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Workflow Normalisation Clustering analysis Statistical filtering

List of significantly differentially expressed genes
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— easy to sort and filter out significantly differentially expressed
genes: adj.P.Val < 0.05 and logFC > 42
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Mihaela Martis Microrarry data analysis
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As It Is Explorative bioinformatics....

Choice of tools and software’s depends on:
— Biological question
— Number of groups/timepoints
— Number of Differentially Expressed Genes

S,

Approaches:

* Hypothesis-free*:
— * As free as can be after design of experiment (blologlcally)

— Explore PATTERNS within the data with-no prlor knowledgeI
» Hypothesis-driven:
— Prior Knowledge to your datal!
 Interesting pathways
e Diseases
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Remember the Picture!
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Explorative bioinformatics

Combination between Your Biological knowledge and
Bioinformatics (statistics, pattern search etc)

DEPENDS on the Biological question and prior blologlcal
knowledge -

_-ff’/
7

NOT talking about fixed pipelines! = they do not (really) exist
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How to start...

* Hypothesis-free*
— *Asfree as can b

— Explore PATT

gically)
0 prior knowledge!

» Hypothesis-driverg
— Prior KnowlediSE

* Interestinggs

. Diseases #
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Tools, Softwares, Databases...

Transcriptomics

~ ~Epigenomics
« A mixture of all above (and more) gives afullerand more

comprehensive view of the bielogicalpicture
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Example 1 — Large list of DEGs ~1000-2000

List of significantly differentially expressed genes
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ENTREZID
400728
9563
5351
254
6248
ETTITE
aarres
anbs
64054
31539
BAH
6207
34151
28027
393
164y
256435
29970
GH155
s4n7Y
1301
58934
EIE
Preeey
47121
10962
4881
57196
LIELY
am17
687S
asz1
i
100313835
5M6

SYMBOL
FAMETD
HERD
PLODT
EATN
RASC1AL
SCAnuAl
P
EFH
T2
LOCII95
STIGALY

STBGALNACY
LOCT29070
TR
LMD
51PR1
OLFMLI

MIR125562
PRAN]

GEMENAME
family mith ssquence simiaricy 87 member B

hexnze-6-phesphats dehydrogenase [ghucose 1.deh. -

Iysine. 2. 1

kazuin. perplakin Interacing protein

regulatary schats carrer pratein, family 1, member 1
seall Cajal body-spacitic RNA 1

£en1na mcarparar

ukNYOUIC UANSIAIN IDE00N fe! 3 subure: |
J-umgecid Cod-transterase 2

uncharacterized LOCI30539

513 beta-galactosice alpha-2 d-siaiyitransterass 3
tinmsomal pratein 54

smell imslewar RNA, CD box 46

acyl-CoA thicestorass 11

laptn recantor

GROWEN AETRET AR DMA 03MAGH NG S90S

5Te
hCC2020X52-ike

polypyTimidine tract bnding protein 2

“newraminyh-2.3

paimieipan
sphingesie-1-anaspbate recepeor 1
alfactemedin liks 3

& tactar, ANA pi u
TAMIY WM SaqUenCE SIMISNCY 46 MamBaT £
eI pseudogene |
myehoéallymphoid o mixzd- incage leukemia; ransl. .
natriuretic peptide recepter 1
ATPase phasphal pid trarsporting 6

Viteterar. gammadmducible oteln 15

nitidase 1

T Y 1
diccoid m domaln recaptor tyrooina kinaca 2
AIGCTHA R A0MAIN rECApTor TyFmeEne kinasa 2
microfNA 12556-2
paircd related homzosas 1

legFC

05100676
04735258
0.5I0586L
03506974
02662336
12062780
EECCRErS]
03580492
03620637
0.6e23077
[T
0IEETINE
04004855
0.4E07000
0.2800242
0.421ua42
0.7128701
-0.5080706
0.7187237
15561353
07120823
0.3TLETO6
0.3761420
[T Trry
09059513
09376077
04207164
0.A062779
07519609
03312612
-0.AB32481
08158082
0HIE0IAE
0.7645595
03291720

