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Suppressor screening for sleep in mice

FUNATO, Hiromasa

WPI-111S

2,800,000

SIK3

C57BL/6N SIK3
C57BL/J F1 C57BL/6J
C57BL/6N SNP SNP

The principal investigator conducted a suppressor screening to identify
molecules involved in sleep regulation through the SIK3 pathway. We performed whole exosome
sequencing to examine the frequency of random point mutations due to ethylnitrosourea dosage. We
used SIK3 gene mutant mice of the C57BL/6N strain to induce random mutations and made them crossed
with wild-type C57BL/6J females to obtain F1 mice. We examined sleep/wake behavior based on EEG/EMG
recording of the F1 generation mice. Since there are many polymorphisms even in the same C57BL/6J or

C57BL/6N strains from multiple breeders, we sequenced SNP candidates and created a full SNP panel
that is necessary for a linkage analysis. 1 have been running a suppressor screening for sleep in
mice.



Sleepy
Sik3
Funato et al Nature 2016
Sleepy ZER~ 7 A0 FRERF

(1 Sleepy BIEFICERAHOTIA (B) L TRE
BEWIOA (R) OWEREN. Seepy BEFERICES
HERRRERSBRELTH S,

L= T - -]

mallin

I| I
400 450 500 550 600 650 700 750 800 850 900 (43)

ENUiES
S

X
o"'B6N. Sleepy(m/m)  QpBeJ. BFAER
S>4 LhREREREAUSleepy(m/m)DEF &
FERTIOURX (B6])5IETHNRE

[BLER] - e g il

ZDHRDEI IR (L. B6NEB6IDF1ITHD,
Sleepy(m/+)T&D. S>HLAREREREED

iR i B X

EIRRENER(ETh, REREN1H8002UL
DIYVAZRVCHERITIR (B6]) SPEAFHHMEHE

EEOHH | (MA(SH) (MAS(HH)  (HH)(4)  (H4)i(+H)

CDHKDLIY DAL, BGBNEBGIDN2THS.
YeM%w LB Sleepy(m/+)ICDWT, IEIREFED
EE{EDEEREUTVWDIMET S,
Sleepy(+/+)DHIC, BEEIERUEIDAD
BoND3IHEEEHD.

| ‘RS L UExome seq|

ERBEFORE

2 SleepyRDIARBOYI LY HY—-RHU-Z=20

Sik3

Sik3(Sleepy)

Sik3

Sik3

Sik3

Sleepy
Nature

Sleepy
SIK3
SIK3  AMPK

Funato et al. Nature 2016

SIK3

C57BL/6N SIK3

Sleepy

C57BL/6N C57BL/J
F1

C57BL/6J
C57BL/6N
SNP
SNP



(Miyoshi, Funato et al. )

SIK3

SIK3

Sleepy  Dreamless

SIK3  NALCN

14

1 Zhigiang Wang, Jing Ma, Chika Miyoshi,
Yuxin Li, Makito Sato, Yukino Ogawa,
Tingting Lou, Chengyuan Ma, Xue Gao, Chiyu
Lee, Tomoyuki Fujiyama, Xiaojie Yang,
Shuang Zhou, Noriko Hotta-Hirashima,
Daniela Klewe-Nebenius, Aya lkkyu, Miyo
Kakizaki, Satomi Kanno, Ligin Cao, Satoru

Takahashi, Junmin Peng, Yonghao VYu,
Hiromasa Funato*, Masashi Yanagisawa*,
Qinghua Liu*, Quantitative
phosphoproteomic  analysis of  the
molecular substrates of sleep need. Nature
( ) in press (* corresponding
authors)

2 Yibing Wang, Ligin Cao, Chia-Ying Lee,
Tomohiko Matsuo, Kejia Wu, Greg Asher,
Lijun Tang, Tsuyoshi Saitoh, Jamie Russell
Daniela Klewe-Nebenius, Li Wang, Shingo
Soya, Emi Hasegawa, Yoan Chérasse, Jiamin
Zhou, Yuwenbin Li, Tao Wang Xiaowei Zhan,
Chika Miyoshi, Yoko lrukayama, Jie Cao,
Julian P. Meeks, Laurent Gautron, Zhigiang
Wang, Katsuyasu Sakurai, Hiromasa Funato,
Takeshi Sakurai, Masashi Yanagisawa,
Hiroshi Nagase, Reiko Kobayakawa, Ko

Kobayakawa*, Bruce Beutler*, Qinghua Liu*.

