
Figure S1 Observation of sporulation by optical microscopy at each time point. Red arrows indicate endospores and blue arrows indicate free 

spores.



biological_process

heterocycle metabolic process

cellular nitrogen compound biosynthetic 
process 

establishment of localization

polysaccharide biosynthetic process

amine metabolic process

indolalkylamine metabolic process

regulation of signal transduction

carboxylic acid metabolic process

glutamine family amino acid metabolic 
process 

ion transport

cellular macromolecule biosynthetic 
process 

transport

primary metabolic process

zinc ion transport

metabolic process

small molecule biosynthetic process

cellular biogenic amine biosynthetic 
process 

transition metal ion transport

carboxylic acid biosynthetic process

cellular amine metabolic process

cellular_component

cellular biogenic amine metabolic 
process 

regulation of cell communication

cellular amino acid biosynthetic process

plasma membrane

metal ion transport

cation transport

indole derivative metabolic process

cellular amino acid derivative 
biosynthetic process 

substrate-specific transporter activity

indolalkylamine biosynthetic process
aromatic amino acid family biosynthetic 

process 

indole and derivative metabolic process

cellular component macromolecule 
biosynthetic process 

membrane

aromatic amino acid family metabolic 
process 

cation binding

oxoacid metabolic process

organic acid metabolic process

ion bindingregulation of cellular process

cellular amino acid metabolic process

transferase activity, transferring 
nitrogenous groups 

hydrolase activity

amine biosynthetic process

organic acid biosynthetic process

tryptophan biosynthetic process

biosynthetic process

cellular biosynthetic process

cell wall macromolecule biosynthetic 
process 

transferase activity

teichoic acid metabolic process

transaminase activity

heterocycle biosynthetic process

localization

cellular metabolic process

cellular process

cellular amino acid and derivative 
metabolic process 

cellular macromolecule metabolic 
process 

binding

small molecule metabolic process

4-amino-4-deoxychorismate synthase 
activity 

cellular carbohydrate metabolic process

chorismate metabolic process

hydrolase activity, acting on 
carbon-nitrogen (but not peptide) bonds 

cell part

catalytic activity

cell

transmembrane transporter activity

nitrogen compound metabolic process

cellular polysaccharide metabolic 
process 

cell wall organization or biogenesis

regulation of biological process

magnesium ion binding

biological regulation

metal ion binding

peptidoglycan-based cell wall biogenesis

substrate-specific transmembrane 
transporter activity 

hydrolase activity, acting on 
carbon-nitrogen (but not peptide) bonds, 

in linear amides 

carbohydrate biosynthetic process

transporter activity

carbohydrate metabolic process

regulation of signaling process

molecular_function

indole derivative biosynthetic process

aromatic compound biosynthetic process

cellular ketone metabolic process

polysaccharide metabolic process

lipoteichoic acid metabolic process

cell wall biogenesis

lipoteichoic acid biosynthetic process

asymmetric cell division

dicarboxylic acid metabolic process

cellular nitrogen compound metabolic 
process 

cellular component biogenesis

teichoic acid biosynthetic process

cell division

tryptophan metabolic process

regulation of two-component signal 
transduction system (phosphorelay) 

a b c

Figure S2 Gene ontology (GO) term networks of differentially expressed genes involved in cluster 1. Networks were generated by Cytoscape BiNGO. 

All significantly enriched GO terms in a biological process, b molecular function, and c cellular component are presented. Node size represents 

proportional to the number of targets in GO. Nodes represented in white were not significantly enriched, while a deeper shade of yellow correlated with 

higher significance. Threshold of hypergeometric distribution of the functional annotation was set at a corrected p-value < 0.03.
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Figure S3 Gene ontology (GO) term networks of differentially expressed genes involved in cluster 2. Networks were generated by Cytoscape BiNGO. 

All significantly enriched GO terms in a biological process, b molecular function, and c cellular component are presented. Node size represents 

proportional to the number of targets in GO. Nodes represented in white were not significantly enriched, while a deeper shade of yellow correlated with 

higher significance. Threshold of hypergeometric distribution of the functional annotation was set at a corrected p-value < 0.03.
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Figure S4 Gene ontology (GO) term networks of differentially expressed genes involved in cluster 3. Networks were generated by Cytoscape BiNGO. 

