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Analyza genovych sad
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* Geny, proteiny a dalsi molekuly jsou navzajem propojené
ve velké spleti rGznych signalnich, metabolickych a
rdznych jinych drah

* Potrebujeme zjistit, jaké drahy jsou zasazené nasSim
experimentdlnim protokolem (lisi se v mezi skupinami)




e Seznam molekul mizZeme ad-hoc vlozit do existujici
databaze drah a podivat se kam patfi (KEGG, MsigDB....)

* nevyhoda — nemame statistickou vyznamnost
* Provedeme analyzu genovych sad (pathway analyzu)

* Predpoklad vsech téchto analyz: operuiji s jiz
definovanymi skupinami genu




Génova sada je jakakoliv

mnozina genu, napriklad

vSechny geny vy ety

M- . které maji
pat”%,—gﬁ jedné podobnou
y funkci

Sada genu nemusi byt draha —
je to vSeobecnejsi a mene
specificky pojem




 Cil je priradit kazdé genové sadé, pripadné draze jedno
Cislo - skore, a nebo p-hodnotu, abychom mohli

Cil analyzy odpoveédeét na otazku:

genovych

sad je to dostatecné statisticky vyznamné, abychom mohli

Kolik genu je v sadé(pathway) odlisné exprimovanych a

rict, Ze je tato drdha specificka jen pro nase
porovnavané skupiny?




Databaze genovych sad (pathways)
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http://www.geneontology.org/

GO databaze

Term Lineage

Switch to wiewing term parents, siblings and children

¥ Filter tree view B

Filter Gene Product Counts Yiew Options————————————————
Data source Species ’7Tree view @Full O Compact .
Femaove all filkers

naplasma phagocy...
rabidopsis thaliana
Bacillus anthraci... -

[ all :all [277382 gene products]
H 500008150 ; biclogical_process [270820 gene products]
500050896 | response to stimulus [30457 gene products]
GO 0009605 ; response to external stimulus [5585 gene products]
H 500009811 : response to wounding [228% gene products]
GO0006954 1 inflammatory response [1173 gene products]
H 30:0002526 © acute inflammatory response [427 gene products]
(G0:0002532 : production of molecular mediator of acute inflammatory response [4< gene products]

GO0008950 ; response to stress [16147 gene products]
B 500006952 © defense response [4501 gene products]
G00006954 ¢ inflammatory response [1173 gene products]
H 30:0002526 © acute inflammatory response [427 gene products]
H 30:0002532 : production of molecular mediator of acute inflammatory response [44 gene products]
H 500009811 : response to wounding [228% gene products]
GO0006954 1 inflammatory response [1173 gene products]

H 500002526 ; acute inflammatory response [427 gene products]
G0:0002532 : production of molecular mediator of acute inflammatory response [44 gene products]
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http://www.genome.jp/kegg/pathway.html

KEGG

lor Objects in KEGG Pathways - Mozilla Firefox

Saoubar

O -c

-.l Google Mail

Upravy Zobrazik  Historie Zalosky Méastroje  Mapovéda

fat | E hktp: /v genome. jpfkegg tooljcolar _pathway himl
W/ False discovery rate - W...

ﬂ p-Yalue Adjustments -.l computing grvalues - Yy,

Color Objects in KEGG Pathways

KEGGZ PATHWAY BRITE KEGG Atlas Search Pathway Color Pathway Search Brite

Search against: |HDI‘nD sapiens (human) v|

Enter objects one per line followed by bgcolor, fgcolor:

FRS ~| Examples:

ALCF =

ABAT —| (Reference pathway (KO))
ABCAZ K01803 red,blue

ABCCEH 00118 pink

ABCCEPL .

ABP1 (Homo sapiens pathway)
ACE2 7167 red,blue

ACOTE 00118 pink

ACRC

ACSFZ v

Alternatively, enter the file name containing the data:

| |[ Frochazet..

Include aliases
[ Use uncolored diagrams

Display objects not found in the search

E starevpp4. pdf {applicati...

|j almac:july2009: comparis. ..

[3 color Objects in KEG... B | -

~

Hotowa
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KEGG

3 Search PATHWAY, - Mozilla Firefox

Soubor  Uprawy  Zobrazit  Historie  ZaloSky Mastroje  Mapowéda
@ - c {at I E hitkp: | fvmana, genome. jpfkegg-binfcolor _pathway _object T
-" Google Mail WY/ False discovery rat... g: p-¥alue Adjustments -" computing g-values ... E stareypp4.pdf {appl... |j almac:july2009:com... -" Google E Search PATHWAY ﬁ -

