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Agenda: 04. Expression Analysis after siRNA

 What is expression analysis

Insights from miRNA inference
Insights from GO terms- how we make it useful
Insights from Diseases

 Methodology

MiRNA inference

GO Analysis: ontologies, elim & weight, additional details
Diseases: ontology

How to generate a Meta-Analysis

 TRY IT! Demonstrate how iPathwayGuide gives better insights

Dataset bkg

Step-by-step navigation: Enter from email, Summary, miRNA, GO Terms, Diseases,
Printable Report

How to generate meta-analysis: purchase report, select contrasts, name conditions, submit
Q&A
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iPathwayGuide Core Functions

v DE Genes
] Predicted miRNAs
[ GO Analysis

* Biological processes
* Molecular functions
* Cellular components

v' Pathway Analysis
(Drugs, miRNAs, SNPs)

[ Diseases
d Meta analysis
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EXPRESSION ANALYSIS IN iPATHWAYGUIDE

MIRNA INFERENCE
 Which miRNAs might be active in the experiment?

GENE ONTOLOGY ANALYSIS

 Which biological processes, cellular components, or molecular
functions are impacted in the experiment?

 What related processes are likely affected?

RELATED DISEASES

* What human diseases are associated with similar changes in
expression?
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MICRO-RNA INFERENCE ANALYSIS

MIiRNAs bind specific nucleotide
sequences to inhibit transcription

* mMIRNA usually have many genes
(miRBase, TargetScan)

 mMIRNA activity can be inferred by
observing how many target genes are
downregulated

 Must correct for multiple comparisons
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MIRNA Analysis

RESEARCH QUESTION: Which miRNAs are most likely to be active,
according to the DE downregulated genes in this experiment?

METHODOLOGY:

1. Identify miRNAs
associated with DE
genes

2. Count number of DE
down vs total DE
targets

3. Calculate enrichment
score (pORA) for each
MiRNA
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GENE ONTOLOGY (GO) ANALYSIS

AN ONTOLOGY IS A HIERARCHY OF TERMS
« Each GO TERM describes a
— BIOLOGICAL PROCESS,
— MOLECULAR FUNCTION, or
— CELLULAR COMPONENT
* Associated genes are annotated to each
term... and its parent(s)

-  Correction factors need to account for
ps— nested terms:
7 — ELIM and WEIGHT METHODS

GO:0009617
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GO Analysis

RESEARCH QUESTION: What processes/ functions/ components are most
impacted by the measured expression changes (DE genes)?

METHODOLOGY:

1. ldentify GO terms
associated with DE
genes

y8p:s83cerss
feleiize: sf.!“

'““555E5: gggggggggg

2. Calculate enrichment
score (pORA) for each
term

3. Use Elim or Weight
Methods to find
informative terms
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iIPG: GO Analysis Method

e 3 Domains:

Biological Processes
Molecular Functions
Cellular Components

Hypergeometric
distribution analysis
5

Correction Factors
Uncorrected

FDR

Bonferroni (FWER)

Elim*

Weight*

* Takes into account repeated genes in the

hierarchy (Alexa et al 2006)

+ Demo - GSE47363 - The impact of miR-542-3p on gene expression profile in U20S cells (report id: 2803) - 03/268/2015 03:34 PM Share

Go terms summary 0

« show significant terms only

W

negative
regulation of —

cell pr...
DE genes: 79/ 586

) Advalta Corporation 2015

P-value Min
carrection: DE genes/term: 6
Elim pruning i —C

#genes B

Name (DE/ALL) "~ value

negative regulation of cell  79/586  7.100e-8
proliferation
cholesterol biosynthetic 14744 4300e-7
process
‘SRP-dependent 19/107  5.800e-5

cotranslational protein
targeting to membrane

axon guidance 44/369  7.900e5
platelet activation 31/235  1.500e-4
negative regulation of 20/124  1500e-4

neuron apoptotic process

F-epsilon receptor 24/164  1.700e-4
signaling pathway

organ regeneration 11/49  2.600e-4

neurotrophin TRK receptor  34/278  3.100e-4
signaling pathway

glycolytic process 13/67  3.400e-4

miRNAs 1 GOV Bp Blological Processes

[ Term details e

Name: negative regulation of cell proliferation
Identifier: GO:0008285 (5

Description: Any process that stops, prevents or reduces the rate or extent of cell proliferation.

