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Outline

Overview of RNA-seq samples

Wing compartments
Decomposing the variation of gene expression across time and
space

Gene sets with high variation across space
Gene sets with high variation across time

Differential gene expression - EdgeR
Space-specific genes - pairwise comparison of wing compartments



Outline

Overview of RNA-seq samples

Wing compartments



Overview of processed RNA-seq samples
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PCA - selected replicates

17158 genes 13920 protein-coding genes
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Clustering by gene expression
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Clustering by gene expression - protein-coding
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PCA wing compartments

●

●
●●

●

●

●

● ●
●

●

●

−100

−50

0

50

−100 −50 0 50 100
PC1 (29.64%)

P
C

2 
(1

4.
71

%
)

cell
●
●
●
●
●
●

anterior
dorsal
nub
posterior
trypsin_disc
ventral

age
● L3

white pupa



clustering by gene expression - wing compartments
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Outline

Overview of RNA-seq samples

Wing compartments
Decomposing the variation of gene expression across time and
space

Gene sets with high variation across space
Gene sets with high variation across time

Differential gene expression - EdgeR



Decomposing the variation of gene expression across

time and space
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 (p_r=−0.52; s_r=−0.51)

395
genes

608
genes

Average
contribution:
Cell 32%
Age 24%
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Residuals 28%
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Decomposing the variation of gene expression across

time and space
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Outline

Overview of RNA-seq samples

Wing compartments
Decomposing the variation of gene expression across time and
space

Gene sets with high variation across space
Gene sets with high variation across time

Differential gene expression - EdgeR



Gene sets with high variation across space
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 (p_r=−0.52; s_r=−0.51)

395
genes

608
genes

Average
contribution:
Cell 32%
Age 24%
Cell*Age 16%
Residuals 28%

Biotype
mRNA
ncRNA

GO terms
GO terms (wing, imaginal disc,
development)
No GO terms

WWP.2
WWP.3
WL3.3
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vWL3.1
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Decomposing the variation of gene expression across

space

topCellGenes = 608 genes

WWP.2
WWP.3
WL3.3
WL3.4

dWL3.1
dWL3.2

dWWP.1
dWWP.2
vWL3.1
vWL3.2

vWWP.2
vWWP.3
pWL3.1
pWL3.2

pWWP.1
pWWP.2
aWL3.1
aWL3.2

aWWP.1
aWWP.2

−3 −2 −1 0 1 2

value
ce

ll

ag
e

cell
anterior
dorsal
nub
posterior
ventral

age
L3
white pupa

KEGGID Pvalue Term
- - -

Pvalue BP
2e-13 tube development
2e-10 tissue morphogenesis
2e-10 digestive system development
3e-10 epithelial tube morphogenesis
2e-09 regulation of transcription, DNA-templated
2e-09 regulation of RNA biosynthetic process
2e-09 appendage morphogenesis
3e-09 regulation of biosynthetic process

8e-09
nucleobase-containing compound biosyn-
thetic process

...

9e-09
imaginal disc-derived appendage develop-
ment

3e-07 imaginal disc pattern formation
3e-06 wing disc development
9e-06 imaginal disc-derived wing morphogenesis
2e-05 imaginal disc-derived leg segmentation
3e-05 wing disc anterior/posterior pattern formation

Pvalue CC
3e-05 mitochondrial membrane part

Pvalue MF

1e-15
sequence-specific DNA binding transcription
factor activity

1e-07 sequence-specific DNA binding

1e-06
RNA polymerase II distal enhancer sequence-
specific DNA binding transcription factor activ-
ity

1e-06 oxidoreductase activity
5e-05 fibroblast growth factor receptor binding



Gene sets with high variation across space

topCellGenes = 2248 genes
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Decomposing the variation of gene expression across

space

topCellGenes = 2248 genes

WL3.3
WL3.4

WWP.2
WWP.3
dWL3.1
dWL3.2

dWWP.1
dWWP.2
vWL3.1
vWL3.2

vWWP.2
vWWP.3
pWL3.1
pWL3.2

pWWP.1
pWWP.2
aWWP.1
aWWP.2
aWL3.1
aWL3.2

−4 −2 0 2

value
ce

ll

ag
e

cell
anterior
dorsal
nub
posterior
ventral

age
L3
white pupa

KEGGID Pvalue Term
00190 3.8e-13 Oxidative phosphorylation
03010 6.9e-12 Ribosome
03050 2.2e-11 Proteasome