BueExpr
5.202430
7.655717
[ ErT0
B.551819
£.626843
3033974
Bo2rmean
LLEL-EN
4672060
5.218302
5054524
£A¥SANT

11325241
5.435165
5480837
BTLEE
674617
5.74726)
5006043
7275419
5379538
E.488112
5314338
s uasasm
EALEEE
4.00590)
B.176434
6365881
AL
C.64TTO0
5574137
EREETRE]
EREESE)
3.699043
54506657

t
£830207
-£.053993
5 ATEES
samInT
5023315
10.113905
R e
177118
-5.610016
10.184T95
5274165
6847647
7370013
2153203
5210109
= Haarus
£.640652
-£.651954
0,365 305
ELTE AT
5A7E50S
5435173
EECE
1aEN0LE
S T7E300
-£.914541
£.328641
5245222
REL ]
07Tz
143063
7208407
AL
74833916
10.533458

RValue
7.381450c-04
164845003
1058151003
119768901
1.70440%e-03
2 556184005
H arinEee.0a
1443558603
9.199577e-04
244501105
6.413100e.00
7 ATI34e.04
184022504
0.0078590-05
13938030 03
1 4rs3a20.00
3446840204
080005204
4191649005
7 GN3aRTe05
7.039221e.04
110035803
11975080 03
[ECITE
TITLIZ6e-04
6.795920c-04
122057803
1342682003
1745707604
500606504
1450258003
19587370 00
43520E80.00
1267770e-04
197196005

ad|.P.Val
00334267066
0.04ET09A01E
DOIBELLTITE
0.0405A553907
0.0477T554756
0.007E5R00EE
[YSEEPTEEREn
0.0A4SB6TELE
CO3651TI2C
COCTTH0043¢
(L E TS
0.0717561857
0.0177412513
00139633874
0.0A392506EE
444 2 rHEE
00231384560
C.0I50000205
01011700
D.O0R]TNASL
0.0226015120
0.0393837151
0.0409850801
DOLETE
00343129955
003124700241
00414553708
0043 361483%
0.017MNT2Y
0.0202714402
0.0051432083
00181157270
(ISR ETe)
0155307630
00072212701

[
0057279721
0835082448
0425817745
-0 567584091
-0.334185613
3314046385
o 1MaaaTare
0. 739565140
0287254955
3355094713
0.0953631 20
0916831727
1.372590443
1996075505
07236565 5]
A ORsaRLDrS
0732236807
0240034250
2891605787
2 PEROSIESS
-0.007776738
-0.474724383
0563422343
1aaueaLIFY
0110949190
020075007
0591148043
L BH3AB0403
1477477251
0.192605120
0732327523
1210608300
U rAEEBIELE
1750284059
1557540997

E1
5.002046
7502089
£.790593
£.745368
£.500803
3.524069
[RTEEe
7.930683
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£.688421
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B T04516
5341850
5200433
5511736
Bszarad
457TTTEY
4440112
303448
B4TIED
6514847
5350099
5268701
FESEEeT
ISTEREN
4022401
5815004

E3
4505159
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— easy to sort and filter out significantly differentially expressed
genes: adj.P.Val < 0.05 and logFC > £2

Mihaela Martis

- all@
Microrarry data analysis
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Hypothesis-free

» Cytoscape (BINGO app) =
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* Ingenuity Pathway Anaryg|§.—-- ==
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Workflow

