OUVONRKEC atToTEAOUV £va dIAvUOA.

* YTroAoyilouue QTTOOTACEIC HETAEU DIAPOPETIKWY OIAVUCUATWY
(yovidiwv).

— EukAcidia amréotaon

— 2UVvTeAeOTAC ouoxETiong Pearson (Pearson correlation
coefficient).

— AnuIoupyeiTal TTivaKag atToOTACEWY METACU TWV YOVIDIiwV.

— To avTioToIXO MTTOPEI VA YivEl Kal YIa va OOOOTIOI|OOUNE
KOIVEG OUVONKEG.



MIKPOOUGTOIXIEC

Ohr|1hr|2hr|3br|4dhr|Shr
GeneA | 1 4 | 6 8 6| 6
GeneB| 1 |06|03 010304
GeneC| 1 2 El 4 3 3
GeneD| 1 |15 3 2 1
GeneE| 1 1 |05|02|01]02
GeneF| 1 |03|01|02]|03|04
Gene B Gene C|Gene D|Gene E|Gene F
GeneA| 082 | 056 065 | 068 | -0.79
Gene B 085 | 086 | 066 | 067
Gene C 0.70 | 065 | 087
Gene D 041 | 0.72
Gene E 0.26
LY conversion of coefficients
1o positive distance values
Gene B |Gene C|Gene D|Gene E|Gene F
Gene A | 182 0.04 035 | 168 | 1.79
Gene B 1.85 1.86 034 | 033
Gene C 030 | 165 | 1.87
Gene D 141 | 1.72
Gene E 0.74

Time (hr)

conver 1o false 012345
colors Gene A
Gene B
— Gene C
Gene D
% Gene E
logs Gene F

Conversion

calculating Pearson Ohr|1hri2hr|3hr|4hr|5hr

correlation GeneA| 0| 2 |26]| 3 |26]26
cocfficients

between genes GeneB| 0 |-07|-17|-33|-17|-13

<4 GeneC| 0| 1| 2| 2 |18]|18

GeneD! O |06 1 |16 1 0

GeneE| 0O 0| -1]-23|-33]|-23

GeneF| 0 |17|33|-23|-1.7|-13

hierarchical Gene A
clustening Gene C
Gena D

Gene B

Gene F
—— Geme E




MnKoc Twv probes

Affymetrix: 25mer
Agilent: 60mer
lllumina: 50mer

O0oo peyaAutepo 10 probe, 1600 TTI0 €UAicONTO (UTTOPEI VA AVIXVEUOEI
targets o€ NIKPOTEPEC CUYKEVTPWOEIG).

Opwcg, NeyaAUTEPO probe UTTOPEI KAl VA QVEXTEI TTEPICOOTEPOUC
TTOAUHOP@IOHOUG (1] mismatches).



Y[BpPIOIOMOC TWV probes

Sugl]

LA A/ D
c




Probes & chips

M

— —_— —
I —_— —_— —
I I I —
-_ _— -- -_ - .. - - -_ - - . - Exon Arl‘ay
— - - == 3 Array

o— Others



2. XEOIAOMOC TWV probes

e Oa mpéTTel N akoAouBia Toug va gival povadiky woTeE va
QAVTIKATOTITPICEl TNV EKPPACN YIA TO YOViOIO TTOU OXEDIACTNKAV.

« OA\ol o1 probes Ba 1TpétTel va €xouv TTapopola Tm (BEATIOTN
Oepuokpaaia uBpIdIoHOoU).

 Ta probes d¢ev Ba TpETTel va aoxnuaTtiouv deUTEPOTAYEIC DOUES
TTou Ta guTTodi(ouV va uBPIdIOTOUV HE TOV OTOXO.
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Array Spotting
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spotting pin quality decline
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Inkjet printing - Agilent

Figure 1. These four images communicate the general mechanism for oligo synthesis via inkjet printing. A: the first layer of nucleotides is deposited on the
activated microarray surface. B: growth of the oligos is shown after multiple layers of nucleotides have been precisely printed. C: close-up of one oligo as a
new base is being added to the chain, which is shown in figure D.



dwToAIBoypapia - Affymetrix

Youtube:
http://www.youtube.com/watch?v=ui4BOtwJE Xs&feature=related

Affymetrix:

http://media.affymetrix.com:80/about_affymetrix/outreach/lesson_plan/
downloads/student_manual_activities/activity3/
activity3 _manufacturing_background.pdf



DwToAIBoypapia

Photolithographic Synthesis

Feature

Fig. 1 - The mask only allows light to pass to
specific features on the chip



DwToAIBoypapia
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Fig. 4 - The addition of the linker molecule

Fig. 3 - Silanation - each "Si” is a starting point



dwToAIBoypapia

UV Light

Photo Mask
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Fig. 5 - Deprotection of Feature #3 and 4 Fig.6 - Addition of Adenine (A) Nucleotides



dwToAIBoypapia

Wafer

Feature 23 Feature 34

Feature 82

|

Fig. 8 - Addition of the 2" nucleotide (C)
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Fig.7 - 2nd mask (deprotecting Feature 1 and 4)



DwToAIBoypapia
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Feature

5”

T R
B s Millions of identical

Gmp probes/feature

1.28cm

Up to ~1,400,000
features/chip

1.28cm

Fig. 17 - Dimension of a GeneChip: Wafer to Chip to a Single Feature
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Agilent platform

. Q)OOpvog UBp|6|O-IJ0l’J ® Laser Scanner




Affymetrix Arrays/strips/plates




Affymetrix platform




Affymetrix platforms

VS!

GeneAtlas™ System & array strips

GeneTitan® System & array plates



‘EAeyxoc NoooTtnracg/IoidtnTag
oAlkoUu RNA

« Nanodrop (PWTOUETPO TTOU XPNOILOTTOIEI
eAGx10TO OYKO deiypaToc - 1A) yia akpiIPnig

TTOCOCTIKOTIOINON. oy
— A260 nm -> voukAeoTidia, RNA, ssDNA, .C\
s |
dsDNA /\ P U
— A280 nm -> TTpwTEIVEC, PAIVOAEC K.Q. ;‘gig
— A230 nm -> EDTA, @aivOAeg, udaTAVOPAKEG. -

— A260/A280 nm ~ 1.8 - 2.1
— 260/230 nm~2-2.2



‘EAeyxoc NoooTtnracg/IoidtnTac

oAlkoUu RNA

« Agilent 2100 Bioanalyzer yia éAeyxo 1To16TnTag Tou RNA (TU) 6V
arrodopion). (~€20.000)

* HAeKTPOPOPNON OE TPIXOEION
— N\oyog 285/18S rRNA 2:1
— RNA integrity number (RIN)

Figure 1.2 Example Agilent Bioanalyzer Electropherograms from three different total RNAs of varying
integrity. Panel [A] represents a highly intact total RNA (RIN = 9.2), panel [B] represents a moderately
intact total RNA (RIN = 6.2), and panel [C] represents a degraded total RNA sample (RIN = 3.2).