”~
Shaw all objects |

+ hsaD1100 Metabolic pathways - Homo sapiens (human) (313

» hsa05200 Pathways in cancer - Homo sapiens (human) (27}

QEMDID MAPK signaling pathway - Homo sapiens {human) (25} >

+ hsaD4060 Cytokine-cytokine receptor interaction - Homo sapiens (human) (193

hsan4062 Chemokine signaling pathway - Homo sapiens (human) (183

hsaD4310 Wnt signaling pathway - Homo sapiens {human) (17}

hsaD0230 Purine metabolism - Homo sapiens (human) (14}

hsaD4660 T cell receptor signaling pathway - Homo sapiens (human) (14}

hsaD4020 Calcium signaling pathway - Homo sapiens (human) {14}

hsan4514 cell adhesion molecules {(CAMs) - Homo sapiens (human) (13}

hsan4510 Focal adhesion - Homo sapiens (human}) (13)

hsaD4912 GnRH signaling pathway - Homo sapiens (human} (12}

hsa04360 Axon guidance - Homo sapiens (human) (12}

hsaD5010 Alzheimer's disease - Homo sapiens (human}) (12}

hsaD4650 Natural killer cell mediated cytotoxicity - Homo sapiens (human) (123

hsaD4270 Yascular smooth muscle contraction - Homo sapiens (human) (12}

hsa04080 Neuroactive ligpand-receptor interaction - Homo sapiens (human) (11}

hsaD4370 YEGF signaling pathway - Homo sapiens (human) (11}

hsaD4630 Jak-STAT signaling pathway - Homo sapiens (human) (11}
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KEGG
pathway
databaze

Poklikani na jednotlivé uzly zobrazi
vic informaci o jednotlivych genech:

Odkaz na literaturu
z které byly
informace Cerpané, Informaci o sekvenci
pfipadné dalsi

Identifikatory
daného genu v
rdznych jinych

databazich

VSechny ostatni
drahy do kterych
patfi gen

Je mozne zabarvit jednotlive geny
podle rozdilnych barev

MUNI|RECETOX




MsigDB databaze

* https://www.gsea-
msigdb.org/gsea/msigdb

login
register

O
GSEA

Gene Set Enrichment Analysis GSEA Home Downloads

MSigDB Home

Someess || MSigDB

Molecular Signatures Database

» Search Gene Sets N =S "D"'e;:'"s'!""ms Molecular Signatures Database v7.4
» Investigate Gene Sets =l'—a e
* View Gene Families
* Help Overview Collections
The Molecular Signatures Database (MSigDB) is a collection of The MSigDB gene sets are divided into 9 major collections:
annotated gene sets for use with GSEA software. From this web
site, you can hallmark gene sets are coherently expressed

UCSanDiego
EEBROAD

INSTITUTE

H signatures derived by aggregating many MSigDB

Search for gene sets by keyword. gene sets to represent well-defined biological states

Browse gene sets by name or collection. Or processes.

Examine a gene set and its annotations. See, for example,
the HALLMARK_APOPTOSIS gene set page. c 1 positional gene sets for each human chromosome
and cytogenetic band.

Download gene sets.

Investigate gene sets:
curated gene sets from online pathway databases,
Compute overlaps between your gene set and gene c 2 publications in PubMed, and knowledge of domain
sets in MSigDB. experts,

Categorize members of a gene set by gene families.

» View the expression profile of a gene setin a regulatory target gene sets based on gene target
provided public expression compendia. c3 predictions for microRNA seed sequences and
predicted transcription factor binding sites.

Investigate the gene set in the online bil
network repository NDEx

C4 computational gene sets defined by mining large
collections of cancer-oriented microarray data.
License Terms

GSEA and MSigDB are available for use under these license c5 ontology gene sets consist of genes annotated by
terms. the same ontology term.
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Metody analyzy genovych sad
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Podle toho s jakou informaci pracuji na

metody délici hranice — berou do uvahy jen
informaci "vyznamny" vs. "nevyznamny" gen

metody celého seznamu genu — pracuji pfimo se
vsemi p-hodnotami (i nevyznamnymi!) a teda s

Rozdeéleni poracm

Podle skupiny molekul ktere analyzuji

metod na:

* uzavfené — analyza jen v ramci genu v sadé

* kompetitivni — porovnani se vSemi geny
experimentu
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Deleni metod dle skupiny
molekul ktere analyzuji
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Uzavreneé
VS.

kompetitiv
ni l.

