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Legal disclaimer

QIAGEN products shown here are intended for molecular biology applications. These products are not intended for the diagnosis, prevention or
treatment of a disease.

For up-to-date licensing information and product-specific disclaimers, see the respective QIAGEN kit handbook or user manual. QIAGEN kit
handbooks and user manuals are available at www.giagen.com or can be requested from QIAGEN Technical Services or your local distributor.

Sample to Insight

Transcriptomics, Proteomics and Metabolic Changes in Postnatal Mouse Heart analyzed with IPA and OmicSoft 2



OTPD
00000
QIAGEN

Agenda

Sample to Insight

QIAGEN Sample to Insight

Highlight important results

Processing the transcriptome, proteome and metabolome datasets

Biological analysis of the transcriptome, proteome and metabolome of post-natal mouse

cardiomyocytes

Understand the biological results in larger context

Conclusions
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Objectives: Understand what is happening in post-natal mouse heart

What transcriptional program underpins the development of heart postnatally?
* Which transcription regulators are predicted to be activated or inhibited?
» What are the significant biological processes connected to these transcription regulators?

 What hypotheses could be generated then validated in the lab?
« Are they master regulators driving some of the post-natal mouse heart?
» Are they therapeutically targetable or usable in biomarker application?

« Can we identify tissue-specific splicing variants of interest?
» Are there splicing variants enriched in heart tissues?
* What are their functions?
« Can we identify a splicing variant for biomarker application?

 What biological information can we get by comparing our analysis to >52,000 datasets?
* Is there a common pattern in other biological processes?
« Can we identify common players?

« Can we establish connection between two genes in heart development?
« What important genes are connected in heart development?
« What correlation exist between these genes?

Sample to Insight
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RNAseq data analyzed using QIAGEN bioinformatics

Experimental design for the multiomics analysis of postnatal mouse hearts.
Two separate sets of mouse ventricular tissue samples collected on postnatal day 1 (P01), P04,
P09, and P23 were used.

C57BL/6 miceliaul=d0k!
P04 RNA-seq Transcriptomics
LC-MS/MS Proteomics
* P09 LC-MS GCxGC-MS Metabolomics
. 1 P23
Postnatal daySss] 4 7 9 23

Cardiomyocyte

- Molecular Atlas of Postnatal Mouse Heart Dev

elopment. J Am Heart Assoc.
PMID: 30371266, GSE119530
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O
Q
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—
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Transcriptomics, Proteomics, Metabolic Changes in Postnatal Mouse Heart

Sample to Insight

)

OEEOREORES

Explore the underlying transcriptional programs (Upstream Analysis)

Generate hypotheses to validate in the lab (Causal Network)

Identify tissue-enriched splicing variant and its expression pattern (IsoProfiler)

Compare our analysis to pre-computed datasets (Analysis Match — OmicSoft Lands)

Visualize the connections of important genes in heart development (OmicSoft)

Transcriptomics, Proteomics and Metabolic Changes in Postnatal Mouse Heart analyzed with IPA and OmicSoft
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OmicSoft = Ingenuity Pathway Analysis (IPA)

|——> Your expression data —l

RNA-seq FASTQfiles g, || ®)Omicsof INGENUITY

MNow a QIAGEMN company PATHWAY ANALYSIS

L, OmicSoft Lands ‘

Expression data

Sample metadata

IMPORT

Sample to Insight
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Upload dataset to IPA

Sample to Insight

—Options

Dataset description

OS-IPA integration:
Analyzed dataset in AS

@ Upload Data to IPA
Upload m
—Input/Output
Project |HeartDevelopment GSE119530 |
Data IGSEl 19530 mRNAs vs dayl day4 d L] |
Rows ¢ all rows (53715)

™ Visible rows {1938)
" Selected rows (5624)

" Customized rows Select
1D column I C GenelD LI
1D type IEnsembl :J

Project name IHeartDeveIopment GSE119530

Dataset name lGSEl 19530 mRMNAs vs dayl day4 day!

thatal Days = S
PostMatal Days => 9 vs 4
PostMatal Days => 23 vs 4
PostMatal Days => 23 vs 9

Observations to upload {up to 20) 3 Selected

[V Replace missing raw and adjusted P values with 1

Mous Meonatal Heart Development iS Sent tO IPA Via P|Ug|n

Help I Show Script

Submit Cancel

Transcriptomics, Proteomics and Metabolic Changes in Postnatal Mouse Heart analyzed with IPA and OmicSoft
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Auto-submit IPA core analysis from Array Studio dataset

Sample to Insight

O Upload Data to IPA

E Analysis

IV Generate Core Analysis

—Options

™ Use only direct relationships in the analysis

IV Include chemical nodes in the analysis

Analysis name IGSE11953I3 mRMNAs vs dayl day
Reference Set IDeFault Ll
Defaulk j
Fold change focus IB-:uth ﬂ
Fold change cutaoff 200 =
P value cutoff 0,050 <=
Adijusted P value cutoff 0,050 <%
Group Max (intensity) cutaff 10.000 =5

Measurement for resolving duplicates  |Fold Change ~

UERR

Consolidate IDs using the value Maximum A

—Options
Analysis description

Maouse Neonatal Heart Development at Gene Level|

The dataset will be automatically
analyzed in IPA with the supplied
cutoffs

Help Show Scripk I

Subrnik Cancel

Transcriptomics, Proteomics and Metabolic Changes in Postnatal Mouse Heart analyzed with IPA and OmicSoft
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Summary of the Core Analysis: mMRNA day 23 vs day 1

Expression Analysis - GSE119530 mRNAs day23 vs day1 fc1.5 g0.05 min10 - 0O x

Summary  Graphical Summary  Canonical Pathways  Upstream Analysis  Diseases & Functions  Regulator Effects  Metworks  Lists My Pathways  Molecules  Analysis Match