All significantly enriched GO terms in a biological process, b molecular function, and c cellular component are presented. Node size represents 

proportional to the number of targets in GO. Nodes represented in white were not significantly enriched, while a deeper shade of yellow correlated 

with higher significance. Threshold of hypergeometric distribution of the functional annotation was set at a corrected p-value < 0.03.



cellular amino acid biosynthetic process

macromolecule localization

protein complex

inorganic cation transmembrane 
transporter activity 

hydrolase activity, acting on 
carbon-nitrogen (but not peptide) bonds 

macromolecular complex

3 iron, 4 sulfur cluster binding
water-soluble vitamin metabolic process

succinate-CoA ligase activity

membrane raft

amine biosynthetic process

succinate-CoA ligase complex

hydrolase activity, acting on acid 
anhydrides, in phosphorus-containing 

anhydrides 

iron-sulfur cluster binding

vitamin metabolic process

CoA-ligase activity

response to extracellular stimulus

pyridoxine metabolic process

carboxylic acid biosynthetic process

di-, tri-valent inorganic cation 
homeostasis 

cellular amine metabolic process

tricarboxylic acid cycle enzyme complex

hydrolase activity, acting on acid 
anhydrides 

coenzyme biosynthetic process

peptide transport

transporter activity

succinate dehydrogenase activity

inositol catabolic process

molecular_function

ion transmembrane transporter activity

polyol catabolic process

glutamate synthase (NADPH) activity

carboxylic acid transport

cell projection part

secondary active transmembrane 
transporter activity 

intracellular part

sulfate assimilation

aerobic respiration

localization

organic acid transport

cell projection

cation homeostasis

oxidoreductase activity, acting on 
diphenols and related substances as 

donors, oxygen as acceptor 

cellular amino acid metabolic process

bacterial-type flagellum part

active transmembrane transporter 
activity 

alcohol catabolic process

plasma membrane

hydrogen sulfide biosynthetic process

glutamine family amino acid metabolic 
process 

small molecule metabolic process

transition metal ion transmembrane 
transporter activity 

response to stimulus

carboxylic acid metabolic process

cofactor biosynthetic process

hydrogen sulfide metabolic process

cytoplasmic part

establishment of competence for 
transformation 

cell part

cellular respiration

iron ion homeostasis

cellular response to external stimulus

hydrolase activity

coenzyme catabolic process

DNA mediated transformation

cell

energy derivation by oxidation of 
organic compounds 

amine metabolic process

iron assimilation

cofactor catabolic process

cellular_component

coenzyme metabolic process

tricarboxylic acid cycle

metabolic process

organic acid biosynthetic process

small molecule catabolic process

cellular chemical homeostasis

vitamin B6 biosynthetic process

biosynthetic process

cellular biosynthetic process

heterocycle metabolic process

biological_process

catabolic process

water-soluble vitamin biosynthetic 
process 

carbohydrate metabolic process

vitamin B6 metabolic process

nitrogen compound metabolic process

acid-thiol ligase activity

cellular catabolic process

carbohydrate catabolic process

behavior

protein localization

cellular di-, tri-valent inorganic cation 
homeostasis 

cofactor metabolic process

response to chemical stimulus

ligase activity, forming carbon-sulfur 
bonds 

extracellular region

5-oxoprolinase (ATP-hydrolyzing) activity

ligase activity

cellular response to extracellular 
stimulus 

cellular cation homeostasis

cellular ketone metabolic process

biological regulation

intracellular

hydrolase activity, acting on 
carbon-nitrogen (but not peptide) bonds, 

in cyclic amides 

cell communication

glutamate synthase activity, NADH or 
NADPH as acceptor 

multi-organism process

cytoplasm

bacterial-type flagellum

locomotory behavior

substrate-specific transporter activity

vitamin biosynthetic process

glutamate synthase activity

transport

transmembrane transport

succinate-CoA ligase (ADP-forming) 
activity 

genetic transfer

carboxylic acid transmembrane 
transporter activity 

cellular process

protein transport

homeostatic process

locomotion

cellular ion homeostasis

primary metabolic process

acetyl-CoA catabolic process

oxidoreductase activity, acting on 
diphenols and related substances as 

donors 

bacterial-type flagellum basal body

regulation of biological quality

oxidoreductase activity, acting on the 
CH-NH2 group of donors, NAD or 

NADP as acceptor 

metal ion transmembrane transporter 
activity 

ion homeostasis

oxidoreductase activity

oxoglutarate dehydrogenase complex

organic acid metabolic process

cation transmembrane transporter 
activity 

flagellum

chemical homeostasis

iron ion transmembrane transporter 
activity 

membrane part

pyridoxal phosphate biosynthetic 
process 

di-, tri-valent inorganic cation 
transmembrane transporter activity 

establishment of protein localization

sulfur metabolic process

generation of precursor metabolites and 
energy 

cellular carbohydrate catabolic process

pyridoxal phosphate metabolic process

establishment of localization

cellular iron ion homeostasis

flagellum part

taxis

cellular nitrogen compound metabolic 
process 

cellular metabolic process

metal cluster binding