Pvalue BP
4e-20 energy derivation by oxidation of organic compounds
2e-18 purine ribonucleoside triphosphate metabolic process
6e-18 nucleoside triphosphate metabolic process
...
2e-10 imaginal disc-derived appendage development
1e-08 imaginal disc-derived wing morphogenesis
6e-08 wing disc development
3e-06 proximal/distal pattern formation, imaginal disc
8e-06 imaginal disc morphogenesis

Pvalue Term MF
2e-16 structural constituent of ribosome
3e-13 oxidoreductase activity
1e-09 NADH dehydrogenase activity
6e-09 hydrogen ion transmembrane transporter activity
4e-08 NADH dehydrogenase (ubiquinone) activity

4e-08
oxidoreductase activity, acting on NAD(P)H, quinone or
similar compound as acceptor

2e-07 sequence-specific DNA binding transcription factor activity
8e-07 glutathione transferase activity
5e-06 threonine-type endopeptidase activity

Pvalue Term CC
2e-16 cytoplasm
2e-16 ribosomal subunit
8e-16 organelle inner membrane
5e-15 mitochondrion
3e-12 mitochondrial respiratory chain complex I
3e-12 NADH dehydrogenase complex
3e-12 mitochondrial membrane
4e-11 cytosol
2e-10 proteasome accessory complex



Outline

Overview of RNA-seq samples

Wing compartments
Decomposing the variation of gene expression across time and
space

Gene sets with high variation across space
Gene sets with high variation across time

Differential gene expression - EdgeR



Gene sets with high variation across time
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Variance decomposition

topAgeGenes = 395 genes, cluster 1 = 239

genes
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KEGGID Pvalue Term
03030 8.8323e-12 DNA replication
03430 5.4271e-10 Mismatch repair
03420 3.5912e-05 Nucleotide excision repair

Pvalue BP
4e-21 cell cycle
9e-16 DNA conformation change
6e-15 sister chromatid segregation

1e-14
nucleobase-containing compound metabolic
process

1e-12 DNA replication initiation
2e-12 DNA-dependent DNA replication
2e-12 nitrogen compound metabolic process
1e-11 microtubule cytoskeleton organization
1e-11 mitotic chromosome condensation
Pvalue CC
1e-17 nucleus
5e-15 nuclear lumen
6e-15 intracellular
7e-13 chromosome
7e-13 MCM complex
8e-12 organelle lumen
1e-11 membrane-bounded organelle
1e-11 cell
3e-11 nuclear pre-replicative complex

Pvalue MF
7e-12 chromatin binding
5e-11 microtubule binding
5e-11 pyrophosphatase activity
8e-11 hydrolase activity, acting on acid anhydrides
1e-10 3’-5’ DNA helicase activity
2e-10 macromolecular complex binding
2e-10 adenyl nucleotide binding
3e-10 DNA binding
7e-10 ATP binding



modEncode for cluster1 - GO selected terms
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modEncode for cluster1 - no GO terms
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Variance decomposition

topAgeGenes = 395 genes, cluster 2 = 156 genes
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KEGGID Pvalue Term
00260 0.0003 Glycine, serine and threonine metabolism

Pvalue BP
7e-08 post-embryonic organ development
2e-07 tube morphogenesis
7e-07 instar larval or pupal development
1e-06 ecdysteroid metabolic process
2e-06 imaginal disc morphogenesis
3e-06 morphogenesis of an epithelium
8e-06 imaginal disc-derived wing morphogenesis
1e-05 post-embryonic morphogenesis
1e-05 appendage morphogenesis

Pvalue CC
7e-05 endoplasmic reticulum
8e-05 Sec61 translocon complex
1e-04 cell periphery
2e-04 membrane
3e-04 rough endoplasmic reticulum membrane

Pvalue MF
5e-07 choline dehydrogenase activity
4e-05 flavin adenine dinucleotide binding