Large-scale forward genetics screening
identifies Trpal as a chemosensor for

predator odor-evoked innate  fear
behaviors. Nature Communications ( )
in press

3 Satoko Oda, Yousuke Tsuneoka, Sachine
Yoshida, Satomi Adachi-Akahana, Masanori
Ito, Masaru Kuroda, Hiromasa Funato.
Immunolocalization of muscarinic M1
receptor in the rat medial prefrontal
cortex. Journal of Comparative Neurology
( ) 526, 1329-1350, 2018
DOI:10.1002/cne. 24409

4 Haruna Komiya, Chika Miyoshi, Kanako
Iwasaki, Noriko Hotta-Hirashima, Aya
Ikkyu, Satomi Kanno, Takato Honda,
Masahiko Gosho, Hiromi Hamada, Toyomi
Satoh, Akiyoshi  Fukamizu, Hiromasa
Funato*, Masashi Yanagisawa™
Sleep/wakefulness behaviors in mice
during pregnancy and pregnancy-associated
hypertensive mice. SLEEP ( ) 41(3),
1-14, 2018
DOI: 10.1093/sleep/zsx209

5 Yousuke Tsuneoka, Sachine Yoshida,
Kenkichi Takase, Satoko Oda, Masaru Kuroda,
Hiromasa Funato*. Neurotransmitters and
neuropeptides in gonadal steroid
receptor-expressing cells in medial
preoptic area subregions of the male mouse.
Scientific Reports ( ) 7: 9809, 1-16,
2017
D01:10.1038/s41598-017-10213-4

6 Yousuke Tsuneoka, Shinji Tsukahara,
Sachine Yoshida, Kenkichi Takase, Satoko
Oda, Masaru Kuroda,_ Hiromasa Funato*.
Moxdl is a marker for sexual dimorphism in
the medial preoptic area, bed nucleus of
the stria terminalis and medial amygdala.
Frontiers in Neuroanatomy ( ) 11:26,
1-13, 2017
DOI: 10.3389/fnana.2017.00026

7 Hiromasa Funato*, Chika Miyoshi,
Tomoyuki Fujiyama, Takeshi Kanda, Makito
Sato, Zhigiang Wang, Jing Ma, Shin Nakane,
Jun Tomita, Aya Ikkyu, Miyo Kakizaki,
Noriko Hotta-Hirashima, Satomi Kanno,
Haruna Komiya, Fuyuki Asano, Takato Honda,
Staci J. Kim, Kanako Harano, Hiroki
Muramoto, Toshiya Yonezawa, Seiya Mizuno,
Shinichi Miyazaki, Linzi Connor, Vivek
Kumar, Ikuo Miura, Tomohiro Suzuki,
Atsushi Watanabe, Manabu Abe, Fumihiro
Sugiyama, Satoru Takahashi, Kenji
Sakimura, Yu Hayashi, Qinghua Liu,
Kazuhiko Kume, Shigeharu Wakana, Joseph S
Takahashi, Masashi Yanagisawa*.




Forward-genetics analysis of sleep in
randomly mutagenized mice. Nature (

) 539, 378-383, 2016 (* corresponding
author)
DOI: 10.1038/nature20142

8 Mohammad Sarowar Hossain, Fuyuki
Asano, Tomoyuki Fujiyama, Chika Miyoshi,
Makito Sato, Aya Ikkyu, Satomi Kanno,
Noriko Hotta, Miyo Kakizaki, Takato Honda,
Staci J. Kim, Haruna Komiya, lkuo Miura,
Tomohiro Suzuki, Kimio Kobayashi, Hideki
Kaneda, Vivek Kumar, Joseph S. Takahashi,

Shigeharu Wakana, Hiromasa Funato*,
Masashi Yanagisawa*  (*corresponding
author). Ildentification of mutations

through dominant screening for obesity
using C57BL/6 substrains. Scientific
Reports ( ) 6:32453, 1-15, 2016
DOI: 10.1038/srep32453

9 Kenkichi Takase, Yousuke Tsuneoka,

Satoko Oda, Masaru Kuroda, Hiromasa Funato.

High-fat diet feeding alters olfactory-,
social- and reward-related behaviors of
mice independent of obesity

Obesity ( ) 24:886-894, 2016.

DOl: 10.1002/0by.21441

10 Takeshi Kanda, Natsuko Tsujino,
Eriko Kuramoto, Yoshimasa Koyama, Etsuo A.
Susaki, Sachiko Chikahisa, Hiromasa
Funato. Sleep as a biological problem: an
overview of frontiers in sleep research.
Journal of Physiological Sciences (

) 66:1-13, 2016.

DOI: 10.1007/s12576-015-0414-3

11
( ) 69: 138-141,
2018
12
" ( )
73 116-145, 2018
13
( ) 263, 728-732, 2017
14

Progress in Medicine (
) 37: 927-930, 2017

36

123

10

11

2018.3.30
123
2018.3.30
M1
123
2018.3.30
RNA
123
2018.3.28

Hiromasa Funato, Masashi Yanagisawa,

Forward genetic analysis of sleep in
mice. Gordon Research Conference
"Sleep Regulation and Function®,
Galvestone, USA 2018.3.19
Hiromasa Funato. Forward genetic
analysis of sleep in mice. Keystone
symposia "'State of the Brain" January
15, 2018 (Keystone, CO, USA)