¥ Differentially expressed annotated genes.

e

2
1 N & § 3 c B g
H cM::M:imil i im:fE ]
n ims (L millem
Ml cnmnlnlnin: il il emindt immn
: N R EEE B L H (| | e LB
2 H £

Ancestor chart E3

biological_process

Roguiates
[A]temmrensis 5]
o Partot 5]
[R5

biclogical
reguiation

organism
process.

Tepiaionct
i

profferation

noqatve
e
a
(€) Advaita Corporation 2016

0y Literature references
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DISEASE ANALYSIS

INTERNATIONAL CLASSIFICATION OF DISEASES (ICD-10)

* A hierarchy of human diseases from the WHO,
October 2015 (in US, from CMS and NCHS)

* Associated genes are annotated to each disease

— Not necessarily nested
— Use standard correction for multiple comparisons

{(’ s ICD-10

WWW.C m g /ICD 0
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Disease Analysis

RESEARCH QUESTION: What diseases are most impacted by the measured
DE Genes?

METHODOLOGY:

1.

|ldentify ICD terms
associated with DE
genes

Calculate enrichment
score (pORA) for each
term

Use correction factors to
eliminate false positives

Navigate hierarchy to
explore results
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#genes  p-
Name (DE/ALL) " value
Noonan syndrome and related disorders  6/15 0025
Bethlem myopathy 33 0042
3 42
Collagen V1 myopathy 33 00
410 0380

Polymicrogyria
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Meta Analysis

RESEARCH QUESTION: How do differential expression profiles vary across

experimental conditions?

e Compareuptob
* time points
* doses
* disease subtypes, etc.

 Combine proteomic and
transcriptomic analyses

* Quickly identify common or
unique patterns
 Genes
* miRNAs
e GO terms
 Pathways
* Diseases

‘BVSSUBA‘
.CVSéUa}\‘
Evssug )|
Dvssusg

1%
0
{2
4
14
P-value correction:
No correction
Pathway name AVs.SUBA  BVs.SUBA  CVSUBA | Evs.SUBA  Dvsses
prane prvalue palue povalue pvalue
dosterone-regulated sodium reabsorption 0048
pesemeres ? = Q Literature references
Azheimer's disease 0443 0013 0478
A o9 805
AminoacylRNA biosynthesis 0079
48 529
Amphetamine addiction 0.
ALS 0405 0026
Amyotrophic lateral sclerosis (ALS)
0.162 0118
026 254
naling pathway :
0.2

ADVAITA

! 01010 g 09
g 8907 18"
E LI oo ﬁ*m.

a bioinformatics company



DATASET BACAGROUND

»  AML1/ETO fusion is common
in AML; necessary but not
SCIENTIFIC REP*QRTS . -

sufficient to cause AML in

OPEN  AML1/ETO accelerates ceII - mice
mlgratlon.and |mpa|rsFeII-to- . Expressed AML1/ETO in HSC

cell adhesion and homing of _ _
ez hamatopoietic stem/progenitor used cytokines to induce
o cells myeloid differentiation

Marco Saia®", Alberto Termanini?, Nicoletta Rizzi?, Massimiliano Mazza?, Elisa Barbieri®*,
The AML1/ETO fusion protein found in acute myeloid leukemias functions as a transcriptional regulator — EV I ' l t t
by recruiting c to its DNA binding site. In order to extend the understanding of e Ve C O r

Debora Valli*, Paolo Ciana? Alicja M. Gruszka'* & Myriam Alcalay***

its role in preleukemia, we expressed AML1/ETO in a murine immortalized pluripotent hematopoietic

stem/progenitor cell line, EML C1, and found that genes involved in functions such as cell-to-cell

adhesion and cell motility were among the most signif as i by RNA —_— A2 2 (t ra n Sfe Cte d C e I | S )
sequencing. In functional assays, AML1/ETO-expressing cells showed a decrease in adhesion to stromal

cells, an increase of cell migration rate in vitro, and displayed an impairment in homing and engraftment

in vivo upon transplantation into recipient mice Our results suggest that AML1/ETO expression

determines a more mobile and less adh leukemic cells, therefore altering the D O d a O
interaction with the hematopoietic niche, potenhally Ieadmg to the migration across the bone marrow y

barrier and to disease progression.

