
Differentially expressed 
genes within the PI3K-AKT 
signaling pathway:
 
FDR <=0.05, abs(LFC)>=1

Genes that 
decrease in 
expression with 
DMSO treatment

earlyG1

lateG1

SG2M

Genes that 
increase in 
expression with 
DMSO treatment

earlyG1

lateG1

SG2M

1



Number of differentially expressed genes in 
DMSO treated vs control samples 

FDR <=0.05, abs(LFC)>=1
(RNA-seq assay) 

Higher 
expression in 
DMSO samples 

Higher 
expression in 
control samples

793
516

833
1647

509
440

Number of differentially accessible genome regions  in 
DMSO treated vs control samples 

FDR <=0.05, abs(LFC)>=1
(ATAC-seq assay) 

Greater 
accessibility in 
DMSO samples

Greater 
accessbility in 
control samples

261
312

269
323

264
324



Upregulated in 
earlyG1

Upregulated in 
lateG1

Upregulated in 
SG2M

Control # of 
differentially 
expressed genes

440 1647 516

DMSO # of 
differentially 
expressed genes

509 833 793

Upregulated in 
earlyG1

Upregulated in 
lateG1

Upregulated in 
SG2M

Control 
# of differentially 

accessible genomic 
regions 

312 324 323

DMSO 
# of differentially 

accessible genomic 
regions

261 264 269
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Differentially expressed genes Differentially accessible chromatin regions



Differentially expressed genes



Differentially accessible chromatin regions 





Clustering of differential genes via Dirichlet process Gaussian process mixture model1 
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1. https://www.biorxiv.org/content/early/2017/04/26/131151
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Clustering of differential genes via Dirichlet process Gaussian process mixture model1 

1. https://www.biorxiv.org/content/early/2017/04/26/131151
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GO Term FDR q-value

Phosphoprotein 3.90e-8

Integral component of 
plasma membrane

9.85e-4

Cell surface 1.53e-3

Extracellular matrix 1.49e-2

Sodium ion binding 1.69e-2

I band 3.96e-2

Genes upregulated with 
DMSO treatment at each 
phase of the cell cycle



Clustering of differential genes via Dirichlet process Gaussian process mixture model1 
E

xp
re

ss
io

n 
up

 in
 

D
M

S
O

 s
am

pl
es

c.
ea

rly
G

1

c.
la

te
G

1 

 c.
S

G
2M

 

D
.e

ar
ly

G
1

D
.la

te
G

1

D
.S

G
2M

1. https://www.biorxiv.org/content/early/2017/04/26/131151

Genes upregulated with DMSO 
treatment at earlyG1 phase of the 
cell cycle

GO Term FDR q-value

Plasma membrane 7.9e-3



Clustering of differential genes via Dirichlet process Gaussian process mixture model1 
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1. https://www.biorxiv.org/content/early/2017/04/26/131151

Genes upregulated with DMSO 
treatment at lateG1 phase of the 
cell cycle

GO Term FDR q-value

Glycoprotein 1.5e-5

Signal peptide 1.2e-4

Extracellular 
topological domain

1.6e-4

Neuroactive 
ligand-receptor 
interaction

2.0e-3

Transmembrane 
signaling receptor 
activity

8.7e-3

Signaling receptor 
activity

2.54e-2

G-protein coupled 
receptor activity

1.65e-2



Clustering of differential genes via Dirichlet process Gaussian process mixture model1 
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1. https://www.biorxiv.org/content/early/2017/04/26/131151

Genes upregulated with DMSO 
treatment at SG2M phase of the 
cell cycle

GO Term FDR q-value

Glycosylation sites 1.40e-7

Signal peptide 3.3e-6

Disulfide bond 3.0e-4

Detection of chemical 
stimulus involved in sensory 
perception

4.17e-3

Signaling 3.6e-3

Transmembrane region 4.9e-3

G-protein coupled receptor 
signaling pathway

3.41e-2



Clustering of differential genes via Dirichlet process Gaussian process mixture model1 
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1. https://www.biorxiv.org/content/early/2017/04/26/131151
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Genes downregulated 
with DMSO treatment at 
each phase of the cell 
cycle

GO Term FDR q-value

Alternative splicing 4.2e-5

Cytoplasm 1.1e-2

Protein binding 1.6e-2

Centrosome 1.8e-2

Phosphoprotein 4.6e-2



Clustering of differential genes via Dirichlet process Gaussian process mixture model1 

1. https://www.biorxiv.org/content/early/2017/04/26/131151

c.
ea

rly
G

1

c.
la

te
G

1 

 c.
S

G
2M

 