[FU]

. A

300
200
100
0
25 200 5

00 500 1000

2000

RIN=9.2

[nt]

[FU]

200 500 1000 2000 4000

[FU]
rRN=62  C RIN =3.2

[nt] 25 200 500 1000 2000 2000 [nt]

NOTE: Total RNAs with lower RIN values may require increased input
amounts to generate enough aRNA for hybridization to an array.



‘EAeyxoc NoooTtnracg/IoidtnTag
oAlkoUu RNA

Fast and easy operation Automation Digital data in 30 minutes
Add sample Start chip run Watch real-time data display

* Ready-to-use reagent kits « Start analysis at the press of a button » Automated data analysis
* Quick-start instructions * Predefined protocols » Digital data can be filed in a database
« Chip preparation in less than 5 minutes + System uses internal standards to or shared

o Minimal use of hazardous chemicals and calculate results » No user-dependent data interpretation

waste disposal

+ Sample volumes in the plL-range




Y[BpPIOIOHOC

OAa 1a probes uBpidiovrtal otnyv idla Bepuokpaacia.

Opwcg, 6Aa Ta probes dev £xouv TnyV idla BEATIOTN Bepuokpaacia
uBp1diouoU.

Apa, uttapyouv TTpoAAuaTa yia TTIHEPOUC probes

Figure 4.10 Opening the clamps on the GeneAtlas™ Hybridization Station

1-Push Down _

2 - Lift Lever I |
[ ith

®oupvoc uBpidiouou Tou Affymetrix GeneAtlas



Y[BpPIOIOHOC

Sample RNA fragments (purple) After staining, RNA (purple UAGUAC) bound
washed over DNA probe array (green) to the DNA probe built on the array will fluoresce




Laser scanning

Agilent autofocus

Single Point Focus Agilent Dynamic Autofccus
QOut of focus, resulting in questionable data. Always in focus, for results you can trust,
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METpnon onuaTtog oTa spots

S5um Pixel grid

5um Scanning laser beam

100um diameter microarray spot

(a)

Figure 1.12: The pixels comprising a feature. (a) A false-colour image of the pixels from a single scan
of a 100-um microarray feature. The size of the laser spot is 5 um. The pixel size has been set to 5 um
so that each pixel represents the area from the size of the laser spot. (b) and (c¢) See pp. 9 and 10.
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(b)

(c)
Figure 1.13: Output of scanners. (a) This is the scanner output for a part of a microarray — in this case
one of twelve 16 x 16 blocks of features. This is the monochrome image of the Cy3 (green) channel.
(b) The scanner output for the same part of the array but using the Cy5 (red) channel. (c) It is usual to
combine the two monochrome images into a composite false-colour image of the array. Green features
correspond to features that are expressed more in the sample labelled with Cy3 than the sample labelled
with Cy5, and so will be bright in (a) and dark in (b). Similarly, red spots will be bright in (b) and dark in
(a). Yellow features have a similar level of expression in both samples. Dark features are low expressed

in both samples.



[ToioTnTO TWV Spots

(b)

Figure 1.7: Array quality. (a) On Affymetrix arrays the features are rectangular regions. The masks
refract light, so there is leakage of signal from one feature to the next. The Affymetrix image-processing
software compensates for this by using only the interior portions of the features. (b) Spotted arrays
produce spots of variable size and quality. This image shows some of this variation; we cover image
processing of spotted arrays in detail in Chapter 4. (c) Inkjet arrays tend to be of the highest quality,
with regular, even spots.



Microarray Quality control

Control, normal microarray

Microarray with wash artifacts

Microarray with degraded total RNA

http://www.chem.agilent.com/Library/applications/5989-3056EN-72.pdf



AvaAuon tTpofAnuaTIKwyV Spots

IIIMW.. .
(c) (d) (e)

Figure 4.3: (a) Fixed circle segmentation. A circle of the same size is placed on every feature on the
array and the pixels inside the circle are used to determine the intensity of the feature. This is not a good
method because the circle will be too large for some features and too small for others. (b) Variable circle
segmentation. A circle of different size is applied to each feature and the pixels inside the circle are used
to determine the intensity of the feature. This performs better on different size features but does not
perform so well on features with irregular shapes, for example, the irregular red feature that is marked
with an arrow. (c) Zoom in on the red channel of the irregularly shaped feature marked with the arrow in
(b). Note the black region where there is no hybridisation, probably because there is no probe attached
to the glass in that area. (d) Histogram method applied to that feature. The red pixels are the ones that
have been used to calculate the feature signal; the green pixels have been used to calculate the feature
background. The black pixels are unused. The area corresponding to the black region in (c) is not used
for calculating the feature intensity. The brightest features have also been excluded. The red-to-green
ratio of this feature calculated by fixed circle segmentation is 1.8, variable circle segmentation is 1.9,
and histogram segmentation is 2.6; so the measured differential gene expression between the samples
is different with the different algorithms. Because of the irregular shape of the feature, the histogram
method probably gives the most realistic measurement. (e) Histogram of the intensities of the pixels
in the irregularly shaped feature. The red bars represent pixels used for the signal intensity; the green
bars represent pixels used for the background intensity; the black bars are unused pixels. The brightest
and darkest pixels are not used, thus giving a better measurement of hybridisation intensity.



YTToAoyIopOC & a@aipean
Bopuf3ou utTo3GBpouU

IMAGE PROCESSING

(b) (c)

Figure 4.4: Background regions used by different software. Different software packages use different
pixel regions surrounding the feature to determine the background intensity. (a) ScanAlyze: the region
is adjacent to the feature. This will be inaccurate if the feature is larger than the fixed size of the circle
used for segmentation. (b) ImaGene: there is a space between the feature and the background. This is
a better method than (a). (c) Spot and GenePix: the background region is in between the features. This
is also a good method.