Export : [A# B @
» Experiment Metadata
> Analysis Settings

' Top Canonical Pathways

Summary at the gene level

Name p-value Overlap
Kinetochore Metaphase Signaling Pathway - 3.79E-21 59.4 %
; Oxidative Phosphorylation - 7.24E-19 55.0 % ° |fo|d Change|>1.5
| Mitochondrial Dysfunction - 117E-17 45.6 %
: Hepatic Fibrosis / Hepatic Stellate Cell Activation - 4.91E-13 39.8 % ° q <O . 05
{ Sirtuin Signaling Pathway - 1.39E-1 33.7% .

min counts >10 in day 23 or day 1

~~ Top Upstream Regulators

~ Upstream Regulators

Name p-value Predicted Activation
! TP53 = 1.33E-68

|-asparaginase » 2.05E-57

TGFB1 = 2.17E-56

dexamethasone »  2.48E-52 Activated

beta-estradiol »  2.22E-50

~ Causal Network

Name p-value Predicted Activation
TRIM24 = 4.47E-93 Inhibited

ARNT - 7.58E-93

HEXIM1 . 1.93E-91 Activated

Ppplcc - 6.55E-89

Sample to Insight
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Core Analysis: day 4 vs day 1 (example)
Experiment Metadata

Raw Data (9957) Dataset Summary (9903) Metadata

There are 13 metadata fields with values in this dataset.
Fill-in metadata using pre-defined fields, or add a field of your own.
Note that only rows with values will be saved in the dataset.

KEY
case.agecategory
case.animalstrain
case.celltype
case.tissuedescription
case.treattime[days]
comparisoncategory
comparisoncontrast
control.animalstrain
control.treattime
genemodelid
organism
projectname

weblink

*  VALUE

Mouse pup
C57BL/6J0lahsd
cardiomyocyte
heart

Day4

Other comparisons
Day4 vs Day1
C57BL/6J0lahsd
Day1

Hg38 Ensembl92
mus musculus
GSE119530

Show Rows With Empty Values
b

https://www.ncbi.nim.nih.gov/geo/query/acc.cgi?acc=GSE119530
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Transcriptomics changes in post-natal mouse heart
Canonical Pathways comparison indicate switch in energy metabolism and changes in cell cycle

<o &

Aryl Hydrocarbon Receptor Signaling

Pyrimidine Deoxyribonucleotides De Novo Biosynthesis |
Cyclins and Cell Cycle Regulation

Estrogen-mediated S-phase Entry

Mitotic Roles of Polo-Like Kinase

Cell Cycle Regulation by BTG Family Proteins

PTEN Signaling

RhoA Signaling

Superpathway of Cholesterol Biosynthesis

Superpathway of Geranylgeranyldiphosphate Biosynthesis | (via Mevalonate)
Cholesterol Biosynthesis |

Cholesterol Biosynthesis Il (via 24,25-dihydrolanosterol)
Cholesterol Biosynthesis Il (via Desmosterol)

Oxidative Phosphorylation

GP6 Signaling Pathway

Death Receptor Signaling

Intrinsic Prothrombin Activation Pathway
Glutathione-mediated Detoxification

Cell Cycle: G1/S Checkpoint Regulation

Cell Cycle: G2/M DNA Damage Checkpoint Regulation
Valine Degradation |

NRF2-mediated Oxidative Stress Response

TREM1 Signaling

Production of Nitric Oxide and Reactive Oxygen Species in Macrophages
iNOS Signaling

Interferon Signaling

TCA Cycle Il (Eukaryotic)

Cell Cycle decreased

Cholesterol synthesis decreased

Oxidative phosphorylation increased

I ) Cell cycle checkpoint increased

TCA cycle increased

Post-natal cardiomyocytes arrest cell cycle progression and increase ox. phos. starting at day 9 after birth

Sample to Insight
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Oxidative phosphorylation is predicted to be activated at day 9 and day 23

Comparison of transcriptomics analysis indicates that oxidative phosphorylation pathway is activated from day 9 on

Cytoplasm
Outer Mitochondrial
Membrane

Hydrogen pump

when oopesne

Post-natal mouse cardiomyocytes switch to oxidative phosphorylation for efficient ATP production starting at day 9 after birth.

Sample to Insight
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Proteomics analysis shows energy switch in post-natal cardiomyocytes

<o &

ST Oxidative Phosphorylation sevason -score [N B «— Oxidative phosphorylation
Proteomics indicate Fatty Acid B-oxidation | B | «<— Fatty acid p-oxidation

major switch in feacycelliEukanyoric) , - “— Production of ATP, CO2, NADH
Tryptophan Degradation Il (Eukaryotic)

energy metabolism Glutaryl-CoA Degradation
and energy Ethanol Degradation IV

Ethanol Degradation I

substrates after Glycolysis | B - — Glycolysis decreased
. —» Isoleucine Degradation | -
b|rth- ——> Valine Degradation |

Ketogenesis . +—
Acetyl-CoA Biosynthesis | (Pyruvate Dehydrogenase Complex) «
Phenylalanine Degradation IV (Mammalian, via Side Chain)
Oxidative Ethanol Degradation lll
Gluconeogenesis |

—» Leucine Degradation |
2-oxobutanoate Degradation |
Methylmalonyl| Pathway
Ketolysis . = +—
Superpathway of Geranylgeranyldiphosphate Biosynthesis | (vii «
Mevalonate Pathway |
Superpathway of Cholesterol Biosynthesis

——> Branched-chain a-keto acid Dehydrogenase Complex
Aspartate Degradation Il

BCAA degradation
H- - Ketone metabolism

Post-natal mouse cardiomyocytes switch from glycolysis to oxidative phosphorylation and increase fatty acid -oxidation and
branched-chain amino-acid degradation.