2e-04
Rho guanyl-nucleotide exchange factor activ-
ity



modEncode for cluster2 - GO selected terms

Blimp.1.mRNA.FBgn0035625
ImpE3.mRNA.FBgn0001255

cib.mRNA.FBgn0026084
CG11382.mRNA.FBgn0040367

ck.mRNA.FBgn0000317
rt.mRNA.FBgn0003292

Papss.mRNA.FBgn0020389
sha.mRNA.FBgn0003382
dy.mRNA.FBgn0004511

Fkbp14.mRNA.FBgn0010470
ogre.mRNA.FBgn0004646

betaTub60D.mRNA.FBgn0003888
Pvr.mRNA.FBgn0032006
ect.mRNA.FBgn0000451
m.mRNA.FBgn0002577

ImpE1.mRNA.FBgn0001253
Sb.mRNA.FBgn0003319

bbg.mRNA.FBgn0087007
tal.1A.mRNA.FBgn0259730
Pdk1.mRNA.FBgn0020386
Acer.mRNA.FBgn0016122
aay.mRNA.FBgn0023129
Hdc.mRNA.FBgn0005619

CG43340.mRNA.FBgn0263077
slow.mRNA.FBgn0035539

GEFmeso.mRNA.FBgn0050115
vri.mRNA.FBgn0016076

Mmp2.mRNA.FBgn0033438
Xbp1.mRNA.FBgn0021872
Hr46.mRNA.FBgn0000448

e.mRNA.FBgn0000527
RhoGEF64C.mRNA.FBgn0035574

CG31145.mRNA.FBgn0051145
Karl.mRNA.FBgn0030334

tx.mRNA.FBgn0263118

01
_e

m
br

yo
;0

0−
02

hr
01

_e
m

br
yo

;0
2−

04
hr

01
_e

m
br

yo
;0

4−
06

hr
01

_e
m

br
yo

;0
6−

08
hr

01
_e

m
br

yo
;0

8−
10

hr
01

_e
m

br
yo

;1
0−

12
hr

01
_e

m
br

yo
;1

2−
14

hr
01

_e
m

br
yo

;1
4−

16
hr

01
_e

m
br

yo
;1

6−
18

hr
01

_e
m

br
yo

;1
8−

20
hr

01
_e

m
br

yo
;2

0−
22

hr
01

_e
m

br
yo

;2
2−

24
hr

02
_l

ar
va

e;
L1

02
_l

ar
va

e;
L2

02
_l

ar
va

e;
L3

_1
2h

r
02

_l
ar

va
e;

L3
_P

S
1−

2
02

_l
ar

va
e;

L3
_P

S
3−

6
02

_l
ar

va
e;

L3
_P

S
7−

9
03

_W
P

P
;P

0
04

_W
W

P
;P

05
04

_W
W

P
;P

06
04

_W
W

P
;P

08
04

_W
W

P
;P

09
−

10
04

_W
W

P
;P

15
05

_a
du

ltF
;E

cl
_0

1d
ay

s
05

_a
du

ltF
;E

cl
_0

5d
ay

s
05

_a
du

ltF
;E

cl
_3

0d
ay

s
05

_a
du

ltM
;E

cl
_0

1d
ay

s
05

_a
du

ltM
;E

cl
_0

5d
ay

s
05

_a
du

ltM
;E

cl
_3

0d
ay

s

−5.0 −2.5 0.0 2.5

value

stages

stages
01_embryo
02_larvae
03_WPP
04_WWP
05_adultF
05_adultM



modEncode for cluster2 - no GO terms
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Gene sets with high variation across time

topAgeGenes = 1765 genes
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 (p_r=−0.52; s_r=−0.51)

