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Pfedchozi tyden

v

Alternativni struktury DNA

» kfiZzova

> triplex

> tetraplex
Tandemova a jina opakovani (Xlandscape)
Interakce DNA/protein (TRANSFAC, TESS)

Egr-1 early growth response 1 (induces apoptosis,
consensus WTGCGTGGGCGK)
GATATACGG Msx-1 (aka Hox-7; muscle segment
homeobox-like 1; CNGTAWNTG)

Interakce protein/protein (DIP, PIP)
Fylogenetické stromy (program PHYLIP)

» Matice parovych vzdalenosti
» UPGMA, NJ, max parsimony, ML
» format Newick A(B(D,E),C)

v

v

v
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Cesta k dajiim o expresi
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ENES IN TWO DIFFERENT YEAST CELLS

EACTIVITY

mRNA from MRNA from
Active Genes Active Genes

COMPARI

S OFL!MHQ
Yeast Cell

Fluorescently Tagged =3
DNA Strands (green)

The two DNAs are mixed and washed over the
fiied DNA on the microarray, where they stick fo
complementary sequences. =
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A scanner measures the fluorescence of each dye separately. o
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o3

The higher ratio of red to green fluorescence at the spot labeled TEPY, forinstnce, shows that the
TEP1 gene s expressed more highly in sporulating than in budding yeast cels.
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Nasnimany obraz z DNA Cipu vypovida o
pritomnosti DNA urcité sekvence ve vzorku .
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Factory-made DNA chips such as this one
are produced with techniques normally
used in the semiconductor industry.



Uplatnéni v mediciné

Rakovina nekontrolované déleni bunék v ddsledku
mutace (onkogeny, supresory nadord).

Méfeni genové exprese nachazi uplatnéni v diagnostice
rakoviny.

» 0 jaky druh rakoviny se jedna ?
» jaka je progno6za pro danou diagnozu ?
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Rakovina krvi nebo kostni diené leukemie

Ziskavani expresnich da
éni v mediciné

» Myelogenni, lymfocyticka, akutni, chronicka ?

Acute Myelogenous Leukemia (AML) Acute
Lymphocytic Leukemia (ALL)

Neni produkovano dostate¢né mnozstvi krvinek
Anemie — slabost, infekce, snizena srazenlivost krve
AML: 10,000 pfipadd rocné

ALL: 3,500 dospéli / 2,400 novorozenci

AML nebo ALL ?
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Diagnodza ve specializované laboratofi

» ALL: 58
» AML: 14

Lécba: chemotherapie, transplantace kostni dfené
» ALL: corticosteroidy, vincristin, methotrexat,
L-asparaginasa
» AML: daunorubicin, cytarabin
Spravna diagnoza je velice dllezita pro nasazeni
spravné leécby
Microarray muZe podporovat rozhodovani
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Priklad sady gend, které koreluji s
progn6zou
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Analyza expresnich dat

méFeni s nizkym poétem opakovani R
rozpoznavani obrazu o
pfevod na matici ¢iselnych hodnot T
normalizace

statistika jednotlivych pozic a gendl (priimérna hodnota,
rozptyl, eliminace extrémnich hodnot, atd.)

kontrast: dvé sady experimentalnich podminek

» specifika:n >> p

» PCA, LDA, shlukova analyza (clustering), strojové
uceni

» analyza v kontextu funkce (GO, KEGG)

» analyza v kontextu sekvence (blizké motivy a geny,
zvlast promotor)

» analyza ¢asovych a prostorovych fad (koregulované
geny)

vV v v v Y
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Co je to expresni profil?

Gene |

Gene 2

Gene p

Sample | Sample 2

Sample n

—a— canjeuSg uorssaadyg

Expression Profile ——»
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Jak zjiStujeme podobnost dvou expresnich
profilli ¢i jejich schopnost klasifikovat
vzorek?