Sample to Insight
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Explore the underlying transcriptional programs

Upstream Analysis

Sample to Insight
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Multi-omics analysis indicate similar transcriptional drivers

Transcriptomic Proteomic Metabolomic

MYOCD RB1 bR D

sy PPARGC1A D-glucose

TRimza ST ucr1 ]

ASXL1 TP53

e IRF4 PPARGC1A

e Esrra ICMT

cenp1 PPARGC1B PPARGC1B

FoXM1 KLF15

E2F2 TFAM

MED3 MYC

AL KDMSA

Tess i

CDKN2A NFE2L1

ZFP36 - = .

: m Upstream Regulators Analysis of
L ] . transcriptomics, proteomics and
rers ' L metabolomics show induction of
: I HIF1A fatty oxidation regulation by
SMARCA4 = NFE2L2 .

Rz | PPARG coactivators.

PPARGC1A : ' (]

Sample to Insight
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Multi-omics analysis indicate similar transcriptional drivers

Transcriptomic Proteomic Metabolomic

R thater, ST - — - o Activation z-scare - -

e - ¥ o o

S PPARGC1A D-glucose 1

TRIMZ4 CCND1 uCP1 -

s’ s PPARGC1A

e Esrra ICMT [

cenps PPARGCI1B PPARGCI1B

FOXM1 KLF15

T TFAM

MED3 MYC

TALL KDMSA

NUPR1 XBP1

EE::NzA NFE2L1

KDI\:SGB - B SOX4 .

: padas Upstream Rggulators Anqu3|s of
GATAL ' Shb transcriptomics, proteomics and
SMARCB1 ] MYCN . . .

rers ' L metabolomics show induction of
: I HIF1A fatty oxidation regulation by
SMARCA4 = NFE2L2 .

Nz T PPARG coactivators.

_ PPARGC1A

Sample to Insight
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PPARGCI1A is predicted to induce ATP synthesis

At day 23 post-birth, PPARGC1A predicted to be activated
and drives ATP synthesis and metabolism of ROS through
increase of fatty acid oxidation (transcriptomics).

Synthesis of ATP (p-value 8.01E-15)

Oxidation of Fatty acid (p-value 4.61E-16)

Metabolism of ROS (p-value 7.65E-12)

Cardiogenesis (P-value 4.03E-10)

PPARGC1A

Sample to Insight
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Generate hypotheses to validate in the lab

Causal Network

Sample to Insight
Transcriptomics, Proteomics and Metabolic Changes in Postnatal Mouse Heart analyzed with IPA and OmicSoft 20
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Causal Network Analysis of transcriptomics in post-natal mouse heart

CDK3
PTGER2
MAP3K21
ERBB2
PTGER1
KSR1
COL4A3BP
IKBKG
ADORAZ2A
NR1D1
PRKAA2
PRKCG
CDK3
CSNK1G2
SHC3
DCKZ
NR4A3
MAPKAPK?2

A

A

1 Comparison of Causal Network at day 4 and day 23,
| switch in usage of PTGER2 and PTGERL.
]
]

N WNNDNWNNWNENNNERENRFREN

Sample to Insight
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tion of heart

Reg

Regeneration of heart is predicted to be increased at day 4 post-birth

PTGER?2 is predicted to be activated

Regeneration of heart

and may promote the regeneration of

heart at day 4 post-birth.

Mitosis

M phase

P-value 1.97E-10

P-value 2.96E-10

Sample to Insight
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Regeneration of heart is predicted to be decreased at day 23 post-birth

..
\ —
Regen f heart
\\ @ |
- | Regeneration of heart
// // \\1‘\
e 7 N
” 7 N ) \\
PR / N\ ~
" 0 7 NN . .
s / LN NN PTGER2 is predicted to be
B AURKA" Mg ™ ’lgic L inhibited and may inhibit the
NESANSE N j//’/r/’ / regeneration of heart at day
AN TN TN /’/}”’, / 23 post-birth.
N \ \\‘\\ / -7 T
MNONRLY g \ /
AN AP - /
\ /7 \ ) 7
NV - /
Cell cyclelprogression Segrega&@mosomes
Cell cycle progression Mitosis Segregation of chromosomes
p-value 2.33E-08 p-value 2.33E-08 p-value 2.33E-08

Sample to Insight
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Regulator Effects predicts ICMT as a player in post-natal mouse heart

(T8l Ketolysis ) Comparison of metabolomics
analysis predicts that ICMT
(Isoprenylcysteine carboxyl
([eP: aycohsis| ) methyltransferase) increases
O2 consumption and oxidative
phosphorylation at day 23 in
post-natal mouse heart.

(TeP: TCA Cycle Il (Eukaryotic) ) /@\
Y 4 N\
\

(cP Sirtuin Signaling Pathway

\
/ /

Y
\ P 4
Consu pﬂ@n o oxygen / Production ofihydrogen peroxide

Respirationiefimitochondria

Sample to Insight
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ldentify tissue-enriched splicing variant and
Its expression pattern

IsoProfiler

Sample to Insight
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Isoforms differentially expressed observed in post-natal mouse heart

Add To My Pathway Add To My List

/ Sy.

ABCC9

ABCD1

ABCD2

ABCD3

ABCE1

Sample to Insight

Molecul...

ion channel

transporter

transporter

transporter

transporter

*  Gene-level Disease or Func.

.. * Gene-level Fi... *

Abnormal ST segment, Antivir... ...all 67

Abnormal conduction by nerves, ..

Abnormal conduction by nerves...

Abnormal composition of bile,......

Antiviral response,Apoptosis o.....