Sik3
2017

2017.12.7

" 2017

2017.12.6

Sik3
. 2017

2017.12.6

2017
2017.12.6

Tomoyuki Fujiyama, Satoshi Miyashita,
Yousuke Tsuneoka, Mai Nagaoka, Miyo
Kakizaki, Satomi Kanno, Yukiko
Ishikawa, Yoshiya Kawaguchi, Yuchio
Yanagawa, Mark A. Magnuson, Yo-ichi
Nabeshima, Masashi Yanagisawa,
Hiromasa Funato, Mikio Hoshino
Hypothalamic Ptfla is required for




12

13

14

15

16

17

18

19

20

sexual differentiation of the brain
and behavior. Neuroscience 2017,
Washington DC, USA 201711.15

24
2017.10.29

39
2017.10.15

Kanako lwasaki, Miyo Kakizaki, Abe
Manabu, Kenji Sakimura, Hiromasa
Funato, Masashi Yanagisawa
Sleep/wakefulness behavior after
ablation of central serotonergic
neurons. 40

2017.7.22
Takato Honda, Tomoyuki Fujiyama, Chika
Miyoshi, Hiromasa Funato, Masashi
Yanagisawa. Neural Circuit and
Molecular Basis of Behavioral
Phenotypes in Mouse Pedigrees with
Sleep Abnormalities ldentified
through Forward Genetics. 40

2017.7.22

Qinghua Liu, zhigiang Wang, Jing Ma,
Hiromasa Funato, Yonghao Yu, Masashi
Yanagisawa. A mechanistic link between
sleep need and synaptic
phosphoproteome. 40

2017.7.20
Kazuhiko Kume, Shin Nakane, Hiroyuki
Nakagawa, Riho Kobayashi, Jun Tomita,
Hiromasa Funato, Masashi Yanagisawa.
Analysis of Drosophila Sik3 gene, a
homologue of mouse sleepy. 40

2017.7.20
Tomoyuki Fujiyama, Satoshi Miyashita,
Yousuke Tsuneoka, Mai Nagaoka, Miyo
Kakizaki, Satomi Kanno, Yukiko
Ishikawa, Yoshiya Kawaguchi, Yuchio
Yanagawa, Mark A. Magnuson, Yo-ichi
Nabeshima, Masashi Yanagisawa,
Hiromasa Funato, Mikio Hoshino.
Hypothalamic Ptfla is required for
sexual differentiation of the brain.
40

2017.7.20

122

2017.3.28

122

21

22

23

24

25

26

27

28

29

2017.3.28

Moxd1
122
2017.3.28

Sachine Yoshida, Ryuko Ohnishi,
Yousuke Tsuneoka, Satoko Oda, Masaru
Kuroda, Hiromasa Funato, Kumi O.
Kuroda. An Infant cooperation to
maternal carrying: comparative
analyses in humans and mice. 94

( ) 2017.3.30

23

2017.3.17
SIK3
36

2017.3.4

Sleepy
.39
2016.12.1

. 39
2016.12.1

39
2016.11.30
Hiromasa Funato, Chika Miyoshi, Makito
Sato, Noriko Hotta, Satomi Kanno, Aya
Ikkyu Miyo Kakizaki, Komiya Haruna,
Shigeharu Wakana, Masashi Yanagisawa.
Forward genetic analysis of sleep in
randomly mutagenized mice.
Neuroscience 2016, 2016.11.16
Convention center, San Diego, USA
Staci J. Kim, Tomoyuki Fujiyama, Chika
Miyoshi, Noriko Hotta, Satomi Kanno,
Aya Ikkyu, Miyo Kakizaki, Taeko
Matsuoka, Seiya Mizuno, lkuo Miura,
Tomoyuki Suzuki, Vivek Kumar, Joseph S.
Takahashi, Satoru Takahashi,




Shigeharu Wakana, Hiromasa Funato,
Masashi Yanagisawa. Forward genetics WPI-111S
approach in identification of novel
sleep/wakefulness related gene(s).
Neuroscience 2016, 2016.11.14 (@)
Convention center, San Diego, USA

30 Takato Honda, Tomoyuki Fujiyama, Chika
Miyoshi, Makito Sato, Hiromasa Funato, ©))
Masashi Yanagisawa. Systematic YANAGISAWA, MASASHI
behavioral screening of Sleepy and
Dreamless, newly identified mouse
pedigrees with sleep abnormalities.
Neuroscience 2016, 2016.11.13
Convention center, San Diego, USA

31

MIYOSHI, CHIKA

25
2016.9.15 )
32 Kenkichi Takase, Kenichi Kikuchi,
Hiromasa Funato, Meta-analysis of
genetically modified mice on
behavioral and biological phenotypes.
31st International Congress of

Psychology
2016.07.26
33 s ) ,
Sleepy Dreamless
; 39
2016.7.20
34 ,
C. elegans
41
2016.7.7
35 s )

, Systematic
Behavioral Screening of Sleepy and
Dreamless, Newly ldentified Mouse
Pedigrees with Sleep Abnormalities.

41
2016.7.7
36

41
2016.7.7

http://sleepymouse.jp/

o

FUNATO, HIROMASA