[TapayovTec TTou eTTnpedlouV 1A
microarrays

* [lepiBaAlovTikoi
— OdClov
— Yypaoia
— YT1epiwdng akTivoBoAia
— 2TATIKOG NAEKTPIOUOS
— MOoAuvon Tn¢ atudo@alpas (OCEIDWTIKOI TTAPAYOVTEG).
— 2KOvn (MTTOPEi Va €TTNPEAOCEl TIC HETPAOEIC TOU Laser)
— [loudpa atd Ta yavria.

« Evdoyeveig
— [1p6BANUa o€ KATTOIO BANA TWV XNMIKWY AVTIOPACEWV.
— O 100G TOU 10TOU.

* Dye swap yia va attokAgiooupde TTapAyoVTEG TTOU TTIBAVWY ETTNPEACAV
TO TrEipapa



Microarrays & Ozone

H xpwoTik Cy5(red) eival ouvABw¢ 1110 a0TABC 0€ OXEON ME TN
xpwoTikr Cy3(green).

To 6lov utropei va TTpoKaAEoel TTEpIoaOTEPN aoTABeIa TS CybS.

2.€ €va Treipapa Tou 10 control xpwpatiotnke pe Cy5 kal 1o dgiyua pe
Cy3, av uttoB€ooupe OTI TOo 6oV TTPOKAAECE TNV aTTOOOUIoN Tou Cy),
TOTE TTEPIMEVOUNE va douue (atrd AaBog) Ta yovidia Tou dEiyuaTog va:
— A) uttepekppdalovTal og oxéon pe 1o control?
— B) utroekppalovTal o€ oxéon pe 10 control?



Microarrays & ozone

Anal Chem. 2003 Sep 1;75(17):4672-5.
Effects of atmospheric ozone on microarray data quality.

Fare TL, Coffey EM, Dai H, He YD, Kessler DA, Kilian KA, Koch JE, LeProust E, Marton MJ, Mever MR, Stoughton RB, Tokiwa
GY,Wang Y.
Rosetta Inpharmatics LLC, 12040 115th Avenue NE, Kirkland, Washington 88034, USA.

Abstract

A data anomaly was observed that affected the uniformity and reproducibility of fluorescent signal across DNA microarrays.
Results from experimental sets designed to identify potential causes (from microarray production to array scanning) indicated
that the anomaly was linked to a batch process; further work allowed us to localize the effect to the posthybridization array
stringency washes. Ozone levels were monitored and highly correlated with the batch effect. Controlled exposures of
microarrays to ozone confirmed this factor as the root cause, and we present data that show susceptibility of a class of cyanine
dyes (e.g., Cy5, Alexa 647) to ozone levels as low as 5-10 ppb for periods as short as 10-30 s. Other cyanine dyes (e.g., Cy3,
Alexa 555) were not significantly affected until higher ozone levels (> 100 ppb). To address this environmental effect, laboratory
ozone levels should be kept below 2 ppb (e.g., with filters in HVAC) to achieve high quality microarray data.

PMID: 14632079 [PubMed - indexed for MEDLINE]



Microarrays & ozone

From: BMC Biotechnol. 2007; 7: 8. Permissions
Published online 2007 February 12. doi: 10.1188/1472-6750-7-8.
Copyright/License

Carbon-filtered
environment

Interval
(minutes)

Uncontrolled
ozone
environment

Figure 2

Reduction of Cy5 signal for in-house fabricated microarrays kept in a none-ozone controlled environment. These figures show a region of two 20 K mouse
microarrays, selected because of their wide range of both Cy5 and Cy3 signals. The microarray images were from scans made during a 114 minute
experiment interval. While the microarrays maintained in the carbon-filtered laboratory environment (ozone ~2-4 ppb) remained relatively unchanged with
time (top images), reduction in Cy5 in the uncontrolled ozone environment (ozone ~25 ppb) causes the microarray image to have a predominantly green
cast (bottom images).



AvaAuan 0eOOUEVWYV



MeTaTpOTIN EVTAONG ONUATOG O€ l0og,

SECTION 5.2 DATA CLEANING AND TRANSFORMATION
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(a) Cy3 Raw Intensity

Figure 5.1: Plots of Cy3 vs. Cy5 for data set 5A. Human foreskin fibroblasts have been infected
with Toxoplasma gondii for a period of 1 hour. A sample has been prepared, labelled with Cy5
(red), and hybridised to a microarray with approximately 23,000 features. The Cy3 (green) channel
is a sample prepared from uninfected fibroblasts. Because the infectious period is short, most genes
in this experiment are not differentially expressed. (a) Scatterplot of the (background-subtracted)
raw intensities; each point on the graph represents a feature on the array, with the x coordi-
nate representing the Cy3 intensity, and the y coordinate representing the Cy5 intensity. The graph
shows two weaknesses of the raw data that would have a negative impact on further data analysis:

1. Most of the data is bunched in the bottom-left-hand corner, with very little data in the majority

of the plot.
2. The variability of the data increases with intensity, so that it is very small when the intensity is

small and very large when the intensity is large.



MeTaTpOTIN EVTAONG ONUATOG O€ l0og,
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(b) Cy3 Log Intensity

Figure 5.1: (continued)

(b) Scatterplot of the log (to base 2] intensities. This plot is better than (a). The data is spread evenly
across the intensity range, and the variability of the data is the same at most intensities. The genes with
log intensity less than 5 have slightly higher variability, but these genes are very low expressed and are
below the detection level of microarray technology.

The straight line is a linear regression through the data. The linear regression is not perfect (the data
appears to bend upwards away from the line at high intensities), but is approximately right. The inter
ceptis 1.4, and the gradient is 0.88. If the two channels were behaving identically, the intercept would
be O and the gradient would be 1. We conclude that the two Cy dyes behave differently at different
intensities; this could result from differential dye incorporation or different responses of the dyes to the
lasers.