.all 74

all 65

all 24

.all 10

320

383

103

51

30

IsoProfiler Findings Create Dataset Customize Table

Expressi... #* Max Ex... *

2
3

W N

O-- 3 +1.340
mo
O-- +1.71
O- +1.471
O-- +1.448
O-- 42.602
- 4-1.990
0O-0O- 41.457
O-0- +1.691

x>

At g<0.05, 2256, 2965 and 6639
differentially expressed isoforms are
found at day 4, day 9 and day 23
post-birth, respectively.

Transcriptomics, Proteomics and Metabolic Changes in Postnatal Mouse Heart analyzed with IPA and OmicSoft 26
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IsoProfiler to filter transcripts from post-natal mouse cardiomyocytes

 Datasets ~ APPRIS (principal splice isoforms)
HRREE " | Select all
£l 513383 ® PRINCIPAL:1
£ m ClalalE|L —
1 tr:nsecripts day4 vs day1 v v ¥ | PRINCIPAL:2
2 transcripts day9 vs day1 v v v .| PRINCIPAL:3
Tiranscripts cavzavedont v v o1 IPRINCIPAL:4
| PRINCIPAL:5
| ALTERNATIVE:1
A Vv Add more... Remove selected [ Al TrmaiaTni-.A

Filters o . .
“ Gene-level Disease or Function
~ Expr Fold Change X
15 o0 15 Clear Select All
cardiomyocytes
e — e it Bt g
“ Expr False Di Rate (g-val X L .
xpr False Discovery Rate (q-value) Oxidative stress response of cardiomyocytes
0 =) .05 Polyploidization of cardiomyocytes
v Biotype . Poly.plmd?z of cardlorjnyocytes
Select all V| Proliferation of cardiomyocytes
v protein-coding Quantity of apoptotic cardiomyocytes
antisense Quantity of cardiomyocytes
IG C pseudogene Recruitment of cardiomyocytes

IG D pseudogene
IG J pseudogene
IG pseudogene

(TS A P

Sample to Insight
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Isoforms involved in proliferation of cardiomyocytes

Principal isoforms of 4 genes of 21 after filtering are inversely regulated at day 4 and day 23 post-birth.

Sample to Insight

1 O D4 +1.636
ALDH1A2 enzyme Abnormal morphology of at...... all93 |2 «x D9

3 0 D23 -2.084

1 Ox D4 +1.873
BIRCS other Accumulation of breast ca......all 297 |2 () x D9 -1.702

3 Ox D23 +-12.801

1 Oxx- D4 +1.975
CCNA2 other Activation of R... Acute my......all 74 |2 - - ——- D9

3 Oxx-- D23 -9.772

1 O- D4 +1.698
E2F2 transcription reg... | Abnormal function of immu... ... all96 (2 - - D9

3 O- D23  +-1.972

Transcriptomics, Proteomics and Metabolic Changes in Postnatal Mouse Heart analyzed with IPA and OmicSoft
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ssss  Four isoforms are differentially expressed between day 4 and day 23

. Transcript Protein *! Schematic X APPRIS * Biotype * transcripts day4 vs day1l + .+ transcripts day23 vs dayl 't
ID .. ® E... ¥ Exp...' % ID ID ... % Ex... ¥ Exp... %
1 Aldh1a2-201  Aldh1a2-201 | | PRINCIPAL:1  protein-coding ENSMUST000.. x 11636 8.54E-04 g gns.. () -2.084 2.46E-06

ALDH1A2 (retinoic acid producing enzyme) is necessary during the epicardial development.

Trans... Protein X/ Sc... X APPRIS */ Biotype * transcripts day4 vs day1 +' transcripts day9 vs day1 +' transcripts day23 vs day1 ar

ID .. % E... ¥ Exp... % ID .. X Ex... X Exp... * ID .. % Ex... % Exp... ®

1 Birc5-201 Birc5isoform1 B | PRINCIPAL:1 protein-coding ENSMU... () 11873 2.33E-05 gnsmus.. O 1702 9.22E-04 gnsmus.. O -12.801  2.89E-26
2 Birc56-202 Birc5 isoform 3 I protein-coding ENSMU... (O  %2.071 188E-05 gnsmus.. (O 2 +-1.348 2.72E-01 gnsmus.. (O +-4.534  3.82E-10

BIRCS5 controls cardiomyocytes number in heart development, its overexpression promotes cell cycle progression. Its downregulation
contributes to cell cycle arrest during postnatal cardiac development in a mouse model.

Transcript Protein * Schematic */ APPRIS * Biotype * transcripts day4 vs day1 +' tran... 't/ transcripts day23 vs day1 +
ID .. X E.. X Exp... X ID ...X ID o X Ex... X Exp... X E... X
1 Ccna2-201  Ccna2-201 [ Il 9 PRINCIPAL:1  protein-coding ENsM... () 11975 5.14E-03 - ENSMU.. O -9.772  2.97E-17  385.647
2 Ccna2-205  Ccna2-205 N N protein-coding ENSM... X +1.513  7.45E-02 - ENSMU... X -3.029 2.88E-02 5.3M1
3  Ccna2-203 Ccna2-203 W1 protein-coding ENSM.. x 11564 1.55E-01 - ENSMU.. X -5.622 1.62E-06 175.989
4 Ccna2-202 retained intron - - =
5 Ccna2-204 processed transcr... ENSM... X +1.424 1.00E00 - -

CCNAZ2 is silenced after birth in the mammalian heart and its constitutive expression enhances cardiomyocyte proliferation resulting in cardiac hyperplasia.

. Trans... Protein X! Schematic X APPRIS * Biotype X transcripts day4 vs day1 +! tran... t transcripts day23 vs day1 +

ID .. X E... X Exp... ¥ ID X ID coo X EX... X Ex... X E... X

1 E2f2-201 E2f2isoform1 | I PRINCIPAL:1  protein-coding ENSMU.. () 11698 4.92E-03 - ENSMU.. O 1972 4.16E-03  42.649
2 E2f2-202 processed transcri... = = =

E2F2 has been shown to promote adult cardiomyocyte proliferation.

