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SG3 for 2024
「生命のダイナミクスを観て（観察）考える（数理）」

高橋淑子 （生物科学専攻） 教授 （SG3代表）
國府寛司 （数学・数理解析専攻） 教授
荒木武昭 （物理学・宇宙物理学専攻）准教授

伊丹 將人 （物理学 SACRA） 特定助教
稲葉真史 （生物科学専攻） 助教
平島剛志 （シンガポール国立大学） 准教授

本スタディグループでは、おもしろい論文をよみながら、生物ー物理ー数学の間を行ったり来たりす
る予定です。セミナー形式で行い、スケジュールは参加者間で日程調整します。

生き物の“かたち”を数理で探る

https://www.google.co.jp/search?q=%E8%85%B8&client=firefox-
b&source=lnms&tbm=isch&sa=X&ved=0ahUKEwisu-fpsMrMAhWHFJQKHY-
nDIUQ_AUIBygB&biw=1811&bih=1183#imgrc=1-2VJiXOns34yM%3A

私たちの腸はグニャグニャしている

このループは一体なんだ？

全く新しい発想を取り入れた
解析を行った

Nature誌：ハーバード大学より2011年に発表

形作りの謎を解いた
学際研究の金字塔！

◎高橋淑子 （教授生物科学専攻）

國府寛司 （教授数学・数理解析専攻）
荒木武昭 （准教授物理学・宇宙物理学専攻）

参
加
教
員

びっくり論文！
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[実験科学]ー[物理モデル]ー[数理計算]の協働を目指す

腸とその周辺組織の“引っ張

り合う力”が釣り合って腸ルー
プが形成される

離散モデルを用いた
数理シミュレーション

物理モデル
ゴム板で腸ループを再現

実験観察

融合研究

異分野の研究者（院生）が集まっ
て、みんなで読みました。

↓
議論することの喜びがありました！

腸ループを実際に作ってみた

ゴムの硬さでいろいろなループができた

生きたニワトリ胚を顕微
鏡でみて、ビックリビックリ。

MACS実習：「ワイワイとなごやかに」

ゴムはホームセンターで買ってきた

実際に生き物をみる実習もあります
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SUMMARY

Jellyfish are radially symmetric organisms without a brain that arose more than 500 million years ago. They
achieve organismal behaviors through coordinated interactions between autonomously functioning body
parts. Jellyfish neurons have been studied electrophysiologically, but not at the systems level. We introduce
Clytia hemisphaerica as a transparent, genetically tractable jellyfish model for systems and evolutionary
neuroscience. We generate stable F1 transgenic lines for cell-type-specific conditional ablation and whole-
organism GCaMP imaging. Using these tools and computational analyses, we find that an apparently
diffuse network of RFamide-expressing umbrellar neurons is functionally subdivided into a series of spatially
localized subassemblies whose synchronous activation controls directional food transfer from the tentacles
to the mouth. These data reveal an unanticipated degree of structured neural organization in this species.
Clytia affords a platform for systems-level studies of neural function, behavior, and evolution within a clade
of marine organisms with growing ecological and economic importance.

INTRODUCTION

Jellyfish offer insights into the structure, function, and evolution
of nervous systems: they are apparent ‘‘living fossils,’’ whose
last common ancestor with bilaterians emerged just after the
appearance of neurons (Figure 1A) (Arendt et al., 2016; Cart-
wright et al., 2007). Jellyfish use neurons homologous to our
own (Arendt et al., 2016; Bosch et al., 2017), but lack centraliza-
tion (i.e., ‘‘brains’’). How such organisms are able to feed them-
selves, navigate, escape from predators, and even sleep
(Mackie, 2004; Nath et al., 2017; Lewis and Long, 2005; Meech,
2019) in the absence of a central brain poses an important prob-
lem in the field of evolutionary neurobiology, with implications for
autonomous systems engineering (Nawroth et al., 2012). Jelly-
fish are also attracting growing interest as critical components
of ocean ecosystems, in part due to jellyfish blooms and their
negative economic impact (Condon et al., 2013; Graham et al.,
2014; Hays et al., 2018).

Despite the importance of jellyfish to evolution, ecology, and
economics, remarkably little is known about the neural control
of their behavior. Jellyfish neurons have been studied extensively
using single-unit electrophysiological recordings (Meech, 2019;
Satterlie, 2002), but systems-level analysis has been absent

due to the lack of a genetically tractable model. Attractive fea-
tures of jellyfish for systems neuroscience include their small
size, relative planarity, and transparency, facilitating optical ap-
proaches (Katsuki and Greenspan, 2013; Meech, 2019; Bosch
et al., 2017). Existing cnidarian genetic neuroscience models,
such as Hydra (Dupre and Yuste, 2017; Tzouanas et al., 2021;
Badhiwala et al., 2021), lack a jellyfish life cycle stage (Künzel
et al., 2010; Renfer et al., 2010; Wittlieb et al., 2006).
Here, we introduce the hydrozoan jellyfish Clytia hemisphaer-

ica, originally established to study early development and evolu-
tion (Houliston et al., 2010), as a genetic model for systems
neuroscience. The Clytia genome has been sequenced (Leclère
et al., 2019) and an atlas of its cell types generated using single-
cell RNA sequencing (scRNA-seq) (Chari et al., 2021). CRISPR/
Cas9-mediated gene knockout has been reported (Momose
et al., 2018), but transgenesis has not yet been established.
In this inaugural study, we describe the generation of stable

Clytia F1 transgenic lines for population neural imaging and
neuronal cell-type-specific ablation. Using these tools, we
have investigated the neural control of feeding, in which
captured food is vectorially transferred from the margin of the
umbrella to the central mouth. We find that directional infolding
of the umbrella is controlled by anatomically cryptic neural

ll
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2023年度に読んだ論文

Mouth

クラゲに小エビがくっつくと・・・
真ん中の口にエビをもっていくために傘を
パッと折りたたむ（ムービー）

Cell

[餌シグナル→パッと閉じる]を可能にする
神経ネットワークの数理解析

クラゲの神経ネットワーク

め！

ニワトリ6日目胚

オーガノイドから勝手に「め」ができる。このとき細胞に何がおこってるのか？

今年のテーマかも？

(Okuda et al., Sci Adv., 2018)
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・わりとユルイ感じで進めます。
院生・学部生OK!

・2-3週間に１度、金曜日の５限。
・前期や後期終了後の割と暇なときに
本物のembryoを観ます。
・場所は概ね２号館のセミナー室。

SG3の進め方