. . .
Approximately 12-15% of cases with adult acute myeloid leukemia (AML) carry the (8;21) translocation, which — D 3 ( d ay 3 d I ffe re n t I a t I O n )
fuses the AMLI (also known as RUNX1) and ETO (otherwise RUNX1TI or MTG8) genes and results in expres-
sion of the AML1/ETO chimeric protein'. The published expression data demonstrate that AML1/ETO expres-
sion induces a distinct gene expression profile that involves the regulation of haematopoietic transcription and
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LET'S TRY IT!

° SERS:
— ACCEPT SHARE
— GENERATE META-REPORT
— GO TERMS
— DISEASES
— PRINTABLE REPORT
— META-ANALYSIS
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HOW TO GENERATE A NEW META-ANALYSIS

« Dashboard> +Create new meta-report

= Create new meta-report = Analyze a new experiment

 Find reports to include
— Missing? Make sure it’s purchased

— Use green arrow to include a contrast (names can be edited later)
— Repeat for up to 5 contrasts

Selected contrasts:

+
2
(-~~~

 Add Title & Description, then Create Report A»ng,A'TA
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iPG: Predicted miRNAs

@ jPathwayGuide a0 s ey miANAs  (]; Gene Ortology (GO Pathways

= f

Cordelia Ziraldo~

.
Ba r p | Ot d IS p | ays CO u I It + GSE77185 - AML1-ELO: DO vs A3 (report id: 16819) - 12/19/2016 01:49 AM Share
f : | | t d L2 miRNAs summary 1% [ miRNA details -
O OWI l regu a e Show p-values Identifier:  mmu-miR-27b-3p (4
4 0E Targets Previous Ids:  mmu-miR-27b
10 20 30 40 Sequence:  UUCACAGUGGCUAAGUUCUGC
targets vs upregulated :
mmu-miR-323-3p Family:  mir-27 (4
mmu-miR-154-5p iption:  Mus musculus b stem-loop
Jlilionnis ACAGCUAGCIG GUGAACg
mmu-miR-128-3 9gugCAGAGCU ACag  uggu
R\asﬁp TEELLLEELETTTn T LI I u
mmu-miR-136-5p uccaCGUCUUGAAUCGEU  CACUUguu  gecu
mmu-miR-488-3p —6a —uc
mmu-miR-362-3p
: AGGUGCAGAGCUUAGC! CGCUUUGUUCACAGUGGCUAAGUUCUGCACCU
mmu-miR-329-3p Sequence:
y .
[ ) AdvitaCorporation 2015
P-value correction:
% Differentially expressed target genes *
No correction 4
8 =
#DE # s H
enes 1rom max - I 5. -
Name (-/all) (/al)  value 2 5 8 g g8z 8 ¢ ¢ 3 % i 93 ] F]
— 3 c e ] g 5 s ] g % E s 3 5
g0 e e e e |
3 T T T —
F‘ to m ax + F‘ mmu-miR27b-3p  44/65  385/675 0.044 '; -
mmu-miR-27a-3p  44/65  385/675 0.044 8
mmu-miA-823-3p  21/27  181/297 0044
mmu-mR-154-5p  8/9 52/88 0054
. .
° mmu-miR-493-3p  6/7 43/82 0071 0 Literature references
mmu-miR-1283p  45/67  367/630 0075
mmu-mA-1365p  9/11 %9/171 0.086 Filter ..
. . miR-
mmemR4g63p 11714 191/219 01u + AN HW, et al, Mol Hum Reprod. 16:463-471(2010), PMID:20215419 MicroRNA transcriptome in the newborn mouse ovaries determined by massive parallel sequencing. (5
WI n aVI a e O e I I eS mmu-miA-362-3p  18/17  111/184 0.20 + Chiang HR, et al., Genes Dev. 24: Mammalian evaluation of novel and previously annotated genes. (4
memRaZa /177 11718 onz + Doste, et al. ANA. 8:180-186(2003). PMID:12554860 Numerous microRNPs in neuronal cells containing novel microRNAS. (2
+ Houbavly HB, et al, Dev Cell 5:351-358(2003)., PMID: 12919684 Embryonic stom cell-specific MicroRNAs. (7
« Lagos-Quintana M, et al., Curr Biol. 12: ., PMID:12007417 Identi oft from mouse. (4
10§ 25]50] 100 « Landgraf P, et al, Cell. 129:1401-1414(2007)., PMID:17604727 A mammalian microRNA expression atlas based on small RNA library sequencing.
pa ges + Poy MN, et al, Nature. 432:226-230(2004)., PMID:15538371 A pancreatic i ic microRNA regulates insuli tion. €4
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iIPG: GO Analysis