Sample to Insight
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Compare your analysis to pre-
computed datasets

Analysis Match — OmicSoft Lands

Sample to Insight
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Analysis Match: Postnatal mouse heart day 23 vs. precomputed datasets

Summary  Graphical Summary  Canonical Pathways  Upstream Analysis  Diseases & Functions  Regulator Effects =~ Networks  Lists  My...

. Evaluate Metadata = View As Heatmap View Comparison Customize Table 5 B g

PRI e (D SO o 2 ) A e o T [ SXH LR X | Looking for a similar pattern in

4- acute myeloid leuker Hemato... acute... hemato... Transfe... Treatm... Transfe...

111- normal control [fore Human... normal ... forebrain NA Other ... Experi... .

81- normal control [fore Human... normal ... forebrain NA Other ... Experi... 4 C P (C an O n |Ca| P athwayS)
3- normal control [bone Mouse... normal ... bone m... Infectio... Treatm... Genoty...

102- normal control [for Human... normal ... forebrain NA Other ... Experi...

109- normal control [for Human... normal ... forebrain NA Other... Experi... ° UR (U p stream Reg u Iato rs)
3- lung carcinoma [lung Mouse... lung ca... lung NA Other ... Subject...

244- normal control [he Human... normal ... heart NA Other ... Experi...

633- normal control [kic Human... normal ... kidney  NA Other ... Experi...

 DE (Downstream Effects)

 CN (Causal Networks)

1- Alzheimer's disease Mouse... Alzhei.. bonem... M-CSF  Other... Genoty...
3- ankylosing spondylit Human... ankylos... periph... IFN ga... Treatm... Diseas...
4- normal control [bone Mouse... normal ... bone m... Infectio... Treatm... Genoty...

1- skin melanoma (SKCI OncoGEQ skin me... skin NA Treatm... Sampli...
4- normal control [fetal Human... normal ... fetal br... differen... Treatm... PreTrea...
345- normal control [sp Mouse... normal ... spleen  NA CellTy... CellSub...
118- normal control [lun RatDise... normal ... lung NA Other ... Tissue:...
526- normal control [kic Human... normal ... kidney  NA Other ... Experi...
234- normal control [he Human... normal ... heart NA Other ... Experi...
534- normal control [kic Human... normal ... kidney  NA Other ... Experi...
24- bladder transitional OncoGEO bladder... bladder BGJ398 Treatm... TreatTi...
222- normal control [he Human... normal ... heart NA Other ... Experi...
220- normal control [he Human... normal ... heart NA Other ... Experi...
1- normal control [bone Mouse... normal ... bone m... Infectio... Treatm... Genoty...
2- normal control [skin] Human... normal ... skin IFN ga... Treatm... Treatm...
106- normal control [he RatDise... normal ... heart NA Other ... Tissue:...

Sample to Insight
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Analysis Match: Postnatal mouse heart day 23 vs. precomputed datasets

Summary Graphical Summary  Canonical Pathways Upstream Analysis Diseases & Functions Regulator Effects Networks Lists My...

< >

Evaluate Metadata View As Heatmap View Comparison Customize Table = B »
Analysis Name T Project ® X case.di.. T ¥ caseti... T ¥ comparisoncontrast TX Ccp... TX y.. TX CN... T X T X WX
4- acute myeloid leukemia (LAML) Hematology acute myeloid ... hematopoietic t... Transfection => CARM1shRNA2 vs con... 74.16 ' 56.57 50.30 64.94

L , _ o S Z-score % > 60
Filtering with unique criteria on overall Z-score indicating

highest similar pattern possible between day 23 vs day 1 and
others precomputed analyses.

Sample to Insight
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Analysis Match: Postnatal mouse heart day 23 vs. precomputed datasets

Highest similarity at Canonical Pathways, Upstream Regulators, Causal Networks and Diseases &
Functions is found with a cancer dataset.

Sample to Insight

iy, GSE119530 MRNAs ...
[iim 4- acute myeloid leu...

~ Entity Name

A

Cell Cycle Regulationby B... |
Chromosomal congression ...
Mitotic Roles of Polo-Like K...
Cell proliferation of carcino...
PIK3CG

Cell death of ventricular m...
M phase of tumor cell lines
M phase

Metabolism of DNA

IFNG

IFNG

CDKN2B

PTPN18

CDKN2A

CDKN2A

MEOX2

LTBR

NUPR1

NUPR1

TNF

TGM2

IFNK

GADD45G

PF4

B R I T S T Y T

|

Metadata

KEY
case.celltype
case.diseasestate
case.sampleids
case.samplematerial
case.samplesource
case.samplingtime[hours]
case tissue
case.transfection
case.treatment
case.treattime[days]
case.treattime[hours]
case treattime[minutes]
comparisoncategory
comparisoncontrast
comparisonid
comparisonindex
comparisontype
control.celitype
control diseasestate
control.sampleids
control. samplematerial
control.samplesource
control tissue
control transfection
control treatment
control treattime[days]
control treattime[hours]
downregulated log2 cutoff
genemaodelid
length
observation name
organism
platformname
projectname
sampledatamode
upregulated log2 cutoff
weblink

4- acute myeloid leukemia (LAML) [hematopoietic tissue] Transfection_CARM1 1240
* VALUE

myeloblast

acute myeloid leukemia (LAML)
GSM2773088,G5M2773101,G5M2773104
unsorted cells

myeloblast

hematopoietic tissue
CARM1 shRNAZ
Transfection_CARM1 shRNAZ

Treatment vs. Control

Transfection == CARM1 shRNAZ vs control shRNA
GSE103528.GPL18573.DESeq2.testd
1240

DESeq2.v1.10.1.08.¥101316

myeloblast

acute myeloid leukemia (LAML)
GSM2773099,G5M2773102;G5M2773105
unsorted cells

myeloblast

hematopoietic tissue

control shRNA

Transfection_control shRNA

-1.0878
OmicsoftGene20130723
30373

x

— Acute Myeloid Leukemia

— > CARM1 shRNA vs control shRNA

4- acute myeloid leukemia (LAML) [hematopoietic tissue] Transfe...

human
NGS.lllumina.NextSeq500
GSE103528
RnaSeq_Transcript

1.1452

— GSE103528

https://www.ncbi.nlm.nih.gov/geo/query/acc.cqi?acc=GSE103528
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What we know about CARM1...