MeTaTpOTIN €vTaong anuaTog o€ log,

w
8
%3
e 7
k]
- O
e O
o O
5 _’—’_H—v\
3
= o
[ T T I 1
0 5000 10000 15000 20000
(a) Cy3 Raw Intensity
172
o
2 o
88
w o
3 o
38 — e mg v g e anny
E N Figure 5.2: Histograms of the raw and log Cy3 and Cy5 intensities. Histograms of the intensities
z 4 —_— of the features for the human fibroblast data. (a) The raw intensities for the Cy3 channel; the data is
I | T T 1 . . PO . . . .
0 5000 10000 15000 20000 rnght—skgwed, }vlth tpe majority of fgature.s‘ having low intensity and decreasmg numbers of features
o) CvS Raw Intenal having higher intensity. (b) The raw intensities for the Cy5 channel; the pattern is the same as (a). (c)
y> Raw Intensity The log intensities for the Cy3 channel; the intensities are closer to a bell-shaped normal curve (shown
@ as a dashed line). There is still a slight right skew, but the logged data is better for data analysis than
g § the raw data. (d) The log intensities for the Cy5 channel, along with a normal curve (dashed line). As
E o~ with (c), the intensities are approximately normal, with a slight right skew.
5 o5
g8
8 =
>
Z o 1 1 =
[ 1 | 1
0 5 10 15
(c) Cy3 Log (Base 2) Intensity
28
$8
8
w
8
2o
g <
= o
z [ T I 1
0 5 10 15
(d) Cy5 Log (Base 2) Intensity



KavoviKoTroinaon 0E00UEVWV

H kavovikotoinon mpooraBei va eAaxlotoronoe/eEaleiPel Tov
MELPAMATIKO OUCTNUATLKO BOpuBo/dlaklpavon, WoTe va
AToKAaAUpOoUV oL dladopEC TIOU €XoUV BLOAOYLKN Baon.

H kavovikotoinon autoU Tou £(doug deV TIPETIEL VA OUYXEETAL e
TNV KAVOVIKOTIOINON OTIC KAVOVIKEC KATAVOUEG.



[Inyec Melpapatikwy
OUOTNMATIKOV AaBwV

Alakupdvoelc HeTAEU TEIPANATIKDOV ETIAVAANYEWYV
— Slides
— 2uveOnkeg uBptdtouou
— Scanning
— AlapopeTikoi AvBpwrol propei va douleuouv e dladopeTika slides

XPWOTIKEC
— To ¢wc Kat n (€otn Uropel va etmpedcouv e dlapopeTIKO TPOTIO TNV
ATIOTEAECUATIKOTNTA EVOWHATWONG NG KABE XPWOTIKNC.

— AlapopESG OTNV CUVOALKN TIOCOTNTA eTUoNacuEvou cDNA peta&u tTwv
OU0 KAVAALWV/XPWOTIKMV.
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Log Mean Signal

KavovikoTroinon KAIJOKoGg
Scale normalization
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2.U0TNUATIKO AOBOC OTnNV Xpwaon

2T0 TTAPAdEIYUA, N TTPACIVN XPWOTIKN OV OOUAEUEI CWOTA YIA
MEYAAEG TIMEG EVTAONG

Slide 1 Log Signal Means M vs. A Plot of the Logged,
after Median Centering and Centered, and Scaled Slide
Scaling All Channels 1 Data
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lowess.slide.1$norm.red

KavovikoTtroinon Je Lowess

Lowess yia KavovIKOTToinon cuoTnuaTikwy AaBwv TTou oXeTidovTal JE TNV
EVTAON TNG XPWOTIKNG

LOcally WEighted polynomial regreSSion.

(2002. Nucleic Acids Research, 30, 4 €15)

lowess.slide.1$norm.red - lowess.slide.1$norm.green

I | I T T T T I I I T I
6.0 6.5 7.0 7.5 8.0 8.5 6.0 6.5 7.0 7.5 8.0 8.5

lowess.slide.1$norm.green 0.5 * lowess.slide.1$norm.red + 0.5 * lowess.slide.1$norm.green



Gene expression normalization
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Transcriptional amplification
Normalization and Interpretation of Expression Data.

Cell , Volume 151, Issue 3, Pages 476-482

Revisiting Global Gene Expression Analysis




KataBeon Twv 0eOOUEVWYV

MIAME (minimum information about a microarray experiment)
(avaTrTuxOnke oto EBI).

— [Anpo@opiec OXETIKA PE TO TTWG EYIVE TO TTEipaApa, TI TTAATQOPUQ/
OUVONKEC XpnoIUoTToINOnKayv.

[MTOAAG TTEPIODIKA ATTAITOUV TTPIV TV dNUOCIEUCN va £€X0OUV KATATEDEI TO
TTEIPAUATIKA dedopéva o€ pia B.A. pe eAetBepn TTpdoaon.
Baoeig dedopEvwv

— ArrayExpress (EBI)

— Gene expression omnibus (GEO) (USA)

— Center for information biology gene expression database (CIBEX)
(latTwvia)



mRNA abundance ratios versus protein-abundance ratios.

mRNA versus protein abundance ratios, Gal/Eth
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OvTtoAoyiec

www.geneontology.orq

EAeyXOMEVO AECIAGYIO VIO TNV TTEPIYPAPN TWV IDIOTATWYV TWV
YOVIQIWV KAl TWV TTPWTEIVWV.

[lepiypagouv:.
— Moplakég AsiToupyieg Tou Biopopiou (1 A TTEPICOOTEPEG).
— BioAoyikéc dladikaaoieC OTIC OTToieC EUTTAEKETAI TO Biopoplo (1
N TTEPICCOTEPEG).
— KutTtapiké diapépioua 1o OTT0i0 ouvavTaral 1o Biouoplo (1 1
TTEPICOOTEPQ).



Gene ontology

REVIEWS

‘Use and misuse of the gene ontology
annotations

Seung Yon Rhee*, Valerie Wood*, Kara Dolinski® and Sorin Draghici'

Abstract | The Gene Ontology (GO) project is a collaboration among model organism
databases to describe gene products from all organisms using a consistent and computable
language. GO produces sets of explicitly defined, structured vocabularies that describe
biological processes, molecular functions and cellular components of gene products in both
a computer- and human-readable manner. Here we describe key aspects of GO, which, when
overlooked, can cause erroneous results, and address how these pitfalls can be avoided.




OvTtoAoyiec: H doun Touc

AgixVvel TIC OXEOEIC NETACU
TWV OIAPOPETIKWV OPWV.

"Evag 6pog PTTopEi va
QTTOTEAEI TTIO
eCEIDIKEUMEVN TTEPIYPAPN
EVOC AAAOU Opou.

Eival kateuBuvoueva
OKUKAIKG ypa@rjuara
(DAG).

[Mapouola e IEpapXicC.

