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MIKpOOUOTOIXIEG

[[UGAIVO TTAOKIOIO TTOU QTTOTEAEITAI ATTO OUYKEKPIUEVEC
aAANAOUXIEC OI OTToiEC €ival EIOIKEC VIO OUYKEKPIMEVA
yovidla, TOUG QVIXVEUTEC (probes), o1 oTroiol Eival
QKIVNTOTTOINUEVOI O€ Mia KOUKKida (spot) TnG yudaAivng
ETTIPAVEIAG TOU TTAQKIDIOU.




MIKpOOUOTOIXIEG

TauTtoxpovn avaAucon Tou TPOTTOU £K@PPACNC XIANIGOWY YoVvIdiwv
o€ OIAPOPETIKA dEiypaTa ) o€ DIAPOPETIKA aTAdIA AVATITUCNG

2UYKpION  €KPPAONG OE  QUOIOAOYIKEC KOl  TTABOAOYIKEC
KOTAOTAOEIC

AVTATTOKPION O€ PAPUAKEUTIKEC OUTIEC I BEPATTEIEC

Mapexouv xpnoiyeg TANpo@opieg yia Tn BioAoyikr AgiToupyia
EVOG opyaviouou, BpioKkovTag Troia yovidla evepyoTrolouvTal N
KOTOOTEAAOVTAI O€ DIAPOPA OTADIO AVATITUENG M O€ OTTOKPION OF
gepeBioparta Tou TTEPIBAAAOVTOC, OTTWC N ATTOKPION O€ OPUOVEC N
o€ upnAn Bepuokpaacia



Baoikd BARpara yia Eva TTeipapa
MIKPOOUGTOIXIWYV

AlaTUTTWON TOU BIOAOYIKOU EPWTAMATOG

EmiAoyr) Tou KatGAANAOU TUTTOU HIKPOOUGOTOIXIOC (TUTTWMEVEC
UiIKpoouaoTolXiec cDNA, TUTTWHEVEC HIKPOOUCOTOIXIEC
OAIYOVOUKAEOTIOIWV, UIKPOOUCGTOIXIEC TTOU KAOTAOKEUAOTNKAV
UE in Situ ouvBeon OAIlyOVOUKAEOTIOIWV)

Atropovwon Tou RNA atro Ta dciypara

2Nuavon Twv dEIYNATWY e PBoPICOUOEC OUTIEC

YBpIdIouOC oTNV ETMIPAVEIQ TNG MIKPOOUOTOIXIOC

2Apwaon MIKPOOUOTOIXIAC OTA UNKN KUPOTOG TWV
pBopiloucwV OUCIWYV KAl JETPWVTAC TOV AVTIOTOIXO POOPIoTUO
NG KABE ouaiacg

XpAon KAataAANAWY TTPOYPAUUATWY YIa TN dnUIoupyia TNG
TEAIKNG EIKOVAC TWV UIKPOTUCTOIXIWV.



MIKpOOUOTOIXIEG

H ouvduacopevn €IKOva TG  MIKPOOUOTOIXIOC
TTAPEXEl €va POAIKO TPOTTO WOTE va Bpedouv T1a
yovidla Ta oTroia  Ppiokovial O€ HEYAAUTEEN
EKPpaonN OTo Octiyua e€AEyXOUu O€ OUYKPION MUE TO

ASIVI IO AN OINNNAC



MIKpOOUOTOIXIEG

* MovoxpwpaTikéG pikpoouaTolxieg (Affymetrix): Kabe
ociyua RNA onuaivetal ye gia XpwaoTIKN Kal TOTToBeTEITAl
via UBPIOIOPO O€ £Eva TOITT MIKPOOUOTOIXIWV.

o AIXPpWMATIKEC UIKpoouaoTolxiec: Auo ociypara RNA
(EAEyXOU — ava@opdc) onuaivovTal JE 2 JIAPOPETIKEC
pOopilouoec ouaiec Kal To TOTTOBETOUVTAI VIO UBPIDICUO
OTO idIO TOITT JIKPOCGUCTOIXIWV.
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MIKpOOUOTOIXIEG
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*Me KOKKIVO Xpwpa gugavileTal Jia KOUKKidQ, av O aQuthv N
TTOOOTNTA TOU OEIYNATOC EAEYXOU Eival HEYAAUTEPO