FRAOBEID

TEIRO0L . ha L
TEIEO1 L3 hg 1
TOIOE0151ha 1
TOIOEO184 o 1
TOILOOO133hg 1
TOILOEO3TLAg 1

rClnenansng 1

TCILR0550.hg L
TEIN0A5ES0g 1
TEILO05E5hg 1
TCI1008582hg 1
TCOLOBO7ELNG L
ILalen s g 1
TCIL0OPSL.ha 1
TCOL0G0aT4.hg 1
TCILO0ASA N |
TOO1006897.hg 1
TCI1000303.0 1
TCI100109405.1
TCI1001025.h3.1
TCale108ang 1
TEAL061085 g 1
TEI0E12810.hg 1
TCIL0E1262hg 1
TCOWe1274.hg 1
TCI10071344.03 1
TCI1001377 0 1
TCI1001422h3 1
TCI1001423.0g 1
TColelarang 1
TCO10E1464.ha 1
TCI1061484.ha 1

— easy to sort and filter out significantly differentially expressed

ENTREZID:
Anhre
9563
5151
23754
6143
ETTTE

EFEFETY

8453
EPELCY
A4T121
10962
EL
57198
140
as17

BETS

anzl

amrl
100313635
536

Normalisation

List of significantly d

Clustering analysis

SYMEGL GEMEMAME legFE ueExpe & PValue ad|.Fisl B E1 E2
FAMaTl fomily with sequence simiarity B7 member B O51006TE  5.202430 5430207 | 7.3014%0c-04 0L03I42GTEEE 0057270721 SO0ER0SE | 50092984
HEPD hexose &-phosprates dehydrogenase [glucose 1-deh. . 04726360 7655717  £0E3903 1 G4B04S0e0) O0AETOS301S 0.835CE2448 7502089 P 20055E
PLOOT hysine 2. 1 OSI0SAEL  ERGF0T 5 47E6RS | 1054101e03 DOIMELIOITE D4FCEITTAS  EIO0S9S | GETILTI
EAFN kazain. perfplakin Interacting protein 03806974 ESSIAIG SASITIT | 1 1976A9e01 DOATSASIANT 0 SAISAENA1 6TABA6A | & TTANNT
RSC1AL regulatary sehute carver protein, feenily 1, member 1 02662136 E.625841 023315 | 170440003 0O0ATTES4TEE  DOIATEEELT  G500B03 | G4BA45D
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Cytoscape (BINGO app) — Overrepresented GO BP

Overrepresented
GO Biological Process
o List of ~2000 genes
e Adj. p<0.0001
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STRUCTURING the list -> explorative patterns
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Cytoscape (BINGO a

pp) — Underrepresented GO BP

Underrepresented

GO Biological Process
» List of ~2000 genes
« Adj. p<0.05
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STRUCTURING the list -> explorative patterns
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Further explorative...
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Ingenuity Pathway Analysis (commercial)

e Canonical pathway — overrepresented

« Upstream regulators — common upstream Transcriptional regulator
having impact on overrepresented genes in DEGs list

e ... And much more

e WWww.ingenuity.com Y/



http://www.ingenuity.com/
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Canonical pathways — two examples
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Upstream Transcriptional regulators

| IPA — X
File Edit Yiew Window Help Provide Feedback | Support Jessica Lindvall  Cloze [PA

Webinar_DEGs_long - Core analysis

r Genes and Chemicals |/ Diseases and Functions |/ Pathways and Tox Lists

‘ Advanced Search R] amz

o B

Summary\ Canonical Pathways " Upstream Analysis\ Diseases & Functions\ Regulator Effects\ Networks\ Lists\ Molecules\

[ 40D 10 v PaTHWAY | ADD T0 My wisT | DisPiAY AS NeTwoRK [ cusTomze Tac | & B (& p-value of over...[1,626-26 - 2,70E-04_(p1 of4) ~| (53 83 i Morelnfo
Upstream Regulator T/ /| Expr Fold Change '™ /| Molecule Type T ¥/| Predicted Activation ... * | Activation z-score */| Flags X p-value of overlap * | Target moleculesi... T * | Mechanistic Netw... T *
TP33 transcription regulator Activated 3,199 1,62E-26 TACTNI, +AC... .all 178 | 389 (19) -
MYC transcription regulator Activated 2,867 bias 8,05E-21 TABCELTACT....all 131 | 468 (22)