1765
genes

2247
genes

Average
contribution:
Cell 32%
Age 24%
Residuals 44%

Biotype Cluster1 Cluster2
mRNA
ncRNA

GO terms
GO terms (wing, imaginal disc,
development)
No GO terms

aWWP.2
pWWP.1

WWP.2
WWP.3

dWWP.1
dWWP.2
vWWP.2
aWWP.1
pWWP.2
vWWP.3

WL3.3
WL3.4

dWL3.1
dWL3.2
vWL3.1
vWL3.2
pWL3.1
pWL3.2
aWL3.1
aWL3.2

−2 0 2

value

ce
ll

ag
e

cell
anterior
dorsal
nub
posterior
ventral

age
L3
white pupa



Gene sets with high variation across time

topAgeGenes = 1765 genes, cluster 1 = 1214

genes

WL3.3
aWL3.1
aWL3.2
vWL3.2
dWL3.1
dWL3.2
pWL3.1
pWL3.2
vWL3.1
WL3.4

WWP.2
aWWP.2
pWWP.1
aWWP.1
vWWP.3
WWP.3

dWWP.1
pWWP.2
dWWP.2
vWWP.2

−2 0 2

value

ce
ll

ag
e

cell
anterior
dorsal
nub
posterior
ventral

age
L3
white pupa

KEGGID Pvalue Term
3030 2.3e-21 DNA replication
03008 6.9e-12 Ribosome biogenesis in eukaryotes
03430 3.3e-10 Mismatch repair
03420 1.4e-09 Nucleotide excision repair
00240 1.3e-05 Pyrimidine metabolism
03013 1.4e-05 RNA transport

Pvalue BP
5e-57 nucleic acid metabolic process
6e-52 heterocycle metabolic process

2e-50
cellular aromatic compound metabolic pro-
cess

1e-47 cellular nitrogen compound metabolic process
2e-47 organic cyclic compound metabolic process
1e-32 cellular process
4e-30 neurogenesis
3e-26 cellular developmental process
1e-23 cellular response to stress

Pvalue Term
1e-24 DNA binding
2e-23 adenyl nucleotide binding
5e-23 ATP binding
1e-22 purine NTP-dependent helicase activity
4e-21 ribonucleoside binding
5e-20 purine nucleoside binding
5e-20 purine ribonucleotide binding
2e-19 nucleotide binding
9e-17 pyrophosphatase activity

Pvalue Term
2e-46 intracellular organelle
1e-40 intracellular
2e-39 nuclear lumen
8e-39 organelle lumen
5e-38 membrane-bounded organelle
7e-33 non-membrane-bounded organelle
2e-26 cell
1e-24 chromosome
2e-22 nucleus



modEncode for cluster1 - GO selected terms



modEncode for cluster1 - no GO terms



Gene sets with high variation across time

topAgeGenes = 1765 genes, cluster 2 = 551 genes

pWWP.2
vWWP.3
pWWP.1
aWWP.1
aWWP.2

WWP.2
WWP.3

dWWP.1
dWWP.2
vWWP.2

WL3.4
aWL3.1

WL3.3
pWL3.1
pWL3.2
dWL3.1
dWL3.2
aWL3.2
vWL3.1
vWL3.2

−2 0 2

value

ce
ll

ag
e

cell
anterior
dorsal
nub
posterior
ventral

age
L3
white pupa

KEGGID Pvalue Term
03060 7.3e-09 Protein export
04141 1.6e-08 Protein processing in endoplasmic reticulum

Pvalue BP
3e-10 protein targeting to membrane
3e-10 post-embryonic organ development
6e-10 instar larval or pupal development
6e-10 imaginal disc morphogenesis
6e-10 single-multicellular organism process
8e-10 post-embryonic morphogenesis
1e-09 morphogenesis of an epithelium

4e-09
establishment of protein localization to endo-
plasmic reticulum

5e-09 developmental process

Pvalue Term
2e-08 choline dehydrogenase activity
6e-06 transporter activity
5e-05 signal sequence binding

7e-05
organophosphate ester transmembrane trans-
porter activity

Pvalue Term
4e-11 rough endoplasmic reticulum membrane
2e-10 endoplasmic reticulum part
8e-09 apical part of cell
1e-07 Sec61 translocon complex
3e-07 endoplasmic reticulum

3e-07
nuclear outer membrane-endoplasmic reticu-
lum membrane network

4e-07 bounding membrane of organelle
5e-07 Golgi apparatus
1e-06 integral component of membrane



modEncode for cluster2 - GO selected terms



modEncode for cluster2 - no GO terms



Gene sets with high variation across time and space

topCell*AgeGenes = 19 genes

pWWP.1
pWWP.2
dWL3.1
dWL3.2
WWP.2
WWP.3
vWL3.1
vWL3.2

vWWP.2
vWWP.3
pWL3.1
pWL3.2
aWL3.1
aWL3.2

dWWP.1
dWWP.2

WL3.3
WL3.4

aWWP.1
aWWP.2

−1 0 1 2

value

ce
ll

ag
e

cell
anterior
dorsal
nub
posterior
ventral

age
L3
white pupa

KEGGID Pvalue Term
- - -

Pvalue BP
0.002 fatty acid metabolic process
0.002 cuticle hydrocarbon biosynthetic process
Pvalue MF
8e-04 phytanoyl-CoA dioxygenase activity