Graph shows relative
significance

Cyan = less significant
Magenta - most significant

an filter by # of DE
enes per term

enes plot shows
irectly annotated
enes to GO Term

O tree shows
ierarchy (interactive

miRNAS GOV 5 Biological Processes

+ GSE77185 - AML1-ELO: DO vs A3 (report i 16819) - 12/19/2016 01:49 AM

Go terms summary Lm

« show significant terms only.

v,

G-protein coupled =
receptor sig...
DE genes: 52/175

P-valve Min
comection: DE genestterm: 5.
Eiim pruning B
# genes

Name. (DE/ALL)"  p-value -
G-protein coupled receptor signaiing 52/175  3.900e-10
pathway
inflammatory response 71/247 390080
response to lpopolysaccharide 34/126 120007
defense response to bacterium 27/80 290006
leukocyte migration invalved in 7710 520006
inflammatory response
negative regulation of anglogenesis 12/31 040006
positive reguiation of angiogenesis 16/55 220005
antigen processing and presentation of 5/6 360005
endogenous peptide antigen via MHC
class | via ER pathviay, TAP-dependent
immune response 122/502  3.900e-5
cell surface receptor signaing patiway  160/933  1.200e-4

10] 25/ 50/ 100

@ Term details

Name: G-protein coupled receptor signaling pathway
Identifier: GO:0007186 (.

Description: A series
Tho GTP-bound actvated apha o1 pmzem ihon dissociaie from i

interaction, or for basal GPCR signaling the pathway begins with
process, e.9. ranscription. The pathway can start from the plasma membrane, Golgi o

¥ Differentially expressed annotated genes

+11 Ancestor chart

O Literature references

Page 1 0f 31

e a0 ammesahis o atner tanamit 1 dgnel wini e o Th pathwey bogins i recepior lgand
receptor actating s G protein I th absence of a agarit,and ends Wit reguiaton of & downsteam calar

X

7 Lock scroll-zoom
« Show legend

)
e
[pym——

next >>

+ AbeH, etal; Gene. 1999; 0. and the

+ Ames S, ot a. FEBS lters, 1996 Oc: 21 in human

.
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iPG: Diseases

O G ra p h S h OWS re | a t I Ve e lPathwayGulde RNA. Gene Ontology (GO)¥' & Cordelia Ziraldo
S i g n i f i C a n C e + GSE77185 - AML1-ELO: DO vs A3 (report id: 16819) - 12/19/2016 01:49 AM Share A

Diseases summary m [0 Disease details [

Cyan = less significant

. Py Identifier: H00271 (5
Magenta - most significant ey of cortal by excsssive mber o amall g with sl aitn
Includes: Bilateral frontal (BFP); Bilateral (BFPP); Bilateral perisylvian polymicrogyria (BPP); Bilateral
P ipi (BPOP); Bilateral (BGP); Unilateral (ULP);
o o with optic nerve ; symmetric or (PMGYSA); with seizures (PMGYS)
* Can filter diseases by
Differentially expressed annotated genes 3

classification
* Genes plot shows

False discovery rate (FDR) :

directly annotated - o [

Tubata

(©) Advaita Corporation 2016

0 Literature references

.
Glycogen storage diseases ~ 11/26  8.877e-4 Fitter
(GSD)

Abdollahi MR, et al. American journal of human genetics, 2009 Nov. PMID 18896110. Mutation of the variant alpha-tubulin TUBAS results in polymicrogyria with