Uzavrena
metoda L« 1
pouzivajen [ Tl = ZECIS Qe 2
genove mnoziny nejsou

hodnoty genu dlisna movane”
> dané odlisne exprimovane

mnoziny:

* H, : “Geny v genové
mnozine nejsou vic
odliSné exprimované nez
ostatni geny v
experimentu”
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Datovy soubor 12 639 genu.
Z nich p<0.05 ma 1272 genu

96 genu v genove sade, z
toho 8 ma p-hodnoty < 5%

Kolik odlisneé exprimovanych
genu ocekavame nahodné?
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1. Nahodné ocekavame 96 x 5% = 4.8 vyznamnych gent

1. Pomoci binomického testu vypocteme pravdépodobnost pozorovani 8 a
vice vyznamnych genu: p = 0.1079, teda neni vyznamné

1. binom.test(x=8,n=96,p=0.05, alternative="greater")

Priklad, uzavrena metoda
deélici hranice




V Neni v e 12727212639 gend je odli$né
exprimovanych v tomto datovém

GS GS souboru (to je zhruba 10%)

* V mnoziné nahodné vybranych 96

Vyzn 8 12064 genl ofekdvame tedy 96 x 10% = 9.6
vyznamnych genl
’ * p-hodnotu vypocitame z kontingencni
NeVyzn 88 1 1 279 tabulky pomoci Fisherova nebo Chi-

kvadrat testu

p = 0.73 (Fisherav test — jednostranny)

Priklad, kompetitivni
metoda deélici hranice




Deleni metod podle toho s
jakou informaci pracuji

MUNI|RECETOX



v er 7 * Dvé predchozi metody byly zavislé na délicich hranicich —
MetOdy dEl ICI cut-offs a tedy zavislé na N
h ran I ce vs - * V pripadé, ze rekneme, Ze gen je pro nas vyznamny jiz na
metOdy ce I é h o 10% FDR, vysledek se zméni!
seznam u e Dale ztracime informaci tim, ze redukujeme p-hodnotu na

bindrni proménné (vyznamné/nevyznamné)

* Je rozdil védét jestli statisticky nevyznamné geny v nasi
mnoziné jsou vyznamné na hranici vyznamnosti a nebo
vlibec ne
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Metoda celého
seznamu genu:
uzavrena

 MuUzZeme studovat rozlozZeni p-hodnot v genové
sadé

* V pripadé, ze zadné geny nejsou odliSné
exprimované, meélo by se jednat o uniformni
rozlozeni

e Pik vlevo indikuje vyznamnost nékterych gen

* Aplikujeme Kolmogorv-Smirnoviyv test pro
porovnani rozlozeni

* p=28.2%, nenivelmi vyznamné

e Je to uzavrena metoda, protoze pouzivame jen
geny z genové sady

Frequency

15

10

P-value histogram for inflammation genes

0.0

0.2

|
04

| | |
0.6 0.8 1.0

pvalue[incl]
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Metoda celého
seznamu genu:
kompetitivni

e Alternativné se mUzeme divat na
rozlozeni poradi p-hodnot

* Toto by byla kompetitivhi metoda,
protoze porovnavame nasi genovou sadu s
ostatnimi geny v experimentu

* Opét muzeme aplikovat KS test
* p=85.1%, velmi nevyznamné

Frequency

15

10

Histogram of the ranks of p-values for inflammation genes

|
0

I
2000

I
4000

| | | | |
6000 8000 10000 12000 14000

p.rank[incl]
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1272 z 12639 gend je odlisSné exprimovanych
z toho 8 v genové sadé o 96 genech

Metoda celého hodnots porad
seznamu genU:.... oo

1
uza erné Gen H 0.001 2
Gen Z 0.031 3
Gen G 0.024 4
P-value histogram for inflammation genes Gen M 0024 62
Gen O 0.049 1272
GenJ 0.351 5843
Gen L 0.454 7390
Gen B 0.752 10287
. | | pvaluefincl] | | |
Gen C 0.989 12639

ozlozeni p-hodnot v genové sadé

Metoda celého
seznamu genu:
kompetitivni

Histogram of the ranks of p-values for inflammation genes

0 2000 4000 6000 8000 10000 12000 14000

p.rank(incl]
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GSEA

Najzndmeéjsi je GSEA — gene set enrichment analysis
(analyza obohaceni genové sady)

Pocita se na sefazenych p-hodnotach a sleduje se, zda
jsou geny z genoveé sady nahodné rozlozené v tomto
sefazeném listé, a nebo se vyskytuji v hornich,
vyznamnych pozicich

Postup: 1. Vypocet skére obohaceni (ES)

. 2. Odhad vyznamnosti ES (p-hodnota) na
zakladé permutacniho testu
. 3. Upraveni p-hodnot na problém

mnohondsobného porovnavani

Ranked .G‘E“E. !_ir_,t

Leading edge subset
¥ Gene set S

IHIRLE |
Correlation with Phenotype
h—
_ﬂ

Random Walk

ES{S}I rr"/\ o

£ PR —

hﬂgﬂmmum deulatlnn G‘EHE List Ranl:
enrichmen scnr&ESfSJ
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* Vysledky kompetitivnich testu zavisi na poctu
testovanych genu (napf. genll na microarray
sklicku a predchazejicim filtrovani)

* Na malém mikroCipovém sklicku, kde jsou

Uzavrene VS. zmeénéneé vsechny geny, kompetitivni
kom petitivni metoda nenajde zddné odliSné

exprimované mnoziny genu.
1.