Outline

Overview of RNA-seq samples

Wing compartments
Decomposing the variation of gene expression across time and
space
Differential gene expression - EdgeR

Space-specific genes - pairwise comparison of wing compartments



EdgeR - design matrix

allCompartments A/P
anterior.L3 anterior.L3
anterior.white pupa anterior.white pupa
dorsal.L3 posterior.L3
dorsal.white pupa posterior.white pupa
nub.L3
nub.white pupa
posterior.L3
posterior.white pupa
ventral.L3
ventral.white pupa

Contrasts space
anterior.L3 vs posterior.L3 1
anterior.white pupa vs posterior.white pupa 1
anterior.L3 vs anterior.white pupa 0
posterior.L3 vs posterior.white pupa 0
anterior.L3 vs posterior.white pupa ?
anterior.white pupa vs posterior.L3 ?



Contrasts space
anterior.L3 vs posterior.L3 1
anterior.white pupa vs posterior.white pupa 1
anterior.L3 vs anterior.white pupa 0
posterior.L3 vs posterior.white pupa 0
anterior.L3 vs posterior.white pupa ?
anterior.white pupa vs posterior.L3 ?

Contrasts space
anterior.L3 vs posterior.L3 1 1 1 1
anterior.WP vs posterior.WP 1 1 1 1
anterior.L3 vs anterior.WP 0 0 0 0
posterior.L3 vs posterior.WP 0 0 0 0
anterior.L3 vs posterior.WP 0 1 0 1
anterior.WP vs posterior.L3 0 0 1 1

number of genes 0 2 9 33



anterior vs posterior - space-specific genes = 44

pWL3.1
pWL3.2

pWWP.1
pWWP.2
aWWP.2
aWWP.1
aWL3.1
aWL3.2

−1 0 1

value

ce
ll

ag
e

cell
anterior
posterior

age
L3
white pupa

Cluster 1 Cluster 2

aWWP.2
vWWP.2
vWWP.3
dWL3.1
dWL3.2

dWWP.1
dWWP.2
vWL3.1
vWL3.2

aWWP.1
aWL3.1
aWL3.2
pWL3.1
pWL3.2

pWWP.1
pWWP.2

WWP.3
WL3.3
WL3.4

WWP.2

−2 −1 0 1 2

value

ce
ll

ag
e

cell
anterior
dorsal
nub
posterior
ventral

age
L3
white pupa

Cluster 2 Cluster 1

Biotype Cluster1 Cluster2
mRNA 13 30
ncRNA 0 1

GO terms 13 27
GO terms (wing, anterior, poste-
rior, imaginal disc, development)

9 14

Pvalue Term BP - Cluster1
2e-07 wing disc anterior/posterior pattern formation
1e-06 anterior commissure morphogenesis
1e-06 forebrain development

8e-06
anterior/posterior lineage restriction, imaginal
disc

2e-05 compartment pattern specification
2e-05 analia development
2e-05 central nervous system neuron axonogenesis
3e-05 imaginal disc-derived wing vein specification
3e-05 central nervous system neuron differentiation

Pvalue Term BP - Cluster2
2e-07 cell adhesion
4e-07 cell morphogenesis involved in differentiation
2e-06 multicellular organismal development
5e-06 generation of neurons
6e-06 neuron development
1e-05 neuron projection guidance
2e-05 cell projection morphogenesis
3e-05 axonogenesis
4e-05 cellular component morphogenesis



modEncode for cluster1
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modEncode for cluster2