Mg mTpdoIvo xpwua eu@avifeTal PyiIa KOUKKidQ, av O auThnv n
TTOOOTNTA TOU OEIYNATOC AvapopAc gival JEYAAUTEPO

Mg KiTpivo Xpwpa gu@avidetal pJia KOUKKiIdA, av O€ QuTAV Ol
TTOOOTNTEG TOU OEIYHATOC EAEYXOU Kal TOU OEIYNATOC avapopag
gival ioeg

Mg paupo xpwua epeaviCeTal hia KOUKKIda av kaveva Ociyua
dev €xel uBpidoTToInOEi

*O1 UTTOAOITTEC QTTOXPWOEIC gugavifovTal YIa QAVTIOTOIXEG
TTOOOTNTES TWV OUO JEIYUATWY



[MoooTIKOoTToIiNON OEOOUEVWV

*H évraon Tou PBOPICPOU PETATPETTETAI OE APIOUNTIKA
Oedopéva  Kal  Oivel TTANPOPOPIEC OXETIKA ME TNV
EKPPAO TWV YoVIOiwV TNS HIKPOOUOTOIXIAG.

*To OXeTIKO e€miTTeEdO £KPPAONG VYia KABe yovidio
QVTIOTOIXEI ME TNV TTOO0OTNTA TOU KOKKIVOU 1] TOU
TTPACIVOU PWTOGC TTOU EKTTEUTTETAI JETA ATTO DIEYEPON.

[10 va OUOYXETIOOUME QUTEC TIC TTOOOTNTEC Kal va
ECAYOUME TO OXETIKO €TTITTEDO £KPPOAONG KABe yovidiou
XPNOIUOTTOIOUUE TO AOYO £KPPaoNG

R. .
I = Gl 7: =log2(7;)

l



2@AAMOTO OTA TTEIPAMATO
MIKPOOUGTOIXIWYV

Tuyaia Kal ouoTNUATIKA oPAAuaTa oupBaivouv o€ éva TrEipapa
MIKPOOUOTOIXIWV:

— Xpnon d1aPopeTIKWY PBopiloucwyv OUCIWYV
— Xpnon d1apopETIKWY TTAATPOPHWV
— AIQQOPETIKES TTEIPAPATIKEC OUVONKEC

— Eloaywyn BopUBou ata dedopéva atro 10 0apwTn



Kavovikotroinon

TPOTTOG EAAXIOTOTTOINONG TWV CPAAUATWY OTA ETTITTEDA EKPPAOCNGS

« KavovikoTroinon oAIKNG évraong (total intensity normalization)

« Lowess (locally weighted linear regression) kavovikoTtroinon



Baoceig 0e0ONEVWYV HIKPOOUOTOIXIWV

GeneExpression Omnibus (GEO): Baon dedopévwy tou NCBI rtou
napexel dedopéva yovidlakng Ekbpaong

http://www.ncbi.nIm.nih.gov/geo/

Array Express: An noota Baon 6€60UEVWV UIKPOCUGTOLXLWY N
ornola dtatnpeital oto Evpwrnaiko Ivotitouto BlonAnpodopiknc EBI
http://www.ebi.ac.uk/arrayexpress/

ONCOMINE: Baor] dedopEVWVY TTOU TIEPLEYEL T[ELpOL}J.OLTOL
umpoouormxtwv Ttou acbopouv Sladpopouc TUTIOUC KapKivou.
Ertiong mapéxel oto xpnorr] epyaleia Slaxeiplong Twv 6860uevwv
yLot TNV A0S OTLKOTEPN EVPECN TWV ETLOUUNTWY TIELPAUATWV KOl
yoviSiwv http://www.oncomine.org/