H diagopa cival oTi €vag
KOMBOG-aTTOyovog UTTOPEI
Va EXEI TTEPIOOOTEPOUG
aTro £vav TTPOYOVOUG.

a Simple hierarchy b Directed acyclic ¢ Graph
graph = DAG
(%) (#) (#)
<\ o/ \o O)Z.Z \o
YN AN ¥\ YN vy A\
000 000 000 00O 0 O 000
J AN AN J AN\ /2( N\ J A AV
o 00 000 o 900 0900 o 900 000
VLIRS \?\o AR / y &
0 o0 ? () o ©00 ? o ©0
FNY Y NPV FAY VY WY poay ¥
0/ Z\O O/Z\O O/ 2\0 /O\O O/ C?) Q /z\‘o
LI /NN NN LN\ LI YN\
000 Qo 0 (#] Q0 Q0 (&) 000 0 0 (&)
% AV AN A AR A}
00 000 o0 o0 00 Q00
—» Rule: is instance of —» Rule: signals to <> Rule: is next to
Directed rule: Directed rule: Undirected rule:
1 parent >1 parent parents are equivalent
to children
Nature Reviews | Genetics
leologlal_process
?physlologlcal process

/ ,Q.metabollsm

wa

gpﬁ mary metabolism

w protein metabolism

/

/'/

:

i \
biosynthesis e

d
/
/
N/

protein biosynthesis



OvTtoAoyiec: H dopr Toug

*  Oewpoupe OTI av o€ £va BIOPOPIO AVTIOTOIXEI Eva OpOoG-ovToAoyia, TOTE
o€ auTd TO BIOUOPIO avriikouv Kal OAol oI TTPOYOoVOl TOU OPOU-OVTOAOYiaC.
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specificity
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< Biological
process (root)

’ .
A )
1

’
U
4 A
Transport Membrane organization
and biogenesis

Vesicle-mediated
transport

part_of \ / is_a

Vesicle fusion

Membrane fusion

Figure 1| Simple trees versus directed acyclic graphs. Boxes represent nodes and arrows represent edges. a |An
example of asimple tree, inwhich each child has only one parent and the edges are directed, that is, there is a source
(parent) and a destination (child) for each edge. b | A directed acyclic graph (DAG), in which each child can have one or
more parents. The node with multiple parents is coloured red and the additional edge is coloured grey. ¢ | An example of
anode,vesicle fusion, in the biological process ontology with multiple parentage. The dashed edges indicate that there
are other nodes not shown between the nodes and the root node (biological process). A root is a node with no incoming
edges, and at least one leaf (also called a sink). A leaf node is a node with no outgoing edges, that is, a terminal node with
no children (vesicle fusion). Similar to a simple tree, A DAG has directed edges and does not have cycles, that is, no path
starts and ends at the same node, and will always have at least one root node. The depth of anode is the length of the
longest path from the root to that node, whereas the height is the length of the longest path from that node to a leaf*'.
is_a and part_of are types of relationships that link the terms in the GO ontology. More information about the
relationships between GO terms are found online (An Introduction to the Gene Ontology).




Gene ontology

Table 1 | Evidence codes used by GO

Evidence Evidence code description Source of evidence Manually Current number
code checked of annotations*
IDA Inferred from direct assay Experimental Yes 71,050
IEP Inferred from expression pattern Experimental Yes 4,508
IGI Inferred from genetic interaction Experimental Yes 8,311
IMP Inferred from mutant phenotype Experimental Yes 61,549
IPI Inferred from physical interaction Experimental Yes 17,043
ISS Inferred from sequence or structural similarity = Computational Yes 196,643
RCA Inferred from reviewed computational analysis Computational Yes 103,792
IGC Inferred from genomic context Computational Yes 4
IEA Inferred from electronic annotation Computational No 15,687,382
IC Inferred by curator Indirectly derived from experimental or computational  Yes 5,167
evidence made by a curator
TAS Traceable author statement Indirectly derived from experimental or computational Yes 44564
evidence made by the author of the published article
NAS Non-traceable author statement No ‘source of evidence’ statement given Yes 25,656
ND No biological data available No information available Yes 132,192
NR Notrecorded Unknown Yes 1,185

*QOctober 2007 release

510 | JULY 2008 | VOLUME 9 www.nature.com/reviews/genetics



Gene ontology

Table 2 | Distribution of gene ontology (GO) annotations for species with more than 5,000 annotations

Species (NCBI taxon ID) Genes* with
experimental
annotations*

Schizosaccharomyces pombe (4896) 4,482
Saccharomyces cerevisiae (4932) 4,047
Mouse (10090) 10,621
Caenorhabditis elegans (6239) 4,614
Human' (9606) 4,780
Arabidopsis thaliana® (3702) 5,530
Rat(10116) 3,566
Fruitfly (7227)** 2,790
Candida albicans (5476) 806
Pseudomonas aeruginosa PAO1 (208964) 491
Slime mold (44689) 797
Trypanosoma brucei (5691) 449
Zebrafish (7955) 1,235
Plasmodium falciparum (5833) 188
Rice (39947) 654
Chicken'(9031) 75
Cow'(9913) 96

Total
annotated
genes*

4,930
5,794
18,386
14,154
17,021
26,637
17,243
9,563
3,756
2,506
6,892
3,914
13,574
3,243
29,877
6,063
8,536

Percentage of
genes* with at least
one experimental
annotation

90.9%
85.4%
57.8%
32.6%
28.1%
20.8%
20.7%
29.2%
21.4%
19.6%
11.6%
11.5%
5.8%

5.8%

2.2%

1.2%

1.1%

Total genes*

4,930
5,794
27,289
20,163
20,887
27,029
17,993
14,141
6,166
5,568
13,625
9,154
21,322
5,420
41,908
16,737
21,756

Percentage
annotated®

100%
100%
67.4%
70.2%
81.5%
98.5%
95.8%
67.6%
60.9%
45.0%
50.6%
42.8%
63.7%
59.8%
71.3%
36.2%
39.2%

Percentage
known in
genome!

90.9%
85.4%
38.9%
22.9%
22.9%
20.5%
19.8%
19.7%
13.0%
8.82%
5.9%

4.92%
3.7%

3.47%
1.57%
0.4%

0.4%

*Total genes in genomes include only those that encode proteins. These numbers were obtained from the databases that contribute annotations to GO and are listed on
the GO annotations download page (http://www.geneontology.org/GO.current.annotations.shtml). *Experimental annotations include those only with the following