CG9650.mRNA.FBgn0029939
Ama.mRNA.FBgn0000071

ci.mRNA.FBgn0004859
Traf4.mRNA.FBgn0026319

CG40006.mRNA.FBgn0058006
Mal.A5.mRNA.FBgn0050359

NoGO.CG13023.mRNA.FBgn0036677
NoGO.pncr002.3R.ncRNA.FBgn0063127

TwdlT.mRNA.FBgn0029170
CG42598.mRNA.FBgn0260997
CG30438.mRNA.FBgn0050438

mspo.mRNA.FBgn0020269
BM.40.SPARC.mRNA.FBgn0026562
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Outline

Overview of RNA-seq samples

Wing compartments
Decomposing the variation of gene expression across time and
space
Differential gene expression - EdgeR

Space-specific genes - pairwise comparison of wing compartments



EdgeR - design matrix

allCompartments D/V
anterior.L3 dorsal.L3
anterior.white pupa dorsal.white pupa
dorsal.L3 ventral.L3
dorsal.white pupa ventral.white pupa
nub.L3
nub.white pupa
posterior.L3
posterior.white pupa
ventral.L3
ventral.white pupa

Contrasts space
dorsal.L3 vs ventral.L3 1
dorsal.white pupa vs ventral.white pupa 1
dorsal.L3 vs dorsal.white pupa 0
ventral.L3 vs ventral.white pupa 0
dorsal.L3 vs ventral.white pupa ?
dorsal.white pupa vs ventral.L3 ?



Contrasts space
dorsal.L3 vs ventral.L3 1
dorsal.white pupa vs ventral.white pupa 1
dorsal.L3 vs dorsal.white pupa 0
ventral.L3 vs ventral.white pupa 0
dorsal.L3 vs ventral.white pupa ?
dorsal.white pupa vs ventral.L3 ?

Contrasts space
dorsal.L3 vs ventral.L3 1 1 1 1
dorsal.WP vs ventral.WP 1 1 1 1
dorsal.L3 vs dorsal.WP 0 0 0 0
ventral.L3 vs ventral.WP 0 0 0 0
dorsal.L3 vs ventral.WP 0 1 0 1
dorsal.WP vs ventral.L3 0 0 1 1

number of genes 0 4 3 31



dorsal vs ventral - space-specific genes = 38

dWWP.2
dWWP.1
dWL3.1
dWL3.2
vWL3.1
vWL3.2

vWWP.2
vWWP.3
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cell
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age
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white pupa

Cluster 1 Cluster 2

dWWP.2
dWWP.1
dWL3.1
dWL3.2
WWP.3
WL3.3
WL3.4

WWP.2
vWL3.1
vWL3.2

aWWP.1
aWL3.1
aWL3.2

pWWP.2
pWWP.1
pWL3.1
pWL3.2

aWWP.2
vWWP.2
vWWP.3

−2 −1 0 1 2

value

ce
ll

ag
e

cell
anterior
dorsal
nub
posterior
ventral

age
L3
white pupa

Cluster 1 Cluster 2

Biotype Cluster1 Cluster2
mRNA 11 25
ncRNA 0 2

GO terms 11 21
GO terms (wing, dorsal, ventral,
imaginal disc, development)

6 9

Pvalue Term BP - Cluster1
4e-06 midgut development
7e-05 maintenance of epithelial integrity, open tracheal system
1e-04 embryo development
1e-04 cell motility
1e-04 digestive system development
3e-04 imaginal disc development
4e-04 post-embryonic development
7e-04 tissue homeostasis
7e-04 eye-antennal disc morphogenesis

Pvalue Term BP - Cluster2
3e-06 myoblast migration
3e-06 fibroblast growth factor receptor signaling pathway
3e-06 response to fibroblast growth factor
6e-05 regulation of crystal cell differentiation
7e-05 cellular response to growth factor stimulus
1e-04 larval visceral muscle development
2e-04 glial cell proliferation
3e-04 larval somatic muscle development
5e-04 enzyme linked receptor protein signaling pathway



modEncode for cluster1

opa.FBgn0003002
eya.FBgn0000320

Mes2.FBgn0037207
pgant2.FBgn0031530

twz.FBgn0034636
if.FBgn0001250

cv.c.FBgn0086901
Nep1.FBgn0029843
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CG4382.FBgn0032132
Cpr49Ac.FBgn0033725
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modEncode for cluster2

NoGO.CG1265.mRNA.FBgn0035517
CG7322.mRNA.FBgn0030968
COX7A.mRNA.FBgn0040529
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