CARML1 is an important regulator in embryonic development and cellular differentiation.

« CARM1 is “Co-activator-associated arginine methyltransferase 1”

+ CARML1 adds asymmetric demethylation to arginine residues in histones, with specificity for H3R17 and H3R26 and other protein substrates
(RUNX1, and members of the SWI/SNF...).

» CARML1 regulates critical cellular processes such as RNA splicing and autophagy.
* In solid tumors, overexpression of CARM1 correlates with cancer cell proliferation, metastasis, and poor survival outcomes.

CIELIE) 1soforms From View GTEx human tissue expression (Land Explorer) More Info
CARM1 Chromosome: 19; Location: 19p13.2
1 T
! l T 1 iy
Domains [ SmtA_
AdoMet_MTases Length
[

(# of AA's) # of findings
CARM1_NM_199141.1 | CARM1-201 ’_w --------- W ! 608 2
CARM1 variant X1 | CARM1 isofo... H— ----- —WH | 585 1
et sz T ——————— o

Descriptions from External Databases

Entrez Gene Summary: This gene belongs to the protein arginine methyltransferase (PRMT) family. The encoded enzyme catalyzes the methylation of guanidino nitrogens of arginyl residues
of proteins. The enzyme acts specifically on histones and other chromatin-associated proteins and is involved in regulation of gene expression. The enzyme may act in

association with other proteins or within multi-protein complexes and may play a role in cell type-specific functions and cell lineage specification. A related pseudogene
is located on chromosome 9. [provided by RefSeq, Aug 2013]

Sample to Insight
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Unigue analysis sharing similar pattern with mRNA day 23 is GS103528

GSE103528: CARML1 is essential for myeloid leukemogenesis but dispensable for normal

hematopoiesis
Greenblatt SM et al. Cancer Cell, 2018.

« 3 leukemia cell lines treated with short hairpin inhibition of CARM1 or short hairpin scramble

control.
« Knockdown of CARML1 impairs cell cycle progression, induces apoptosis and downregulated E2F

target genes in leukemia cell lines

Hypothesis: CARM1 may be involved as well in the post-natal mouse heart biology

Sample to Insight
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Knockdown of CARM1 induces a similar program to day 23 post-natal heart

Upstream Regulators

Sample to Insight

Entity Type

Canonical Pathways

-
2
= E
P
=
Ca
E <

Entity Name

Estrogen-mediated S-phase Entry

Cyclins and Cell Cycle Regulation

Mitotic Roles of Polo-Like Kinase

Cell Cycle Regulation by BTG Family Proteins
Superpathway of Cholesterol Biosynthesis
Cholesterol Biosynthesis Il (via 24,25-dihydrolanost
Cholesterol Biosynthesis |

Cholesterol Biosynthesis lll (via Desmosterol)
Glutathione-mediated Detoxification .
Type | Diabetes Mellitus Signaling

Inflammasome pathway .
TREM1 Signaling

Neuroinflammation Signaling Pathway

Cell Cycle: G2/M DNA Damage Checkpoint Regulatio .
Cell Cycle: G1/S Checkpoint Regulation

Calcium-induced T Lymphocyte Apoptosis

Role of Pattern Recognition Receptors in Recognitior

UR

UR
UR
UR
UR
UR
UR
UR
UR
UR
UR
UR
UR
UR
UR

| Entity Name

SIRT3
NCSTN
CCNDL
RABL6
ERBB2
PTGER2
E2F3
MYC
TBX2
MED1
SIRT1
SOCs1
S100A6
FOXM1
MITF
E2F1
PTGER4
MAPK1
E2F2
LING
HGF
TALL
ESR1
CSF2
EP400
NKX2-3
TRIM24
ACKR2
IFNG
NUPR1
CDKN2A
PPAIF
LTBR
STAT4
DAP3
DMD
Hbb-bl
ASXL2
TNF
ToM2
TLR3
let-7
s
IFNL]
IRF3
IRF7
SA1
TPS3
STAT1

RB1
(e

mRNAs day23 v...
| 4- acute myeloi...

Diseases & Functions

R R Entity Type

O0O0OO0OO0OO0OO0DO0ODO0ODO0OO0OU0U OO
mmMmMmMmMMmMMmMMMMMMMMM

Entity Name

Ci‘leckpoint control

DNA replication

M phase of tumor cell lines
Cell death of ventricular myocytes
M phase

Metabolism of DNA
Senescence of cells
Congenital heart disease
Cell death of immune cells
Ventricular septal defect
Cell death of tumor cell lines
Synthesis of lipid

Fatty acid metabolism
Function of muscle

Muscle contraction
Cytotoxicity

4- acute myeloi...

mRNAs day23 v...
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Upstream Regulator Analysis indicates inhibition of cell cycle progression

|
|
: ..