cellular response to stimulus

response to external stimulus

transmembrane transporter activity

binding

glutamine family amino acid biosynthetic 
process 

motor activity

membrane

catalytic activity

positive chemotaxis

substrate-specific transmembrane 
transporter activity 

inositol metabolic process

cellular carbohydrate metabolic process

citrate metabolic process

succinate dehydrogenase (ubiquinone) 
activity 

nucleoside-triphosphatase activity

chemotaxis

solute:cation symporter activity

sulfur compound biosynthetic process

oxoacid metabolic process

bacterial-type flagellum hook

glutamine metabolic process

oxidoreductase activity, acting on the 
CH-CH group of donors, quinone or 

related compound as acceptor 

pyrophosphatase activity

polyol metabolic process

symporter activity

acetyl-CoA metabolic process

oxidoreductase activity, acting on the 
CH-CH group of donors 

small molecule biosynthetic process

alcohol metabolic process

oxidoreductase activity, acting on the 
CH-NH2 group of donors 

cellular homeostasis

cellular nitrogen compound biosynthetic 
process 

organic acid transmembrane transporter 
activity 

a

c

b

Figure S5 Gene ontology (GO) term networks of differentially expressed genes involved in cluster 4. Networks were generated by Cytoscape 

BiNGO. All significantly enriched GO terms in a biological process, b cellular component, and c molecular function are presented. Node size 

represents proportional to the number of targets in GO. Nodes represented in white were not significantly enriched, while a deeper shade of yellow 

correlated with higher significance. Threshold of hypergeometric distribution of the functional annotation was set at a corrected p-value < 0.03.



cell part

membrane part

cell

cell differentiation

plasma membrane

cellular developmental process

membrane

spore germination

sporulation resulting in formation of a 
cellular spore 

sporulation

cellular_component

biological_process

anatomical structure morphogenesis

anatomical structure formation involved 
in morphogenesis 

cellular process

anatomical structure development

developmental process

a b

Figure S6 Gene ontology (GO) term networks of differentially expressed genes involved in cluster 5. Networks were generated by Cytoscape 

BiNGO. All significantly enriched GO terms in a cellular component and b biological process are presented. Node size represents proportional 

to the number of targets in GO. Nodes represented in white were not significantly enriched, while a deeper shade of yellow correlated with 

higher significance. Threshold of hypergeometric distribution of the functional annotation was set at a corrected p-value < 0.03.
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Figure S7 Gene ontology (GO) term networks of differentially expressed genes involved in cluster 6. Networks were generated by Cytoscape BiNGO. 

All significantly enriched GO terms in biological process is presented. Node size represents proportional to the number of targets in GO. Nodes 

represented in white were not significantly enriched, while a deeper shade of yellow correlated with higher significance. Threshold of hypergeometric 

distribution of the functional annotation was set at a corrected p-value < 0.03.
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Figure S8 Gene ontology (GO) term networks of differentially expressed genes involved in cluster 7. Networks were generated by Cytoscape 

BiNGO. All significantly enriched GO terms in a biological process, b cellular component, and c molecular function are presented. Node size 

represents proportional to the number of targets in GO. Nodes represented in white were not significantly enriched, while a deeper shade of yellow 

correlated with higher significance. Threshold of hypergeometric distribution of the functional annotation was set at a corrected p-value < 0.03.
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Figure S9 Gene ontology (GO) term networks of differentially expressed genes involved in cluster 8. Networks were generated by Cytoscape 

BiNGO. All significantly enriched GO terms in biological process are presented. Node size represents proportional to the number of targets in 

GO. Nodes represented in white were not significantly enriched, while a deeper shade of yellow correlated with higher significance. 

Threshold of hypergeometric distribution of the functional annotation was set at a corrected p-value < 0.03.
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Figure S10 Gene ontology (GO) term networks of differentially expressed genes involved in cluster 10. Networks were generated by Cytoscape 

BiNGO. All significantly enriched GO terms in biological process is presented. Node size represents proportional to the number of targets in 

GO. Nodes represented in white were not significantly enriched, while a deeper shade of yellow correlated with higher significance. Threshold 

of hypergeometric distribution of the functional annotation was set at a corrected p-value < 0.03.
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Figure S11 Expression patterns of gene included in a SigI regulon, b SigY regulon, c SigM regulon, d SigX
regulon, and e YlaA regulon. Gene expression is visualized as the Z-score. The red and green color represents
the up-regulated and down-regulated gene, respectively.
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