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Gene expression dynamics in animal embryos are controlled by gene regulatory
networks. To understand how gene regulatory networks produce such dynamics, analyzing regulatory
mechanisms at the whole embryo level, but not at the individual gene level, is essential. In the
present study, we used ascidian embryos, in which the gene regulatory network has been studied
extensively, and succeeded in representing regulatory mechanisms for genes that begin to be
expressed at the 32-cell stage as mathematical functions. Consequently, we can now calculate and
manipulate gene expression dynamics of these genes with these mathematical functions.



13

32

20

13

20

16

220

13

13

in situ



MRNA

13 12
1 (Nodal ) 32
16 Nodal
Fog Nodal
13
Lhx3/4 Foxd Fgf9/16/20
B-catenin
Foxa.a Foxa.a
Lhx3 Lhx3
Lhx3/4 FoxdAFgf9/16/20AB-catenin A6.1/A6.3/B6.1
Neurogenin FoxdAFgf9/16/20AB-catenin A6.1/A6.3/B6.1
Dickkopf FoxdAFgf9/16/20AB-catenin A6.1/A6.3/B6.1
Sail CA-RafAMacho-1 Vv B6.4
Thx6-r.b B6.1/B6.2
CA-RafAMacho-1 v B6.4
Whe3 Tbx6-r.b B6.1/B6.2
CA-RafAMacho-1 Vv B6.4
WhtS Tbx6-r.b B6.1/B6.2
Bmp3 Foxa.aAFoxd A6.1-4/B6.1/B6.2
Hes.b FoxdAFgf9/16/20 v A6.1-4/B6.1/B6.2
) —Sox1/2/3A—Hes.aAFgf9/16/20A—Efna.dA—Prdm]1-r B6.4
Foxa.aAFoxdAFgf9/16/20A—B-catenin V A6.2/A6.4/B6.2
Zic-rb —B-cateninAMacho-1 Vv B6.4
' —Sox1/2/3A—Hes.aAFgf9/16/20A—B-catenin V B6.4
Foxa.aA—Hes.aAFgf9/16/20A—B-catenin None
Dnrt.a Sox1/2/3AFoxa.aA—FoxdAFgf9/16/20A—Efna.dA—f-catenin a6.5
—B-cateninAMacho-1 v B6.4
Thx6-r.aAFgf9/16/20 Vv B6.1/B6.2
Otx Thx6-r.bAFgf9/16/20 v B6.1/B6.2
—FoxdAFgf9/16/20A—Efna.d Vv 86.5/b6.5/B6.4
Fgf9/16/20A—Gdf1/3-rA—Admp None
Sox1/2/3AFoxa.aA—FoxdA—B-catenin V 86.5-8
Dix.b Sox1/2/3AEfna.d vV 86.6-8/b6.6-8
Sox1/2/3A—FoxdA—Fgf9/16/20 None



Foxa.aAFgf9/16/20AB-catenin V A6.1/A6.3/B6.1

. B6.1

Nodal Thx6-r.bAB-catenin Vv . b6.5
Sox1/2/3A—Foxa.aA—FoxdAFgf9/16/20A—Efna.dA—fB-cateninV '

Fgf9/16/20A—Gdf1/3-rA—AdmpA—Prdm1-r/~Foxa.a None

13 Snai  MAPK
Raf
MAPK Snai
Raf
Raf
Zic-r.a B-catenin
Gata.a
Gata.a
Zic-r.b
Foxg
Foxg
Foxg  Fof
Foxd

Foxd



11 11 2 2

Zhang Tengjiao Xu Yichi Imai Kaoru Fei Teng Wang Guilin Dong Bo Yu Tianwei Satou 6

Yutaka Shi Weiyang Bao Zhirong

A single-cell analysis of the molecular lineage of chordate embryogenesis 2020

Science Advances eabc4773
DOl

10.1126/sciadv.abc4773

Liu Bogi Satou Yutaka 62

The genetic program to specify ectodermal cells in ascidian embryos 2020

Development, Growth & Differentiation 301 310
DOl

10.1111/dgd. 12660

Liu Bogi Satou Yutaka 10

Foxg specifies sensory neurons in the anterior neural plate border of the ascidian embryo 2019

Nature Communications 4911
DOl

10.1038/s41467-019-12839-6

Imai Kaoru S. Kobayashi Kenji Kari Willi Rothbacher Ute Ookubo Naoki Oda-Ishii Izumi 458

Satou Yutaka

Gata is ubiquitously required for the earliest zygotic gene transcription in the ascidian 2020

embryo

Developmental Biology 215 227

DOl
10.1016/j .ydbio.2019.11.009




Tokuoka Miki Kobayashi Kenji Satou Yutaka

145

Distinct regulation ofSnailin two muscle lineages of the ascidian embryo achieves temporal 2018

coordination of muscle development

Development -
DOl

10.1242/dev.163915

Oda-Ishii lzumi Abe Tetsuya Satou Yutaka 437

Dynamics of two key maternal factors that initiate zygotic regulatory programs in ascidian 2018

embryos

Developmental Biology 50 59
DOl

10.1016/j .ydbio.2018.03.009

Yu Deli Oda-Ishii lzumi Kubo Atsushi Satou Yutaka 146

The regulatory pathway from genes directly activated by maternal factors to muscle structural 2019

genes in ascidian embryos

Development -
DOl

10.1242/dev.173104

Tokuhiro Shinichi Satou Yutaka 476

Cis-regulatory code for determining the action of Foxd as both an activator and a repressor in 2021

ascidian embryos

Developmental Biology 11 17

DOl
10.1016/j .ydbio.2021.03.010




Tokuoka Miki Maeda Kazuki Kobayashi Kenji Mochizuki Atsushi Satou Yutaka 7

The gene regulatory system for specifying germ layers in early embryos of the simple chordate 2021

Science Advances abf8210
DOl

10.1126/sciadv.abf8210

Yu Deli Iwamura Yuri Satou Yutaka Oda-Ishii lzumi 483

Thx15/18/22 shares a binding site with Thx6-r.b to maintain expression of a muscle structural 2022

gene in ascidian late embryos

Developmental Biology 1 12
DOl

10.1016/j .ydbio.2021.12.012

Oda-Ishii lzumi Yu Deli Satou Yutaka 148

Two distinct motifs for Zic-r.a drive specific gene expression in two cell lineages 2021

Development dev.199538
DOl

10.1242/dev.199538

11 1 4

Yutaka Satou

Comprehensive determination of logic functions for genes that initiate expression in early ascidian embryos

The 20th internatinal conference on systems biology

2019




Shin-ichi Tokuhiro and Yutaka Satou

Foxd acts as an activator and a repressor for patterning along the animal-vegetal axis in early embryos

10th International Tunicate Meeting

2019

Bogi Liu and Yutaka Satou

Foxg is required for the palp formation in ascidian embryos

10th International Tunicate Meeting

2019

Izumi Oda-Ishii, Deli Yu, and Yutaka Satou

Transcriptional regulatory mechanisms by an ascidian Zic transcription factor through its binding to secondary Zic binding
motifs

10th International Tunicate Meeting

2019

Bogi Liu and Yutaka Satou

Foxg is required for the palp formation in ascidian embryos

JAPANESE SOCIETY of DEVELOPMENTAL BIOLOGISTS MEETING

2019




90

2019
89
2018
Zic
89
2018
89

2018




41

2018

Zic 2

41

2018

YutakaSatou

2020

Elsevier

33

Current Topics in Developmental Biology, Vol 139, Gene regulatory networks, Chapter 1, A gene
regulatory network for cell fate specification in Ciona embryos