AML ALL

¢ =(1,1,1,1,1,1,0,0,0.0,0,0) ]]ﬂ”ﬂﬂﬂ
gene, = (e, €3, €5, . . . ,€12) :I]ﬂ”ﬂi
gene; = (&), ez, €3, . . . , &12) _[] i [] g a

Expresni profil je chapan jako mnozina bodl v
multidimenzionalnim prostoru, popf. jako sada postupnych
vybérd z populace gend i zdroj informaci o vzorku
c.genel vektorovy soucin (cos uhlu, ktery zviraji)
d(c,gene) euklidovska vzdalenost (postihuje i absolutni
hodnoty exprese)
corr(c,gene) korelace
Ml(c,gene) vzajemna informace
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Problém smiSenych dat
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ChiIP-on-chip

malrix
~ genomicDNA e od
~ y
M e m =
crosslink
and shear

ChlIP-on-chip wet-lab portion of the workflow | | ampiy.

hybridization \»f

<00

ﬁuovesoence tag

Qstest
S0

DNAmicroarray

http:/fen.wikipedia.org/wiki/ChIP-on-chip 4
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In-situ hybridization

=

In situ hybridization of
Acsl5 in mouse E14.5
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RNA-Seq

HOXB2
ChiP-seq Poi2

RNA-seq

ChiP-seq PKNOX1

e | ML AL L

ChiP-seq and RNA-seq data exemplified at the HOXB2 gene
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RNA-Seq v diagnostice rakoviny

pre-mRNA
(Gene 2)

mRNA
(fused)

Gene
Junction

End-paired
short reads

a) Trans. . b)Cis.
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Multiclass cancer diagnosis using tumor
gene expression signatures (Ramaswamy oo
et al., 2001) P e

Klasifikaci nadordi

Stépeni proteind a hmotnostni
ekira

» V praxi se k diagnostice pouZiva soubor klinickych a
histologickych vySetreni.

» Je mozné je nahradit molekularnim vySetfenim ?

218 nadorl a 90 zdravych tkani

microarray (exprese genll)

5 000 000 zjisténych hodnot

metody strojového uceni (CLUSTER, SOM, SVM)

klasifikace (OVA = one v. all)

Uspésnost 78%

YyVYyVvYVvVYVvYyYy



Tridy a metody pro klasifikaci

HIERARCHICAL
CLUSTERING

DATASET
(16,063 Genes, 218 Human Tumor Samples)

BR PR LU COLY BL ML UT LE RE PA OV ME CNS

MOLECULAR
MARKERS
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Hierarichické aglomerativi zhlukovani Prednadkas




Jak funguje klasifikace do vice tfid
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MULTICLASS PREDICTION

Breast OVA Melanoma OVA CNS OVA
Classifier 1 Classifier 7 Classifier 14
.

p ALL OTHER
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Kvalita predikci s riznymi stupni

spolehlivosti

Training A % Test A % PD A %
s
% i 100% 1% | o 100% 2% o%
& 100% 1% 0% 0% 0%
213 A ..
ér ¥ 100% % 00% 4% - o
2 7S 1
s 4 0% % | L L e s | e 100% 10%
E Ty ol v m
] B% 4% " ain e |, " aw a%
o toe—y e
§| : o A m | o Y s 2w T 1e% 8%
Carrect Errors Correct Errors Correct Errors
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Pocet genl potfebny k Gspésné klasifikaci

Accuracy (%)

80 1 SVM OVA
70 -
e k-NN OVA
60 - SVM AP
k-NN AP
50 |
WV AP
40 -
WV OVA
30
20
10
0 ; . . . ,
1 10 100 1000 10000 100000

Genes per OVA Classifier
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Spolehlivost klasifikace

Train Predicted Class
BL BR CNS CO LE LU LY ME ML OV PA PR RE UT n
BL 8% 13% 13% 13% 8
BR 8% 13% 8
CNS 100% 16
0 co 13% % 13% ]
S 100% %
= w fu% 9% 13% 50% 13% ]
2 LY 100% 16
© Me 100% 8
a ML 13% 63% 13% 13% 8
2 ov f% 13% 38% 13% ]
PA 1% 13% 13% 6% ]
PR 1% 3% 5% ]
RE 13% 13% 13% 83% 8
ur || 13% 8
n l 8 1" 16 10 24 5 16 10 8 [] 6 1 3 144
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St&peni proteindl a hmotnostni spektra
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For Further Reading
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