Aedopeva LLKPOOUGTOLXLWV

IPID REE" "G3MBO0742" "GSMB0Q0T43" "GSMBOOT44" "GSMBOO745" "GSMB00T46" "GSMBOOT47" "GSMBOO748"
"1007_s at™ 10.98412 11.11354 11.00474 11.1896 10.91828 10.97255 10.7352%
"1053_at" 5.426875 5.940344 €.649304 6.436227 6.820375 &€.378402 €.597894
"117 ag" 5.265565 5.564025 5.817803 5.631599 5.2315¢61 5.960334 5.546186
"121 ac® 8.424749 8.27857 8.670591 8.590728 8.854136 8.911889 8.939678
"1255_g at" 3.666319 3.737454 3.615889 3.642348 3.449736 3.7135736 3.63812
"1294 at" 8.747962 £8.904438 8.151748 9.039548 8.316022 B8.413626 8.490143
"1316_at" 6.944241 6.310405 6.499703 6.195474 6.757213 6.446918 6.374754
"1320_at" 4.873748 5.029888 4.914144 4.77043% 4.737259 4.976627 4.697868
"1405_1 at" 8.374313 6.55758 7.46423 6.75511 7.09383 8.290524 6.733742 7.4756 6.58236¢
1431 ac"® 3.578451 3.570486 3.590849 3.486636 3.484305 3.599472 3.61397
1438 at" 6.547136 €.172181 €.52345 6.491056 6.636283 6.492878 E.566638
"1487_at" 9.487066 10.11535 9.95071¢ 9.501676& 9.721743 9.94243 9.398¢€85
"149¢ £ at"™ 6.015643 €.029665 &.2T6587 €.275242 5.83434 €.03582 5.735351 5.76565
"1552256_a at" 9.44986 B.,52093%1 8.410604 8.527215 8.535135 8.668772 8.416965
"1552257_a at" 9.731705 10.22188 10.48709 10.08306 10.27443 9.989593 10.148
"1552258_at" 4.568571 4.462218 4.542326 4.312526 4.259055 4.366878 4.25006
"1552261 at" 4,717711 4.547108 4.450623 4.606178 4.521616 4.6143 4.295897
"1552263_at" 5.712723 6.616152 7.193986 7.012848 7.118447 7.355435 7T.75506
"1552264_a at" 6.29749 6.153967 &6.855052 6.428255 6.409831 T.231188 6.9378 7.3
"1552266_at” 4.444225 4.353084 4.128518 4.606124 4.323753 4.322809 4.18074
"1552269 at" 3.687429 3.475274 3.84762 32.686121 3.528507 3.418546 3.640182




AvaAuon MikpoouoTOIXIWV

1) 2TaTIOTIKA avAAUON YIa €UPECN YOVIQiWV TTOU UTTEP 1)
uttoekppadovTal

2) OpadoTtroinon (Clustering)

3) MNMpoyvwon (Prediction)



2TaTIOTIKA AvaAuon MIKpoouoToIXIWYV

o {-test

tk :dk /Gk “E dk :x1k_x2k KAl (TkZ\/szl/nlkl-l—szz/l’lzkz

* [lapaAAayeg Tou t-test

1) szdk/(SO‘l‘Gk) UE Gk=\/c72k1/nlkl+02k2/n2k2

2) tk — dk /5k ME dk = X1k — X2k Kal 5k:\/Ak+O-21k/mlk+O-22k/m2k

ME TO A, vd TTaipVEl TIEG: . { (dy >0, <1)
O(otherwzse)



2TaTIOTIK AvaAuon MikpoouoToIXIWV

3) ¢, = 4, _2X2 — e @ ioo pe 10 90% Twv TPAAUETWY GAWV Twv
a+ |54 5 yovidiwv
n,n
)_Czk Mia GAAN €mmAoyn €ival va XpNOIYOTTOINOOUME
4) = —— TOV AOYyO Twv MECWV TIWV yia TIG U0
X1k KATAOTAOEIG.

« SAM (Significance Analysis of Microarrays) — ZTATIOTIKN
Avaiuon MikpoouaToiXiwv

Xi1 — X2

S =
O+ \/szl /nl, +o°,/n2,




Computationally Intensive
methods

* Bootstrap
* Permutation
* Bayesian t-test



2TaTIOTIKA AvaAuon MIKpoouoToIXIWYV

» [lapadciyua: Ac uttoBéooupe ot e¢etalovTal 10000 yovidia TOTE PE
p-value<0.05, 500 yovidia avauéveTal va BpeBouv oTaTIOTIKA
onMavTika kata Tuxn (by chance)

* AvAykn XpnoIhoTToinong Twv PEBOOWYV d16pBwaoNG yia TTOAAATTAEG
OUYKPIOEIG
— Bonferroni: P,y = Pu "1
1

_ Sidak: Peoriy =1=(0=p;)"

— Holm: pcor(i) = (n_l)*p(l)
— Holland: P (n_l—l_l)*p(z)
n

- FDR: pcor(z) — _l p(z)