evidence codes: IDA (inferred from direct assay), IEP (inferred from expression pattern), |Gl (inferred from genetic interaction), IMP (inferred from mutant phenotype) and
IPI (inferred from physical interaction). *Percentage annotated is determined by dividing the number of genes annotated by total genes. |Percentage known in genome is
determined by multiplying the percentage of experimentally derived annotations by the percentage of the genome annotated. This is an approximation of the extent of
knowledge about the portion of the genome that encodes proteins in an organism with a complete genome sequence that is captured by annotation.YNumbers are from
the GO annotation project at the European Bioinformatics Institute, human data last updated 14 September 2007, cow data last updated 17 January 2007, chicken data
last updated 10 July 2007. *Numbers are from The Arabidopsis Information Resource (TAIR), last updated 14 December 2007. **Numbers are based on release 5.4 of the
Drosophila melanogaster genome and GO annotations from FlyBase release FB2007_03 (dated 11 January 2007). NCBI, National Center for Biotechnology Information.
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Figure 2 | Using gene ontology (GO) to bin the yeast genome into broad biological process categories. This
example was generated by downloading the go_slim_mapping.tab file from the Saccharomyces genome database ftp
site (dated 19 January 2008). This file maps every gene in the yeast genome to the yeast GO slim ontology available from
the GO website. The number of genes (6,200 in total, including RNAs but excluding ‘dubious’ genes) annotated to a
particular term in the yeast GO slim ontology is indicated on the graph. Dubious genes are those that were originally
predicted to exist, on the basis of ORF length, but that are now thought to be unlikely to encode an expressed protein,
on the basis of functional and comparative genomics data. The ‘other’ term is used when genes are annotated to terms
other than those included in the GO slim ontology, and the ‘biological process’ term, the root node in the biological
process ontology, indicates that genes annotated to it are not yet characterized. Note that because genes can be
binned to more than one category, there are more annotations (13,074) than total genes (6,200) with annotations.



OvToAOYieC: OTATIOTIKN
avaAuaon

* [lapadeiyua:

1 yovidiwua pe 10.000 yovidia.

1.000 yovidia eutTAéKOVTAI OTOV KUTTAPIKO KUKAO (GO _term: cell-cycle).
(10% TOU YOVIOIWHATOG).

Av emIAECoUE Tuxaia Evav aplBuo X yovidiwy, Ba trepiyévape (atrd Tuxn)
TePITTOU TO 10% (ME KATTOIEC DIAKUPAVOEIC) VO £€XOUV TOV OPO0 “KUTTAPIKOG
KUKAOG”.

H tuxaia diakupavon e€aptdaral atrd Tov aplBud Twy yovidiwv.

‘EoTw OTI ye Ta microarrays o€ éva Treipapa BpAkape 611 X aplBudg yovidiwy
UTTEPEKPPAlOVTAIL.

2.€ QUTO ToVv X apiBuo, Bpnkaue ot 20% TwV yovidiwv avKouv oTov
KUTTOPIKO KUKAO.

AuTtA n ammékAion (20% trapartnpouuevo - 10% avauevouevo) gival ota opia
TWV TUXAiwV OIOKUPAVOEWY, ) €ival OTATIOTIKA ONPAVTIKA?

e 2ZTATIOTIKA ONPAVTIKI, ONPAivel OTI TA UTTEPEKPPACHEVA Yyovidla gival
EUTTAOUTIOMEVA YIA TNV KATNYOPIa “KUTTAPIKOG KUKAOG ”. AnAadr, 0 KUTTAPIKOG
KUKAOG EUTTAEKETAI OTNV OIADIKACIA TTOU PEAETAE.



OvToAoViec:
OTOTIOTIKN avaAuon

H oTtatioTiki avaAuon YivETAl UE TO UTTEPYEWMETPIKO TEOT.
Maipvoupe éva p-value.
Av p-value < 0.05, 161€ €ival OTATIOTIKA CNUAVTIKO.

Av oTIG ovToAoyieg pag gixaue 100 époug, Ba eTavaAapBavaue Ta
TTAPATTAVW TEOTG YIa TOV KABE OpoO.
Ouwg, 600 TTEPICOOTEPA TEOT KAVOUE YIA TO TTEIpAUA hMag, TOOO
aucavel N mMolavoTnTa va BPoupe KATI OTATIOTIKA OnUavTIKO (p-value <
0.05) kaBapda atrdé AGbog.
Apa, TTpETTel va AGBouE uTTOYnV JOg TTO0A TEOT DIEVEPYOUUE Kal va
dlopBwooupe Ta p-values (multiple testing correction).

— False discovery rate (Benjamini-Hochberger)

— Bonferroni correction



Moplaka povoTtraTia Kal
TTPWTEIVIKEC AAANAETTIOPACEIC
o  O1 TpwTEivEC AAANAETTIOPOUV PETACU TOUC KAl dNUIOUPYOUV
OUMTTAOKO
— [pdokaipa (17.X. MeTaywyr} OANATOS/KIVAOEC)
— 2T00epd

Ta guuTtrAoKa PTTOPEi va gival dIPEPN 1 TTOAUMEPN.

O1 TTPWTEIVIKESC AAANAETTIOPACEIC £€EAicOVTAI, HEOW TWV YOVIOIAKWYV
OITTAACIACPWY KAl TWV METAAAAGEWY OTIG ETTIPAVEIEG AAANAETTIOpAONG.

O1 TTpwTEivES dNUIoUPYOUV diKTUA TTPWTEIVIKWV aAANAETTIOpACEWY, OTTOU Ol
KOMBOI oupBoAiCouv TIC TTPWTEIVES KAl OI OUVOEDEIC TIC AAANAETTIOPAOCEIC.



ECEAICN TWV TTPWTEIVIKWYV
OAANAETTIOPAOEWV

l Aindaoiaopds

(i) (ii) (iii)
Y
Eixova 1: O1 1peis nio mBavés eCeAKTIKES MOPEIES evos ZeUyous SinAamaouévey yovidicwv: I} Of AETOUDYIES
rou npoyovikou yovidiou poipdzovial ueraéu rou zedyous, i) 1o éva and ra 8uo yovidia diarnpel nis A&i-
TOUDVYIES TOU NPOYOVIKOU yovidiou, eved 10 SeUTEpO apriveral eAsUBEpo va avaniubel KAnoies vEes AsiToup-

VIES, iii} éva and 1a yovidia Siarmpéi Tis AEITOUDYIES TOU NPOYOVIKOU yovidiou, Eva 10 dAAO CUOOWPEUE Eni-
BAaBeis perarralers kar redixd xaverar.



