A comprehensive integrative analysis of the transcriptional

network underlying the zebrafish heart regeneration
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Background

Myocardial infarction causes Irreparable
damage to human heart, increasing risk
of premature death and cardiac
malfunction.

Remarkably, adult zebrafish achieves
complete regeneration of heart following
cryoinjury.

Objective

to characterize the transcriptional
network of the zebrafish heart

regeneration and underlying regulatory
mechanisms

The data

Microarray data from zebrafish cryoinjury
model, containing 6 post-cryoinjury time
points and 3 different Sham samples.
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Network construction

Correlation between gene expression
profiles was determined by Pearson’s
correlation coefficient.

Each Pearson correlation value was
transformed into adjacency value by
soft-thresholding, resulting In weighted
gene co-expression network.
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Dynamic visualization of
gene expression patterns

14 dpi - 90 dpi

Nodes correspond to genes with colors indicating differential expression. Up-regulation is
shown in gradation of red, down-regulation — in gradation of blue color. The edges deno
correlation between the genes. Hpi indicates hour post injury; dpi, day post injury.

Module detection

A module 1s a group of densely
Interconnected nodes of the network.

Dynamic Hybrid algorithm (Langfelder
and Horvath, 2008) detected 17
modules.

ClusterONE (Nepusz et al.,
detected 11 modules.

Jaccard Similarity between the Detected Modules by Two Different Approaches

2012)

_ Module 1B

0.154 0 0.034 0 0 0 0 1] 0 0 0 0 0 0 0 0
491 genes

Module 2B

497 genes 0.15 0 0.131 0 0 0 0 0 0 0 0 0 0 0 0 0

Module 3B

490 genes 0.139 0 0.255 0 0.004 0 0.004 0 0 0 0.004 0 0 0 0 0

Module 4B
451 genes

=
[=2]

0.063 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Module 5B

423 genes 0127 0154 0 0174 0 0 0 0.108 0 0 0.002  0.004 0 0 0 0.013 0

0.008 . 0 0 0 0 0 0

0 0 0.37 0 0.12 0 0.0 0 0.076  0.002 0 0 0 0 0 0 0

Module 6B
69 genes

A

0.000  0.008 0 0 0.003 0.003 0 0 0

=
.

Xapul Alejiwis pieader

Maodule 7B
323 genes

ClusterONE modules

Module 8B

14 genes 0 0 0 0 0 0 0.073 0 0 0 0 0 0 0 0 0 0

I
=]
%]

Module 9B

0 0 0.268 0 0.07 0 0 0 0.223 0.085 0 0 0 0.025 0 0 0.003
308 genes

0 0 - 0 0.071 0 0 0 0168 0.003 0 0 0 0 0 0 0
—-0

0 0 0 0 0 0 0.037 0 0 0 0 0 0

F, &, AT &F o, F, FoOF & F O F., F. A
B G B S TS T T T T g T s
TpT Ve VT WU Wep© W7 N@” W et QR R N @ T e X 5
\ )

Y
Dynamic Hybrid algorithm modules

Maodule 10B
270 genes

~Module 11B
B genes

Functional enrichment of
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The prediction of functional enrichment was obtained by Integrative Multi-species Prediction
(IMP) database. The horizontal axes of the figure denote the —log,,(adjusted p-value). The p-
values were multiple test corrected by controlling FDR rate. The significance threshold for é
the results is presented by the red dashed line.

Dynamic expression
patterns are linked to
specific functionality

amino acid and metabolic product degradation
regulation of ribosome biogenesis and glycolysis/gluconeogenesis

signaling pathways involved incell growth, cytoskeletal
reorganization, and activation of protein kinases

signaling pathways mediated by growth factor receptors,

Wnt receptor signaling pathway interleukins, hormones, syndecans and integrins

Hedgehog signaling pathway invelved in heart development BMP signaling pathway

signaling pathways mediated by chemokine receptors, Notch signaling pathway

interleukins and growth factor receptors signaling events regulating cell cycle, cellular migration,

o adhesion, proliferaticn, differentiation and apoptosis
insulin signaling pathways

signaling involved in candiac vessel formation, cell pathway requlating cellular and systemic responses to hypoxia

growth, preliferation and differentiation thrombin signaling events

signaling events regulating cell migration, motility,
integrin-mediating adhesion and apoptosis

Trk receptor signaling mediated by the MAPK pathway, PI3K
and PLC-qamma
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Regulatory hub genes

Hub genes — are potential key regulators of
behavior of the modules and global
network.

Top 10 annotated hub genes detected by wiPER. The WNC score stands for a
weighted node connectivity score. p-values were adjusted by Bonferroni correction.
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Score
small cell lung cancer;
gene A 1A, 1B, 2B, 3B, 4B, 5B 384 .71 0 rheumatoid arthritis;
autoimmune disorders
end of fetal development;
gene B 1A, 1B, 2B, 4B, 5B 366.34 0 hemophagocytic
lymphohistiocytosis
gene C 1A, 1B, 2B, 3B, 4B, 5B 364 .89 0 pulmonary tuberculosis
prostate cancer; intravascular
gene D 1A, 1B, 2B, 3B, 4B, 5B 362 85 0 therosclerosis
geneE | 1A 1B 2B.3B 4B 5B | 360.68 0 Aais s dlsemes
schizophrenia
at stage of brain development;
gene F 3A, ,?EEE’ ‘5‘%;[!&; 1B, 35715 0 colorectal cancer; basal and
! ’ squamous cell cancers
heart regeneration; heart
gene G 2A, 4B, 5B 351.19 0 response to chronic constant
hypoxia
heart response to chronic
gene H 1A, 1B, 2B, 3B, 4B, 5B 341.01 0 constant hypoxia; head, neck,
lung squamous cell carcinoma
gene | 1A, 1B, 2B, 3B, 4B, 5B 339.10 0 -
geneJ | 1A, 1B, 2B, 3B, 4B, 5B 335.90 0 - 8

Conclusions

Two clustering methods are

complementary and give biologically
meaningful modules.

Among the top hub genes, there are
potential key drivers of heart

regeneration Process.

Specific regeneration steps and
processes are distinguished with

dynamic gene expression patterns.
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