
B. Dimensionality Reduction

time

G
en

es
 o

f X

X X

M
et

a-
ge

ne
s 

of
 X

time

G
en

es
 o

f U

U
U

time M
et

a-
ge

ne
s 

of
 U

Genes/Meta-genes in Group X Genes/Meta-genes in Group U /" /"

Internal regulation among genes/meta-genes Group X by A/Ã /"
External regulation from genes/meta-genes in Group U 
to genes/meta-genes in Group X by B/ 

/"
!B

A. Gene state-space model C. Meta-gene state-space model

Xt+1=AXt+BUt 

time

D. Internal/External Principal 
Dynamic Patterns (PDPs)

[λp
1
, λp

2, …, λp
T]    

xEXT=d1               +d2                   
 
 
 
+d3            +d4             
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dynamics composed of PDPs
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Different ePDPs
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Worm’s effective state space model

Similar iPDPs

Fly’s effective state space model

iPDPs: time exponentials 
of Ã eigenvalues in worm

ePDPs: right singular 
vectors of U in worm

ePDPs: right singular 
vectors of U in fly

iPDPs: time exponentials 
of Ã eigenvalues in fly

Xt+1 = AXt +BUt

Xt+1 = AXt +BUt

A B
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