HIF14 +1,182 transcription regulator Activated 5,167 bias 1,17E-12 TADAMTSY, +A....all 57 | 377 (18)

FOs transcription regulator 1,131 bias 2,30E-10 +ACTG], +ADA.. ..all 68 | 381 (16)

NFKEIA transcription regulator Activated 3,266 bias 1,34E-09 all 56 | 402 (16)

EPAST transcription regulater Activated 4,239 bias 1,68E-00 Lall 33| 354 (18)

ATF4 transcription regulater Activated 4,317 bias 4, 85E-09 -all29 | 200 (7)

MTPN +1,322 transcription regulater Activated 4,411 bias 1,97E-08 all20 [ 343 (113

HTT transcription regulator Activated 2,302 7,63E-08 -all 72 [ 358 (21)

JUM transcription regulator Activated 2,930 bias 1,03E-07 all30 [ 369 (17)

TBX2 transcription regulater Activated 3,638 bias 1,45E-07 Lall 18 213 (7)

CTHMB1 transcription regulator Activated 5472 bias 2,35E-07 Lall 70| 364 (19)

XBP1 transcription regulator Activated 4,413 bias 2,80E-07 -all 31 [ 125 (4)

FOX03 transcription regulater 0,714 bias 6,08E-07 +ACVRY, T+AGF... .all 35 | 391 (17)

VHL transcription regulator -1,016 bias 6,92E-07 FAKTT, #BHLH... ..all 22 | 369 (17)

FOXM1 +1,893 transcription regulator Activated 4,263 bias 1,52E-06 FAMKAT TAUR. Ll 20 | 327 (17)

PAX3 transcription regulater 1,90E-06 TANKAT +CD1... ..all 28 | 300 (7)

HIF34 transcription regulater -1,756 bias 2,16E-06 TAPLM, FEDNTF. .2l T | 198 (8)

SMAD7 transcription regulater Inhibited -3,989 bias 3,70E-06 +ACY dtall21 | 322 (17)

CREB1 transcription regulator Activated 4,404 bias 4, 09E-06 +AKS +AK gl 57| 344 (17)

SRF transcription regulater Activated 4,414 bias 4,98E-06 +ACTA CT.. .all 38 | 366 (13)

CDEMNZA transcription regulator -1,206 6,97E-06 TAN .all33 | 368 (19) |
CRAARTAA trancerintinn renulator Artivated ENES hiac 8 ARE-NA +ACT all 55 270 {IN r
Selected/Total molecules: 0/ 174
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Mechanistic network — from upstream regulators
TP53 1
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@ 2000-2017 QIAGEM. All rights reserved.
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Explorative bioinformatics leads to...

« add depth and nuances to your list of DEGs
 find biological sub-groups within your data — sorting the long lists

Transcriptomics
Epigenomics
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Questions?
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List of tools, software and databases

e (GenePattern:
http://software.broadinstitute.org/cancer/software/genepattern#

« FunCoup: http://funcoup.sbc.su.se/search/
« Cytoscape: http://www.cytoscape.ord/ =
« Paradigm: http://sbenz.github.io/Paradigm/

o Pathifier: 7;
http://www.weizmann.ac. |I/complex/compphvs/software/votam/path|f|e
r/ s

* Ingenuity Pathway Analysis (IPA- commerSIaI software)
Www.ingenuity.com Z

* ...thereis ALOT.mere —Which to usg depends on your
blologlcalquestlonI = A

jessica.lindvali@npbiSise
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http://funcoup.sbc.su.se/search/
http://www.cytoscape.org/
http://sbenz.github.io/Paradigm/
http://www.weizmann.ac.il/complex/compphys/software/yotam/pathifier/
http://www.ingenuity.com/
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