Polymicrogyria 7/14 0008 .
optic nerve hypoplasia. ¢4

Acute lymphoblastic 5/8 0.016 « Guerrini R, Dobyns WB, Barkovich AJ Trends Neurosci 31:154-62 (2008) Abnormal development of the human cerebral cortex: genetics, functional consequences

leukemia (ALL) (precursor T and treatment options. (§

lymphoblastic leukemia) Guerrini R, et al. European journal of human genetics : EJHG, 2012 Sep. PMID 22333301. i i ia and i i with TUBB2B gene
mutations. (§

Jansen A, Andermann E J Med Genet 42:369-78 (2005) Genetics of the polymicrogyria syndromes. (§

Kheradmand Kia'S, et al. American journal of human genetics, 2012 Sep 7. PMID 22939636 RTTN mutations link primary cilia function to organization of the human

cerebral cortex. (J

Leprosy; Hansen disease 7/18 0018

Seronegative arthritis (SpA)  7/18  0.018

Hereditary fructose 3/3 0018
intolerance; Fructosemia

Alagille syndrome 3/3 0018

Py .;«f" *m.
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iPG: Diseases

O G ra p h S h OWS re | a t I Ve e lPathwayGulde RNA. Gene Ontology (GO)¥' & Cordelia Ziraldo
S i g n i f i C a n C e + GSE77185 - AML1-ELO: DO vs A3 (report id: 16819) - 12/19/2016 01:49 AM Share A

Diseases summary m [0 Disease details [

Cyan = less significant

. Py Identifier: H00271 (5
Magenta - most significant ey of cortal by excsssive mber o amall g with sl aitn
Includes: Bilateral frontal (BFP); Bilateral (BFPP); Bilateral perisylvian polymicrogyria (BPP); Bilateral
P ipi (BPOP); Bilateral (BGP); Unilateral (ULP);
o o with optic nerve ; symmetric or (PMGYSA); with seizures (PMGYS)
* Can filter diseases by
Differentially expressed annotated genes 3

classification
* Genes plot shows

False discovery rate (FDR) :

directly annotated - o [

Tubata

(©) Advaita Corporation 2016
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Glycogen storage diseases ~ 11/26  8.877e-4 Fitter
(GSD)

Abdollahi MR, et al. American journal of human genetics, 2009 Nov. PMID 18896110. Mutation of the variant alpha-tubulin TUBAS results in polymicrogyria with

Polymicrogyria 7/14 0008 .
optic nerve hypoplasia. ¢4

Acute lymphoblastic 5/8 0.016 « Guerrini R, Dobyns WB, Barkovich AJ Trends Neurosci 31:154-62 (2008) Abnormal development of the human cerebral cortex: genetics, functional consequences

leukemia (ALL) (precursor T and treatment options. (§

lymphoblastic leukemia) Guerrini R, et al. European journal of human genetics : EJHG, 2012 Sep. PMID 22333301. i i ia and i i with TUBB2B gene
mutations. (§

Jansen A, Andermann E J Med Genet 42:369-78 (2005) Genetics of the polymicrogyria syndromes. (§

Kheradmand Kia'S, et al. American journal of human genetics, 2012 Sep 7. PMID 22939636 RTTN mutations link primary cilia function to organization of the human

cerebral cortex. (J

Leprosy; Hansen disease 7/18 0018

Seronegative arthritis (SpA)  7/18  0.018

Hereditary fructose 3/3 0018
intolerance; Fructosemia

Alagille syndrome 3/3 0018
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PG: Printable Report

G e n e rate R e p O rt fro m e iPathwayGuide A evoovs. rna Gene Ontology GOV = Diseases Bl A CordelaZirado
S u m m a ry Pa ge 4 GSE77185 - AML1-ELO: DO vs A3 (report id: 16819) - 12/19/2016 01:49 AM Share A

Click Print to Save or
Print iPathwayGuide

it GSE77185 - AML1-ELO: DO vs A3

Top 5 Pathways, top GO

Organism: Mus musculus (10090)

.

ferms, miRNAs
’ ’ Creation time: 12/19/2016 01:49 AM

Diseases, all included 1. Introduction

In this experiment, 941 differentially expressed genes were identified out of  total of 11065 genes with measured expression. These were obtained using a
threshold of 0.05 for statistical significance (p-value) and a log fold change of expression with absolute value of at least 0.6. These data were analyzed in