@ - 4 All upstream regulators (only transcription
N ANy T ag g D factors) predicted to be inhibited and activated
A\ S t day 23 vs day 1
S / ~ at da vs da
\ Wil s S y y
L
1
> B 48 |
¥l e o Cell cycle progression
@ P VTR T W @ decreased
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|
|
|
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CARML1 itself is downregulated in post-natal mouse heart at day 23

Cytoplasm

PPBPt

N
Nucleus \

Cell cycle progression

N\
progression
7

CARM1 (down-regulated) is
connected to transcription
regulators and induces a
decrease of cycle progression at
day 23

¢ PN
(PARGC_I/K
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Activation of CARM1 may allow cell cycle to progress again

Sample to Insight

NRIP1

SMARCC2

il

NCOA2
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-
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ARID1A
1]

CARML1 is upregulated
at day 4 and is driving
increase of cell cycle
progression

g~ Cell cycle progression

~
// ‘\‘ \\
: [ \\\
\ AFF1 \
!

Hypothesis: activating CARM1 at

day 23 would re-initiate cell cycle
progress

Transcriptomics, Proteomics and Metabolic Changes in Postnatal Mouse Heart analyzed with IPA and OmicSoft

39



20009
880D
QIAGEN

Visualize the connections of important genes In fetal heart and
post-natal mouse heart

OmicSoft

Sample to Insight
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Expression of important genes in GTEX and connections to predictions

CARM1, PPARGCI1A, and PTGER2 expression profile in normal heart tissue or in blood

—— QIAGEN

Heatmap of Log2(FPKM+0.1) by Tissue

il

PPARGCI1A is enriched in heart

PPARGC1A

and predicted to be activated at day 23

CARMI1A is not enriched in heart and

down-regulated at day 23

CARM1

susn)

PTGERZ2 is not enriched in heart

PTGER2

and predicted to be inhibited at day 23

Tissue Detail Type

-4

[ Heart - Atrial Appendage

. Heart - Left Ventricle

W Whole Blood
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AHAMP-WS-9000-S24Z-X31D
XgHEE-WS-S000-DVCD-X31D
NQ60OS-WS-9000-OW3 L L-X3 LD
WBONS-WS-9000-ZZ1LZL-X31D
HZZ1S-WS-9000-ZXALL-X31D
MBISS-WS-920L-YMAZ-X3 1O
ABNTS-WS-G000-NZOEL-X3I LD
AdSIZ-WS-9000-YO30-X3 1D
M6E60G-WS-9000-6SMCL-XILO
AHGAP-WS-9000-DT16A-X3 LD
LYWNE-WS-9000-SAAM-X3 LD
AGHEE-WS-9000-DNOd-X3 1D
IV60S-WS-9000-HSV Y L-X3 1D
ILONS-WS-G000-98SEL-X3 1O
9ALMP-WS-1000-¥OIA-X3I 1O
3890€-WS-9000-18¥N-X31O
AV60S-WS-S000-MOML L-X3 LD
PHWHZ-WS-G000-OdPd-X31D
FLLLP-INS-9000-VIEA-XI 1O

Tissue Detail Type
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Dynamic correlation with CARM1 in fetal heart
COX5B is positively correlated with CARM1 and FTX is negatively correlated with CARML1.

:57 Dynamic Correlation RnaSeq_Transaript=>RnaSeq_Transaript 8 42 ,~_5.' Dynamic Correlation RnaSeq_Transaript=>RnaSeq_Transaript
lo Color by Tissue C OX5 B [ ] FTX Color by Tissue p

s e f
FAMSEC2P 0.8032 FAMSEC2P 75 L] 4 FTX 07110 FTX

PI16 08002 PI6 : €Coc47 07133 0COC47
PODXL 0.7905 PODXL PCA3 07158 PCA3
CPXM2 0.7858 CcPXM2 . ARFGEF2 07212 ARFGEF2
MOFI 0.7845 MDFI = = 38 " LOC100507117 07230 LOC100507.
ANGEL1 0.7767 ANGEL1 g 7 S PIEZO2 07297 PIEZ02
P2RYE 07634 P2RYE 2 I ABCAG 0732 ABCAS
DNM1P41 0.7485 DNM1P41 e z AK128013 07350 AK128013
PPP2R38 0.7425 PPP2RI8 = g i 5_85_RNA 07351 5_85_ANA
AXT4T3T6 0.7400 AX747376 o} & RHCG 07362 RHCG
EEFID 07337 EEFID 3 65 3 LRRCE6 0.7456 LRRCES
C2od81 0.7312 C2orf81 = = o . N4BP2L24T2 07473 N4BP2L24T2
PDE1B 0.7195 PDE1B 2 " g 34 . TRIM&4 07502 TRIM44
ELK3 07158 ELK3 g o @ SHa1 0.7506 skt
ZNF827 0.7144 ZNF827 5 6 . 8 KLKB1 07528 KLKB1
DYNLT1 0.7053 DYNLT1 Il - 2 POLR2B8 0.7528 POLRZE
GPR1378 0.7048 GPR1378 2 - s 5 32 o [ ] HTR28 0.753% HTR28
OR247 0.7046 OR2A7 8 < - - NUP210L 07537 NUP210L
EIF3F 0.7032 EIF3F T s - 5] - KIF168 07551 KIF168
CRHBP 0.7001 CRHEP & ™ - [ g INF77 0.7581 ZNFT7
Clod26 06%9 CTor26 < BH o3 LOC100506172 07615 LOC100506
KIAAT191 06962 KIAAT191 s a 2 = = SLC25A13 07631 SLC25A13
AES 0651 AES o - " [ - WFDC13 07639 WFDC13
CRIP2 06913 CRIP2 8 s x IPO8 Q7718 IPO8