E@appuoyn t-test oe (euyapwTEG TTAPATNPNOEIG

TABLE 7.1: Data for ACAT2 from Data Set 7A

Patient Before Treatment After Treatment Log Ratio Fold Difference
7 —0.86 —2.17 —-1.30 —2.47
10 —-1.97 —1.93 0.04 +1.03
12 —-2.07 ~1.28 0.79 +1.73
14 —-191 —2.32 —0.41 -1.33
15 —0.94 —2.00 -1.06 -2.09
18 —-1.29 -1.74 —0.45 —1.37
26 -1.09 —154 —0.44 -1.36
27 —-0.65 —0.60 0.06 +1.04
39 —1.69 —2.06 -0.37 -1.30
4] -0.79 —-1.22 -0.43 -1.35
47 -1.19 —2.11 —-0.91 —1.88
48 —-1.36 —1.40 —-0.04 -1.03
53 —-1.11 —1.59 —0.48 —1.40
61 —1.82 -1.72 0.10 +1.07
100 —-2.22 —2.13 0.10 +1.07
101 —1.76 —-1.94 -0.18 —1.14
102 -1.51 -2.37 —0.86 -1.81
104 -1.65 —1.98 -0.33 —-1.25
109 -0.78 —1.49 -0.71 —-1.63
112 —1.80 —-1.82 -0.03 —-1.02
Average —1.42 -1.77 -0.35 -1.21
Sample SD 0.48 0.43 0.48

Note: In this experiment, the samples from before and after treatment have been hybridised to two
separate arrays, with a common reference sample in the second channel. The measurements before
and after treatment are the log ratios of the experimental sample. to the reference sample. The log
ratio is the difference between these two values; the logs are taken to base 2, so a value of 1 represents
a 2-fold up-regulation, and —1 represents a 2-fold down-regulation. The sample standard deviations
have been calculated with a denominator of n— 1 = 19 to ensure that they are unbiased estimators
of the population standard deviation.



E@appoyn t-test o€ Traparnpnoeig duo
OEIVUATWY

TABLE 7.2: Data for Metallothionein 1B from Data Set 7B

Patient ALLLog Patient AML Log
1 8.60 28 8.42
2 7.85 29 8.35
3 8.85 30 9.58
4 8.20 31 9.18
5 7.60 32 9.41
6 8.21 33 8.96
7 8.47 34 8.81
8 8.51 35 9.55
9 8.75 36 8.18

10 6.75 37 8.71

11 7.93 38 9.46

12 7.71

13 7.88

14 7.55

15 6.61

16 8.75

17 9.32

18 8.40

19 7.16

20 8.41

21 4.75

22 S 792

23 7.82.

24 8.42

25 7.08

26 7.38

27 9.29

Average 7.93 8.97

Sample s.d. 0.94 0.51

Fold Ratio —1.84 +1.84

Note: This data came from Affymetrix arrays; the values have been logged (to base 2) to ensurz —a
the data are normally distributed.



OupadoTtroinon (Clustering)

OpadoTtrolouvTal pyadi yovidla ye Bacon tTa €TTiTeda £€KQPAONG TOUG
AvaTtrapaoTaon Twv OPAdWY AUTWYV JE OKOTTO TNV £UpECn TTIBAvVwWY
OXEOEWV METACU TWV YOVIOiwV

AAy6p1Bu01 opadoTroinong YTTopouv va dIaXwpPIoTOUV O€
EMIPAETTOMEVOUC (Ssupervised) kal PN-€TTIBAETTOUEVOUC
(unsupervised)

H amméotaon (distance) petagu duo yovidiwv XpnoIUoTToINTal WG
£i0000G 0TOUG aAYyOopPiBuOUG opadoTroinong:

— EukAeibela anootaon d,,= /Zn:(xi Y
i=l1

— Andotaon Manhattan d;z = Z|x,~ _yi|

i=l1

Y (5= ), -1

v =
JZ (x,— X)’ JZ (y,-Y)

— ZuvteAeoTtAC ZUOXETLONG TOU Pearson



[Mpoyvwon

Evoladepopaote KUpLwCE ylor Tn owoTh
npoyvwon (taévopnon) twv aoBevwv.