. .
W I h m n I n the context of pathways obtained from the Kyoto Encyclopedia of Genes and Genomes (KEGG) database (Release 78.0+/06-02, Jun 16) (Kanehisa et al.,
2000; Kanehisa et al., 2002), gene ontologies from the Gene Ontology Consortium database (2016-Mar14) (Ashburer et al., 2000; Gene Ontology
Consortium, 2001), miRNAs from the miRBase (Release 21) and TARGETSCAN (Targetscan version: Mouse:7.1, Human:7.0) databases (Agarwal et .,
2015; Nam et al., 2014; Grifftns-Jones et al., 2008; Kozomara and Griffths-Jones, 2014; Friedman et al., 2009; Grimson et al., 2007), and diseases from

the KEGG database (Release 78.0+/06-02, Jun 16) (Kanehisa et al., 2000; Kanehisa et al., 2002). In summary, 92 pathways were found to be significantly

.
d I a g ra m S impacted. In addition, 2288 Gene Ontology (GO) terms, 3 miRNAS, and 34 diseases were found to be enriched based on p-
values.

Complete Methods &
References

Py .;«f" *m.
a bioinformatics company
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PG: Meta Analysis

V i W C r i n miRNAS GO)v . Pathways |l Diseases
+ GSE77185 - AML1-ELO (report id: 16821) - 12/19/2016 02:20 AM
Name: Cell achesion molecules (CAMs) - Mus muscuius (mouse)
ANA_EV.D0 vs ANA_EV.A3 _ . _ .

pse Qene Bar Elot to i
identify potential
biomarkers

Share &

Meta-analysis pathway summary T Pathway details

Description: Cell adhesion molecules are (glycolproteins expressed on the cell surface and play a
critical role in a wide array of biologic processes that include hemostasis, the immune
response, inflammation, embryogenesis, and development of neuronal tissue. There are
four main groups: the integrin family, the immunoglobulin superfamily, selectins, and
cadherins. Membrane proteins that mediate immune cell&#8211;cell interactions fall into
different categories, namely those involved in antigen recognition, costimulation and
cellular adhesion. Furthermore cell-cell adhesions are important for brain morphology and
highly coordinated brain functions such as memory and learning. During early development
of the nervous system, neurons elongate their axons towards their targets and establish
and maintain synapses through formation of cell-cell adhesions. Cell-cell adhesions also
underpin axon-axon contacts and link neurons with supporting schwann cells and
oligodendrocytes.

% Differentially expressed annotated genes 3
fata Gorporation 2016

View table
P-value correction:

 Download all figures :
False discovery rate (FDR) B L . DDTP: £ =8 N
and tables e

o0

T 5 3 g & 2 %3 § § 3 &

Fiter by pathway name LA A ¢ %8 0§ ¢ 8 3 & § 4
K = 2
§

RNA_EV.DO v FANA_AE22.00 RNA_EV.DOvs. RNA EVA3vs. [ A RO GR R AL ABE2. A3
. . . . RNA_EVA3 vs... RNA_AE22.00 RNA_AE22.A3

° ame R A Rk oo ank oo Rk oo

I eW I I I I I Ca I l ((Celladhesion mole... 1] 884206 240011 |

. | 1.220e-20 |

3
Glycolysis / GIUCO... E .8422-6 ,‘ 2 8.263¢-5 |
@Phagosome .065e-5 \‘h‘ 3| 6.510e-19 1.060e-4 |
On O [ Complement and coa... .2400-5 | YT ) 1.239-4 |
St aur... .502e-5 ) | \| 5] 4.192e-11 1.239e-4 0 Literature references
e n ITI e S a S a a e O r m.. 52565 B | /1§ 6| 1z316-7 Zttbo4
Cytokine-cytokine .630e-4. \Y 7| 1.543e-6 2.116e-4
HIF-1 signaling pa... 8| 2630e-4 B ) 8| 1.6535 0.001 Fiter
| Jak-STAT signaling. o| 2.760e-a P\\N/4 9 4.471e-5 0.001

rank diagram
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Stop Point
Questions

ADVAITA
SO, o,

a bioinformatics company

Advaita Corporation
www.AdvaitaBio.com
46099 Five Mile Road, Plymouth, Ml 48170

info@advaitabio.com
+1 (734) 922 - 0110