D
.e

ar
ly

G
1

D
.la

te
G

1

D
.S

G
2M

E
xp

re
ss

io
n 

do
w

n 
in

 
D

M
S

O
 s

am
pl

es

Genes downregulated 
with DMSO treatment in 
earlyG1 phase of the cell 
cycle

GO Term FDR q-value

Cytosol 5.2e-4

Acetylation 8.7e-3

Alternative initiation 7.0e-2



Clustering of differential genes via Dirichlet process Gaussian process mixture model1 

1. https://www.biorxiv.org/content/early/2017/04/26/131151
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Genes downregulated 
with DMSO treatment in 
the lateG1 phase of the 
cell cycle

GO Term FDR q-value

Transcription 
regulator SCAN

2.9e-3

Alternative splicing 7.4e-3

Metabolic pathways 8.5e-3

SCAN box domain 2.4e-2



Clustering of differentially accessible genomic regions  via Dirichlet process Gaussian process mixture model1 

1. https://www.biorxiv.org/content/early/2017/04/26/131151
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Per-cluster chromatin state distribution from 15-state ChromHMM Model
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Peak-gene associations within ATAC-seq data clusters: Differential genes with strong peak associations 
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cluster_1 Pathway Differentially expressed genes on pathway with peaks 
associations in cluster

Cilium Assembly 1, C IFT22, IFT80

GPCR ligand binding OR2A7, UTS2, LPAR3, EDN1

PI3K-AKT signaling pathway CSF1, ITGA9, MYB, PCK2, TNC, EGF2

Wnt signaling pathway ACTA1, PCDH7, SIAH2, GNA14, GNG2

VEGFR signaling pathway CAV1, FGF2



ATAC-seq browser tracks for differentially expressed genes along the PI3K-AKT signaing pathway



ATAC-seq peaks for PI3K  and AKT genes



Quiescent ?????? why so many? 



ATAC-seq peaks for PI3K receptors: PI3KR1, PI3KR3



Peak-gene associations within ATAC-seq data clusters: Differential genes with strong peak associations 
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cluster_2 Pathway Differentially expressed genes on 
pathway with peaks associations in 
cluster

Cilium assembly SFI1

Circadian entrainment RASD1

Gastrin-CREB signaling pathway NTS

VEGFR signaling KITLG, PSMB9

Signaling mediated by p38-gamma and p38-delta(N) MAPK13



Peak-gene associations within ATAC-seq data clusters: Differential genes with strong peak associations 
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cluster_3
Pathway Differentially expressed genes on pathway with peaks 

associations in cluster

Wnt signaling pathway WNT10A,ACTA1

PI3K-AKT signaling pathway ITGA9

Circadian entrainment RASD1

Cilium assembly DYNC2LI1



Peak-gene associations within ATAC-seq data clusters: Differential genes with strong peak associations 
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cluster_4 Pathway Differentially expressed genes on pathway with peaks associations in 
cluster

Cilium assembly ODF2

ER to golgi anterograde transport GOLGA2

GPCR ligand binding OR2A7, ACKR3, ANXA1, FZD5

Interleukin signaling pathway IL6

VEGFR signaling pathway CAV1

TNF signaling pathway JUNB

WNT signaling pathway CER1, FZD5, PCDH10, GNA14





Motifs enriched in enhancer peaks 



Motifs enriched in active TSS 



Motifs enriched in Transcription peaks 



Chromatin State Distribution QC 
-- Why are most peaks in the quiescent state, and why are we seeing so many 
motif hits in these peaks? 





10-mark model https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3088773/figure/F1/





Peaks from 15-state Quiescent state, as determined by 10-mark model
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25 state model based on 12 marks 
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50 state model based on 29 marks 





H3K27me3 ??? 

But that is not 

showing up in 25 

state model, which 

also measures 

H3K27me3 



Expanding peaks by a flank of 400 bp and assigning 
peaks that overlap both enhancer & quiescent state 
to enhancer state 









75 peaks appear completely in quiescent state in 50-state model, 25-state model, 10-factor model, and 
15-state model. 

● earlyG1 up: 31
● earlyG1 down: 38
● lateG1 up: 31
● lateG1 down: 38
● SG2M up: 34 
● SG2M down: 42

These seem to be associated with a drop in chromatin accessibility with DMSO treatment. 
There appears to be a weak increase in H3K27me3 binding with DMSO treatment in these regions. 
Homer results for the 75 peaks suggest that most have a Sox motif -- no Chip-seq data is available to verify 
though. 

Relevant article about role of Sox2,Sox3,Sox11 in neuron differentiation: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3243056/



Clustering Version 2















108 differential ZNF genes