Cytoscape

* EpyaAcio yia TNV ATTEIKOVION JOPIOKWY

MOVOTTATIWYV Kal TIPWTEIVIKWYV
OAANAETTIOPATEWV.
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2UYKAION OTO MOPIOKO ETTITTESO
AikTua TTPWTEIVIKWV AAANAETIOpACEWY
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2UYKAION OTO MOPIOKO ETTITTESO
AikTud TTPWTEIVIKWV AAANAETIOPACEWY

The bHLH heterodimerization network
a) Cladogram of human bHLH domain
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2UYKAION OTO MOPIOKO ETTITTESO
AikTud TTPWTEIVIKWV AAANAETIOPACEWY

a) Evolution of a heterodimerization network by single gene duplication

v A4 A4 A/
»\‘_‘:o g S :
Q (+] (+] (+]

[+ On On

On

8

<t

87 87
g 8=

b) Evolution of a heterodimerization network by large-scale gene duplication
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In vitro
OIOYVWOTIKA TEOT
TTou BaaoifovTal o€
MIKPOOUGOTOIXIEC



FDA: In Vitro Diagnostic Multivariate
Index Assays (IVDMIAS)

FDA'’s In Vitro Diagnostic Product Database
http://www.accessdata.fda.qgov/scripts/cdrh/cfdocs/cfivd/index.cfm

http://www.ivdtechnology.com/article/exploring-fda-approved-ivdmias

Some IVDMIAs are laboratory-developed tests (LDTs). LDTs are tests that are
developed by a single clinical laboratory for use only in that laboratory.

http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/
GuidanceDocuments/ucm079148.htm

IVDMIAs raise significant issues of safety and effectiveness. These types of tests are
developed based on observed correlations between multivariate data and clinical
outcome, such that the clinical validity of the claims is not transparent to patients,
laboratorians, and clinicians who order these tests. Additionally, IVDMIAs frequently
have a high risk intended use. FDA is concerned that patients are relying upon
IVDMIAs with high risk intended uses to make critical healthcare decisions when FDA
has not ensured that the [VDMIA has been clinically validated and the healthcare
practitioners are unable to clinically validate the test themselves. Therefore, there is a
need for FDA to regulate these devices to ensure that the IVDMIA is safe and
effective for its intended use.



Mammaprint - Tissue of origin

http://www.ivdtechnology.com/article/exploring-fda-approved-ivdmias

MammaPrint.

The first IVDMIA, the MammaPrint system, made by Agendia Inc., is a
qualitative IVD test service performed in a single lab outside the United States
using a 70-gene expression profile of fresh frozen breast cancer tissue samples
to assess a breast cancer patient1s risk for distant metastasis. FDA approved
MammaPrint in February 2007 under de novo classification procedures.

Tissue of Origin Test

In July 2008, the Tissue of Origin Test, made by Pathwork Diagnostics, was
cleared. This microarray RNA profiling test is to be used on clinical, formalin-
fixed, paraffin-embedded (FFPE) biopsy tissue to aid in the classification of the
origin of the tumor tissue. In June 2010 a second clearance introduced a
different specimen and specimen-preparation method, and the algorithm for
analysis of the expression data to create a diagnostics report and interpretation.
The test uses microarray technology by Affymetrix Inc. and advanced analytics
to measure the gene-expression patterns of challenging tumors, including
metastatic, poorly differentiated, and undifferentiated cancer. It is intended to
measure the degree of similarity between the RNA expression patterns in a
patient’ s tumor tissue with the RNA expression patterns in a database of fifteen
known tumor types.



Kapkivol ayvwaoTou
TTPOEAEUCEWC

e 2& KATTOIEC TTEPITITWOEIC EJPAVIONC/ETTAVEUPAVIONC KAPKiVOU
givalr dyvwaoTn n TpwTtapxikn TNy (1I0T6¢), akOUa Kal JETA aTTo
hIa o€1Ipd dIayVWOTIKWY TEOT/Bloyia.

* AUTO dev ETITPETTEI va XPNOIUOTTOINBEi Eva KAaTtGAANAo
BepaTtreuTikO OXAMA.

* O1 HIKPOOUOTOIXIEC ETITPETTOUV VA dNUIoOUPYNOEi TO TTPOPIA

YOVIOIAKI G £KPPACNG TOU OUYKEKPIPEVOU KAPKIVOU Kal va
OUYKPIOEI JE TO TTPOYIA KAPKIVWV YVWOTAG TTPOEAEUONG.



Kapkivol ayvwaoTou
TTPOEAEUCEWC

Anuioupyeital pia Baon armo dedoucva
LMETAYPAPWHIKAC (OTTO AAAEC BAoEIC OEOONEVWYV KAl
BiBAIoypapia).

Ta d0edouEvVa Eival ATTO YVWOTOUG KAPKIVOUG,
KAVOVIKOUG 10TOUG, Kal aTTO AAAEC QOOEVEIEC.

Ta dedopEva QIATPAPOVTAl, KOVOVIKOTTOIOUVTAl.
2.TN OUVEXEID YivETAl OUYKPION.



Kapkivol ayvwaoTou
TTPOEAEUCEWC

http://genomemedicine.com/content/3/9/63/abstract

Classification of unknown primary tumors with a data-driven method
based on a large microarray reference database

Kalle A Ojala, Sami K Kilpinen and Olli P Kallioniemi




IVDMIA - FDA

http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/
2007/ucm108836.htm

The MammaPrint is the first cleared in vitro diagnostic multivariate
index assay (IVDMIA) device.

http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/
2008/ucm116931.htm

FDA Clears Test that Helps Identify Type of Cancer in Tumor
Sample

The Pathwork Tissue of Origin test compares the genetic material of a
patient's tumor with genetic information on malignant tumor types
stored in a database.It uses a microarray technology to analyze
thousands of pieces of genetic material at one time. The test considers
15 common malignant tumor types, including bladder, breast, and
colorectal tumors.




Epappoyec otnv TocIkoAoyia/
TOCIKOYEVWHMIKNA

METpnon TNG YovIBIOKNAG EKPPAoNnG META aTTO €KBEON O€ TOCIKO
TTAPAYOVTA JTTOPEI va OEgitel TOV JopIakd unxavioud dpdong Tou
TTapAayovTa.
MTropei va attoTEAECEI HOVADIKI MOPIOKNA UTTOYPOAPI) TOU OUYKEKPIMEVOU
TOCIKOU TTapAyovTa, yia HEAAOVTIKN avixveuaor] Tou.
— OpadoTroinon ToCIKWY TTapaAyovTWY JE Kolvr) dpdon, JE BAon TNV odoldTATA
TWV JOPIAKWY TTPOPIA TOUG
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Microarray analysis of hepatotoxins in vitro reveals a
correlation between gene expression profiles and
mechanisms of toxicity

Jeffrey F. Waring, Rita Ciurlionis, Robert A. Jolly, Matthew Heindel and Roger G. Ulrich =

Department of Cellular and Molecular Toxicology, Abbott Laboratories, D468 AP13A, 100 Abbott Park Road,
Abbott Park, IL 60064-6104, USA

HtratokUTTOpa apoupaiwyv ekTEBNKav o€ 15 yVWOTEG NTTATO-TOGIVEG.
[a TNV KABe pia, dnuioupyrndnKe TO HOPIOKO TTPOIA YOVIOIOKAG
EKPpaong (Troid yovidla UTTEP/UTTO-EKPPACTNKAV).