TAZ 06302 TAZ o} - L 28 PFKFBI 07795 PFKFBI
PHF2 0.6868 PHF2 © FLJ&1941 0.7802 FLJ41941
PGAP3 06863 PGAP3 DOX24 07821 DDX24
BC033061 06850 BC033061 45 WNTSB 07898 WNTS8
EFNA1 06832 EFNA1 : 28 EVI28 0.7924 Eviz8

IRFS 06818 IRF5 = 1 MAP7D2 -0.8005 MAPTD2
LPCAT4 06786 LPCAT4 Cod66 08074 CSod66
KRTAP7-1 06763 KRTAP7:1 PITPNM3 08098 PITPNM3
COXs8 06748 COX58 4 24 RAN3P2 0813 RAN3P2
PET117 06746 PET117 28 28 3 32 34 36 38 4 26 28 3 32 34 36 3.8 4 |erD2 08249 GPD2
PMEPA1 06739 PMEPA1 CARM1 [RNA-Seq Gene Expression] (LOG2(FPKM+0.1)) CARM1 [RNA-Seq Gene Expression] (LOG2(FPKM+0.1)) YTHDC2 08320 YTHDC2
T8X6 06733 TBXE

COXB5B is correlated with CARML1 in fetal heart and is the terminal enzyme in the mitochondrial respiratory chain.
FTX is a long non-coding RNA is involved in cardiomyocyte apoptosis and is inversely correlated with CARML1.
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Dynamic correlation with CARML1 in post-natal heart

Laminin A is correlated positively with CARM1, TUGL1 is negatively correlated with CARML1 in adult heart.
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LMNA is correlated with CARML1 in adult heart and is important in structural scaffolding of nuclear lamina.
TUG1 is a long-non-coding RNA and is participating in hypoxia mechanism in myocardial injury involving
WNT pathway essential in heart development.
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Conclusion: Multi-omics analyses in postnatal mouse heart

e A potential transcriptional program with TFs (PPARGCI1A,
PPARGCI1B, etc.) is detected and drives the metabolism
switch in post-natal heart

® One master regulator, PTGER2, is predicted to be
inhibited at day 23, its activation could revert the arrest of
cell cycle in post-natal heart

® [our isoforms connected to heart development are
specifically down-regulated in post-natal heart (ALDH1A2-
201, BIRC5-201, CCNA2-201, E2F2-201)

® A common signature between post-natal mouse heart and
AML was detected, this signature indicates CARML1 as a
major player in cell cycle progression in post-natal heart

e CARM1 is correlated with important genes involved in
myocardial function or structure (COX5B, FTX, LMNA,
TUG1)

Sample to Insight
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Conclusion

Secondary analysis in Array Studio of RNAseq data
* Find differentially-expressed genes/transcripts

* Send the data to IPA

Biological interpretation of the whole transcriptome, proteome, and metabolome

* ldentify significantly differentially expressed isoforms and their association to post-natal mouse heart

* Generate novel regulatory networks as hypotheses suggesting drivers of the expression changes
observed in postnatal mouse hearrt.

* Compare this analysis across a repository of processed datasets from OmicSoft Lands (Analysis
Match)

° Visualize a specific gene of interest in OmicSoft Lands

Sample to Insight
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Customer support and additional resources

Sample to Insight

Contact us
via email or telephone

A response
within ONE business day

08:00 - 17:00 Pacific
08:00 - 13:00 GMT

Tel:

* Global: +1 (650) 381-5111

« US toll free: +1 (866) 464-3684

* Denmark toll free: +45 80 82 01 67
« German toll: +49 (0)341 33975301

Email:

AdvancedGenomicsSupport@qiagen.com

Websites:
www.giagenbioinformatics.com

http://tv.qiagenbioinformatics.com
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Resources

QIAGEN IPA

* IPA product info: https://digitalinsights.qgiagen.com/products-overview/discovery-insights-portfolio/analysis-and-visualization/giagen-ipa

* IPA Analysis Match: https://tv.giagenbioinformatics.com/video/37242337/exploring-ipas-analysis-match-an

« Land Explorer: https:/digitalinsights.giagen.com/products-overview/discovery-insights-portfolio/content-exploration-and-databases/giagen-omicsoft-land-explorer/

» Coronavirus Network Explorer: https://digitalinsights.qgiagen.com/coronavirus-network-explorer/

QIAGEN OmicSoft:

* Product Info: https://digitalinsights.giagen.com/products-overview/discovery-insights-portfolio/giagen-omicsoft/

QIAGEN CLC Genomics

* Product info: https://digitalinsights.giagen.com/products-overview/analysis-and-visualization/giagen-clc-genomics-workbench/

Sample to Insight
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QIAGEN expands integrated coronavirus NGS and software solutions to accelerate COVID-19 research

e OlAseq SARS-CoV-2 Primer Panel converts viral RNA samples into libraries ready for sequencing

« OIAGEN Digital Insights solutions support COVID-19 druqg, vaccine and epidemiology research

« For an overview of QIAGEN'’s coronavirus testing solutions, please visit http://www.giagen.com/coronavirus.

« To explore QIAGEN’s NGS-specific solutions for COVID-19 research, please visit https://go.giagen.com/CoronavirusNGS

» For details of QIAGEN’s SARS-CoV-2 Whole Genome Sequencing Service, please
visit https://www.giagen.com/applications/genomic-services/sars-cov-2-whole-genome-seguencing-services

Sample to Insight
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Customer support and additional resources

Contact us via email or telephone

A response within ONE business day

08:00 - 17:00 Pacific
08:00 - 13:00 GMT

Sample to Insight

Telephone:

 Global: +1 (650) 381-5111

« US toll free: +1 (866) 464-3684

* Denmark toll free: +45 80 82 01 67
« German toll: +49 (0)341 33975301

Email:

ts-bioinformatics@aqiagen.com

Websites:

https://digitalinsights.giagen.com/

http://tv.giagenbioinformatics.com
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