* Kompetitivni metody davaji méné vyznamnych
vysledktd nez metody uzavrené

MUNI|RECETOX



Smeér zmeny

* Pokud chceme zjistit smeér zmeny,
musime zopakovat analyzu pro
jednostranny test

* jen up-regulovaneé
* jen down-regulované

» Stejne jako u testovani hypotéz na
genech mezi skupinami, i pokud mame
velky pocet genovych sad!

* FDR je trochu komplikované, protoze
genove mnoziny se prekryvaji

* Bonferroniho korekce vzdy funguje
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Topologie

Bez topologie S topologii
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* Cil:
e zména prumeérné exprese, korelace,

Topologie topologie

v 7 V4 * Jednotka zajmu:
VyUZIvana e draha, modul, cesta, geny
ruzne * Topologie znama dopredu a nebo odhadovana

z dat
* Celkova sit a nebo individudIni drahy
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gény

TopologyGSA, Clipper
DEGraph

Vzorky

L

Mnohorozmérné modely:

Gaussian Graphical Models
Multivariate Normal Distribution

SPIA, PRS
PWEA

Vzorky

gény

gény

L

Zmeéna exprese
t-statistika
p-hodnota

s

gény

R

drahy

TAPPA

Vzorky

L

Vzorky

Skupina A Skupina B

t-test

N\

Topologie drahy
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Pi"iklad — = 96 genu v draze, z toho 8 ma p-hodnoty < 5%

topolog ie = Je exprese drahy zmé&néna?

u ZaV re n a » Vyuziti topologické informace:
metOda dé I iCi « Definujeme statistiku

* s=X1,wd,

hranice

n — pocet genll v draze

i —index pro gen

w;, — pocet interakci genu i

d; — 1 — pokud je gen / odliSné exprimovany, 0 jinak
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Priklad —

t°p°|°g|e = Z 8 odliSné exprimovanych genu:
uzavrena « 2 interaguji s 10 geny v draze

metoda délici © Sinteraguji s 5 genyv draze
« 3 interaguiji s jednim genem v draze

hranice

= =210+ 3*5+ 31 =38

= Opakovane v draze nahodnée vybirame 8
genu a ziskame rozdéleni statistik, které
porovname s prvni statistikou.
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= Z 8 odliSné exprimovanych genu:
» 2 interaguji s 10 geny v draze
« 3 interaguji s 5 geny v draze
» 3 interaguji s jednim genem v draze

200 250
| |

150
|

Frequency

100
|

= s=2"10+3"5+3*1 =38

50
|

— = Opakovane v draze nahodnée vybirame 8
10 20 0 0 w0 genu a ziskame rozdéleni statistik, které
porovname s prvni statistikou.

" b= z}iv=1(*'5'nélhodneZ Spozorovans) [N

= N=pocCet nahodnych vyberov

= p=0.028, vyznamné
mUNI|RECETOX



.@ pLos ‘ O N E PUBLISH ABOUT BROWSE

& OPEN ACCESS "' PEER-REVIEWED

RESEARCH ARTICLE

A critical comparison of topology-based pathway analysis
methods

lvana lhnatova, Vlad Popovici, Eva Budinska

Published: January 25, 2018 ¢ https://doi.org/10.1371/journal.pone.0191154

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0191154
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https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0191154

Pozor na

korelace
mezi geny!

* VSechny testy, které jsme probirali predpokladaji, ze
geny uvnitr skupin jsou nezavislé

* To je ale velmi nepravdépodobné!

* Pokud jsou geny korelované, tak p-hodnoty jednotlivych
testl (napfr. Fisher(v test) budou nespravné

* VyfeSime permutacnimi metodami
* Poprehazujeme skupiny vzorkt
* Zopakujeme analyzu
* Porovname hodnoty s pozorovanymi daty




Pozor na
pruniky
mezi
drahami

e 250 KEGG drah pro H.
Sapiens 70
* najCastéji
zastoupené geny

70

70

71

/8 79
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* Hana Imrichova: MoZnosti propojeni vysledku genomickych
experiment( s gene ontology online databdzemi pro tvorbu
metabolickych siti, Masarykova Univerzita,2010,Bakalarska
praca

* lhnatova et al. A critical comparison of topology-based

Da I é i Stu d ij n i pathway analysis methods, PLoS One, 2018
13 * R baliky: PGSEA, GSA,ToPASeq, gage, DOSE, phenoTest, limma,
ma e rl a y a GOstats

SW

 MSigDB — web
http://www.broadinstitute.org/gsea/msigdb/index.jsp

e Gorilla: http://cbl-gorilla.cs.technion.ac.il/

e DAVID: https://david.ncifcrf.gov/
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