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Figure S1. Characterizing the controllability of human brain-specific gene regulatory network and
topological analysis. (a)In-degree distribution of forebrain GRN. (b)Out-degree distribution of forebrain
GRN. (c)Average in-degree for ordinary and critical nodes in forebrain GRN. (d)Average out-degree for
ordinary and critical nodes in forebrain GRN.(e)In-degree distribution of neuron associated cells cancer
related GRN. (f)Out-degree distribution of neuron associated cells cancer related GRN. (g)Average in-
degree for ordinary and critical nodes in neuron associated cells cancer related GRN. (h)Average out-degree
for ordinary and critical nodes in neuron associated cells cancer related GRN.
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Figure S2. Biological enrichment of forebrain GRN. (a)Biological enrichment analysis of essential
genes. Numbers of essential genes overlapping with critical and ordinary nodes are shown in red arrows.
(b)Biological enrichment of cancer genes. Numbers of cancer genes overlapping with critical and ordinary
nodes are shown in red arrows. (c)Biological enrichment analysis of neuron associated cells cancer genes.
Numbers of these genes overlapping with critical and ordinary nodes are shown in red arrows.
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Figure S3. Biological enrichment analysis of neuron associated cells cancer related GRN. (a)Enrichment
analysis of essential genes. Numbers of essential genes overlapping with critical and ordinary nodes are
shown in red arrows. (b)Enrichment analysis of cancer genes. Numbers of cancer genes overlapping with
critical and ordinary nodes are shown in red arrows. (c)Enrichment analysis of neuron associated cells
cancer genes. Numbers of these genes overlapping with critical and ordinary nodes are shown in red arrows.

proportion of unchanged critical nodes

1.0

0.8

0.6

0.4

network
forebrain GRN

0.025 0.050 0.075

deleting edges by weight

1.0

0.8

0.6

proportion of unchanged critical nodes

network

neuron
associated

cells cancer
related GRN

0.025 0.050 0.075
deleting edges by weight

Figure S4. Robustness analysis of node classification. (a)Plot showing the fraction of critical nodes in
new networks that overlaps with the original forebrain gene regulatory network, the new networks are
obtained by deleting edges from original hindbrain gene regulatory networks. (b)Plot showing the fraction
of critical nodes in new networks that overlaps with the original neuron associated cells cancer related
gene regulatory network, the new networks are obtained by deleting edges from original hindbrain gene

regulatory networks.

Frontiers



Supplementary Material

0.04

0.03

0.02

GScCC

0.01

0.00

0.03

GSCC

0.01

0.00

method

randomly-all
4 critical
randomly-critical-all

S

0.00 0.25 0.50 0.75 1.00
deleting nodes by critical nodes - forebrain RGN

N

method

randomly-all
4 critical
randomly-critical-all

0.00 0.25 0.50 0.75 1.00

Figure S5. Robustness analysis of node classification. (a)The change of giant strongly connected
component(GSCC) in forebrain GRN with three methods that are different in the way of deleting
critical nodes. (b)The change of giant weakly connected component(GWCC) in forebrain GRN with
three methods that are different in the way of deleting critical nodes. (c)The change of giant strongly
connected component(GSCC) in neuron associated cells cancer related GRN with three methods that are
different in the way of deleting critical nodes. (d)The change of giant weakly connected component(GWCC)
in neuron associated cells cancer related GRN with three methods that are different in the way of deleting

critical nodes.
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