Togiveg pe TTapopolo unxavioud dpdacng gixav rapduola (0X1 OUWS
AKPIBWCG id1a) TTPOPIA YOVIDIOKNC £KPPACNS KAl OJAdOTTOIoUVTAV.
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Fig. 2. Graph showing the gene changes occurring in livers from rats treated with the 15 known hepatotoxins. A total of
179 genes were shown to be regulated at least two-fold by at least one compound. Some of these genes are shown to
the right of the figure.
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Fig. 3. Dendrogram showing the clustering of the hepatotoxins based on gene regulation. The
clustering was hierarchical using correlation as the distance (see Section 2).

Hierarchical cluster analysis showed a close association in gene expressional responses between aroclor 1254 and 3-
methylcholanthrene.



ToxCastDB

B.A. lNou £xel atroteAéopaTa
624 TOZIKOAOYIKWYV ECETATEWV
(op1dovTiog dgovag) yia
OIAPOPEC XNMIKEC OUTIEG
(KABeTOC ACovag).
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Micro-RNAS

Mikpd RNAs 10U puBpuifouv (Kupiwg KATaoTEAOUV)
TNV JeTaypa@r Twv MRNAs

— Amodouion Tou mRNA.
— AvaoToAn Tn¢ uetaypapnic tou mRNA.

MéyeBog ~ 22 nt.

~1000 oToVv AvepwTTO.

PuBui¢ouv TToAAMG MRNAS (30%-100%).

‘Eva mi-RNA -> otoxeuel ToAAG mMRNAs.

[MoAAG mi-RNAs -> gtoxeuouv 10 id10 mMRNA (hunting
pack).

‘Exouv £€EIDIKEUEVO TTPOPIA EKQPACNC YIa TOV KABE
1070 (KaI Kapkivo) (ouvrBwc oxeTiovTal Ue
OUYKEKPIMEVEC QVATTTUCIAKES DIODIKATIEG).

MT1TOpOUV va A&ITOUpYRoOUV WG dIAYVWAOTIKOI )
TTPOYVWOTIKOI HOPIAKOI OEIKTEG.
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Toxicology Applications

Circulating microRNAs, potential =
biomarkers for drug-induced liver injury

Kai Wang’l, Shile Zhang, Bruz Marzolf, Pamela Troisch, Amy Brightman,
Zhiyuan Hu, Leroy E. Hood:' and David J. Galas
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Contributed by Leroy E. Hood, January 16, 2009 (received for review December 9, 2008)

Drug-induced liver injury is a frequent side effect of many drugs, constitutes a
significant threat to patient health and has an enormous economic impact on
health care expenditures. Numerous efforts have been made to identify reliable
and predictive markers to detect the early signs of drug-induced injury to the
liver, one of the most vulnerable organs in the body. These studies have,
however, not delivered any more informative candidates than the serum
aminotransferase markers that have been available for =30 years. Using
acetaminophen overdose-induced liver injury in the mouse as a model system,
we have observed highly significant differences in the spectrum and levels of
microRNAs in both liver tissues and in plasma between control and overdosed
animals. Based on our survey of microRNA expression among normal tissues,
some of the microRNAs, like messenger RNAs, display restricted tissue
distributions. A number of elevated circulating microRNAs in plasma collected
from acetaminophen-overdosed animals are highly expressed in the liver. We
have demonstrated that specific microRNA species, such as mir-122 and mir-
192, both are enriched in the liver tissue and exhibit dose- and exposure
duration-dependent changes in the plasma that parallel serum aminotransferase
levels and the histopathology of liver degeneration, but their changes can be
detected significantly earlier. These findings suggest the potential of using
specific circulating microRNAs as sensitive and informative biomarkers for drug-
induced liver injury.



Tocikn 0paon acetaminophen

Acetaminophen: Eival avaAynTikO/avTITTUpETIKO

‘EAgyxoc¢ ue microarrays av 1a mi-RNA p1Topouv va Katadeicouv Tnv
NTTATIKA KATACTPO®I META aTTO Xopriynon eapudkou (acetaminophen
overdose).

2 € KOTAOTAON UTTEPXOPNYNONG, Ta METABOAIKA HOVOTTATIA TTOU
KaTtaBoAiCouv To @APUAKO €ival 0€ KOPETHO.

To 1mAeovalov @APPAKO UTTOKEITAI O€ KATABOAIONO aTrd €Eviuua TwV
P450 -> NAPQI (N-acetyl-p-benzoquinone imine) (TogIkO).

NAPQI ecoudeTepwveTal atrd evOOKUTTAPIKN YAouTtaBiovn (GSH).
Omn NAPQI trepiooeuel, TTPOKAAEI NTTATIKY) KATACTPOPN.

2.€ TTEPITITWON UTTEPROAIKNS dOoNG acetaminophen (-> utTEPPOAIKS
NAPQI), xopnyoupe N-acetylcysteine (NAC) -> gvdokuTttapikdo GSH.



METpNoN TNC TOCIKNG dpdAaong
TOU acetaminophen

H 1oIkdTNTO deV eppavideTal AUECWC.

Xpelaletal ypryyopn Kai aglotroTn HETPNON TNG TOCIKOTNTOC UE
alMAaTOAOYIKO £AeyXO (0pO).

METPNoON TNG AUIVOTPAVOPEPATNS TOU 0poU (KAaOOIK uEB0DOC).

Bprikav mi-RNAs 1ToU ek@pdalovtal onuavTika oTo NTTap.

[MapakoAouBrjoav TNV €KQPAct] TOUG OTO NTTAP META TN Xopriynon
acetaminophen kai €1TionNg TTapakoAouOnoav TNV avixveuaor) Toug OTov
0p0O (AGYyw BV NTTATIKAG KUTTAPIKAG KATACTPOPNG).



Toxicology Applications

Selected miRNA shows opposite changes between liver and plasma samples based on
microarray results.
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Ta mi-RNAs atmrodeixbnkav 1o agloTroTol Kal
TTIO YPNYOPOI OEIKTEC NTTATIKNG KATAOTPOPNC
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