Exel onuaoio o€ epmtwoelc tpoPAednc tnc
acBevelac, oav dLayvwoTlkn SoKlpaoia

Xpnotlpomotlouvtal ot cuvnBilopevec pebodot
taéwvopnonc (Nevpwvika Aiktua, SVM, kAm)

[MoAAEC popEc amnaltteitol kamola nebodoc
ETULAOYNC TWV TILO ONUAVTLKWY YOVLOLWV



| a | t1=to=1/2d 12 6 | | ! |t4=t5=1f2d45§

HE_\ . t3=1/2dz § | & | 7 1/2dkes



AAyopi10pol Opadotroinong

I O -l
lepapxik TagIvOuNnoN:

a)Single Linkage Clustering
B) Complete Linkage Clustering
Y) Average Linkage Clustering




AAyopi10po1 OpadoTtroinong
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AAyopi10po1 OpadoTtroinong
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MeTta-AvaAuon

* [lapouacia Bopufou oTa aTTOTEAECHATO
* Mn emavoARWIUa ATTOTEAECUATA METACU TWV TTEIPAUATWYV

|

e 2TATIOTIKO €pyaAEio TTou emTecepyadetal Ta dedONEVA KAl TA
ATTOTEAEOPATA MEAETWYV TTOU €PEUVOUV TO idI0 EpWTNMA

o [lapéxel Eva TEAIKO CUUTTEPOOMNA TO OTTOIO TTPOEPXETAI ATTO MIO
ouvOean avecdpTNTWV CUVOAWYV DEDOUEVWV

Normand, S. L. (1999). "Meta-analysis: formulating, evaluating, combining, and reporting.” Stat Med 18(3): 321-59




MeTa-avaAuon MikpoouoToIXIWYV

MEBoodoI peTa-avaAuong:
— t-test

d = X1i — X2i o — (n, _1)Sd12i +(n,, —I)Sdi.
i Sd : n,; +n2i -2

l

— Rank Product (lMNvopevo Twyv Baduwyv Kataragng)
|
RP, = (Hinrgik);

— ZUVvOUOOMOG TwyV p-values

K
S; = _22 log(py )
k=1

Hong, F. and R. Breitling (2008). "A comparison of meta-analysis methods for detecting differentially expressed genes in microarray
experiments."” Bioinformatics 24(3): 374-82.



MeTa 1o clustering kail Tn HETA-
avaiuon?
XpAon AOYIOUIKWY YIa EUPECNG KOIVWV XOPAKTNPIOTIKWY UETAEU
OMAdWYV YOVIOIWV

Anuioupyia yovIOIOKWY UTTOYPOAPWYV JE OKOTTO TRV TTPORAEWN
aoBevelwy

bioCompendium
" The high-throughput experimental data analysis platform

home (EETTTIEEE @ETR search..

Gene list(s) analysis What is it & what it does ...

bioCompendium iz a publicly accessible, high-throughput experimental data
Select primary organism : human - analysis platform. The system is designed to work with large lists of genes or
proteins for which it collects 8 wide spectrum of bioclogical information. It facilitates
the analysis, comparison and enrichment of experimental results; either
Select background : @ whole genome ) ather gene list(s) proprietary or publicly available data sets. Typical use cases are the prioritization
of potential targets from gene expression analysis studies or from RMNAI studies,
The current version is designed to work best for human, mouse and yeast but

Upload gene list(s) and/or documents : other model organisms will be included in the next releases.
Org Name File ID/Document Type Main features of the system are:
human » gene_list_1 Avalfitnan.. | Ensembl Gene ID - : : : - -
g == |&| #* Input and conversion of a wide range of input 1D's like UniProt, GO,

Affymetrix and RefSeq

M — Extraction of bio-entities from different file formats (MS-Office, PDF
| e | | Go! | and flat text)

—— Comprehensive knowledge collection from different biological
database for a given list(s) of genes

Search interface to the knowledge collection to find information like
gene annotations, disease associations, sequences domain
architectures, interfering chemicals and involved pathways
Enrichment analysis for GeneOntology terms, diseases, pathways
and other biclogical concepts

Extraction of the protein-protein, protein-chemistry interactions
networks

Compilation of clusters based on sequence homology & sequence
domain architectures in a given list(s) of genes

Analysis and clustering of transcription factor binding site (TFBS)
profiles

Access to orthology information, clinical trial and patent information
Comparison of results derived from different experimental
conditions, time series or treatments

See help pages for more detais.

Send comments to Wenkats B, Satagopan



