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Strain differences
in the mouse’s
wheel-running
behavior. Ebihara
& Tsuji, Jap Psychol
Wooden-Box (Nest) Res. 18:20-29
(1976)
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Strain differences in the mouse’s wheel-running behavior. Ebihara & Tsuji,
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Strain differences in the mouse’s wheel-running behavior.
Ebihara & Tsuji, Jap Psychol Res. 18:20-29 (1976)

F1e. 6-a. Comparisons of the activity rhythm
among nine ontogenetic stages in KR strain.
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Fig. 9. Frontal section of the brain showing a typical knife cut and location of the electrode tip in the
(black dot).
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Ebihara & Kawamura, J.Comp.Physiol A. 1981



Ebihara & Kawamura;
J.Comp.Physiol A. 1981
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Model of in vivo microdialysis method

Models for Retinal Circadian Rhythms

Mel |
—- [E—— i
Mel T
Feedback

Mel |

\f\d— 4—,\.} - Day
m— R e

Frow rate : 2 ul/ min of Ringer solution HON :):tt_i:anerve Mel T Platt
Dialysis membrane : cellulose acetate (0.25mm o.d.) sl Feedback

5000mol.wt.cut off VH : viterous humor
<—
e %
Mel

Photoreceptor

Ocular Melatonin and Dopamine
Rhythms

Hasegawa et al. Neurosci. Biobihav.
Review, 1994
Adachi et al. Brain Res. 1999
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Circadian Clock Genes and Photoperiodism:
Comprehensive Analysis of Clock Gene Expression in the
Mediobasal Hypothalamus, the Suprachiasmatic
Nucleus, and the Pineal Gland of Japanese Quail under
Various Light Schedules

SHINOBU YASUO, MIWA WATANABE, NARITOSHI OKABAYASHI, SHIZUFUMI EBIHARA, axn
TAKASHI YOSHIMURA

Division of Biomodeling, Graduate School of Bioagricultural Sciences, Nagoya Universily, Furo-cho, Chikusa-lu, Nagoya
161-8601, Japan
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Yoso et al. Endocrinology, 2003
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Genetic Control of Melatonin Synthesis in the Pineal
Gland of the Mouse

SH1ZUFUMI EBIHARA, THEODORE MARKS, DAVID J. HUDSON,
MICHAEL MENAKER¥*

:

HFEITIRX

:

C57BLYDU R

Pineal melatonin (pg per gland)
3

oFr @-====- B e et & --@-~0--p--9
-1
6 10 14 18 22 2
Time (hours)

Science, 1986

Melatonin Content of the Pineal Gland in
Different Mouse Strains

Maki Goto, Itsuki Oshima, Takeshi Tomita, and Shizufumi Ebihara

Departments of Animal Physiology (M.G., L.O., SE.) and Animal Genetics (T.T.),
Faculty of Agriculture, Nagoya University, Chikusa, Nagoya, Japan

TABLE 1. Classification of the Mouse Strains Based on the Level of Pineal Melatonin
Content’

Melatonin CBA/Ms, C3H/He, Mol-A, Mol-Nis, MOM

Nondetectable melatoin AKR/], BALB/c, C57BL/6, C57BI/10, HTG, DBA/2, HTH,
HTI, RFM, 129/Sv, DDN,CF#1, KR, KR/C, NC, OZB, OZC,
OZD, OZH, OZK, CRN, BS, CS, DCR/c, IMV, PONY, WN,
HITES, 1XBL, SK/Nga, AWB

"T'he strains in which the mean value of pineal melatonin content was below 24 pg/gland at any of
the times examined were determined to belong to the no melatonin group. The mice maintained
under the 12L:12D cycle (light 09:00-21:00) were killed at one point (15:00) in the light phase
and three points (23:00, 03:00, 07:00) in the dark phase. More than three animals per each point
were examined in each strain.

J Pineal Res. 1989
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(Timberline, Oregon, 1984)
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Different circadian pacemakers control feeding
and locomotor activity rhythms in European starlings

Shizufumi Ebihara * and Eberhard Gwinner

Max-Planck-Institut fiir Verhaltensphysiologie, W-8138 Andechs, FRG J Comp Physiol A, 1992
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FIG. 1. Changes of activity rhythms for different levels of the light intensities.

Physiol & Behavior, 1978
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Abstract

A new circadian variant was isolated by screening the intercross offspring of wild-caught mice (Mus musculus castaneus).
This variant was characterized by an initial maintenance of damped oscillations and subsequent loss of rhythmicity after
being transferred from light-dark (LD) cycles to constant darkness (DD). To map the genes responsible for the persistence of
rhythmicity (circadian ratio) and the length of free-running period (t), quantitative trait locus (QTL) analysis was performed
using F, mice obtained from an F, cross between the circadian variant and C57BL/6) mice. As a result, a significant QTL with
a main effect for circadian ratio (Arrhythmicity; Arrh-1) was mapped on Chromosome (Chr) 8. For 1, four significant QTLs,
Short free-running period (Sfp-1) (Chr 1), Sfp-2 (Chr 6), Sfp-3 (Chr 8), Sfp-4 (Chr 11) were determined. An epistatic interaction
was detected between Chr 3 (Arrh-2) and Chr 5 (Arrh-3). An in situ hybridization study of clock genes and mouse
Period1:luciferase (mPerl:luc) real-time monitoring analysis in the suprachiasmatic nucleus (SCN) suggested that
arrhythmicity in this variant might not be attributed to core circadian mechanisms in the SCN neurons. Our strategy
using wild-derived variant mice may provide a novel opportunity to evaluate circadian and its related disorders in human
that arise from the interaction between multiple variant genes.

Citation: Watanabe T, Suzuki T, Ishikawa A, Yokota Y, Ueda HR, et al. (2009) Genetic and Molecular Analysis of Wild-Derived Arthythmic Mice. PLoS ONE 4(1)
©4301. doi:10.1371/journal.pone.0004301

Editor: Aimee K. Zaas, Duke University, United States of America

Received September 26, 2008; Accepted December 3, 2008; Published January 28, 2009

Copyright: © 2009 Watanabe et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits

unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited

Funding: This research was supported in part by Grant-in-Aid for Scientific Research to S.E.. The funders had no role in study design, data collection and analysls
u

decision to publish, or preparation of the m P
Competing Interests: The authors have declared that no competing interests exist

* E-mall: eblhara®agr.nagoya-u.ac jp.

of these disorders. ‘T'o study these issues, appropriate model mice

Introduction

that show aberrant circadian rhythms are substantially uselul. So

Circadian rhythms are fundamental propertics ol organisms far, several circadian mutant mice, most of which were ereated by

behavioral

living on carth and numerous physiological and mutagenesis or gene targeting, have been used for the model
system in human circadian and its relaed disorders [11)

it from

lunctions are under the conuol of the drcadian dock. In

adian pacemaker resides in the suprachiasmatic it appears that most of human discases rc

s with small effects

mammals, the ¢ However

nuclens (SCN;)

in which the selfssustained oscillation is generated deleterious combinations of polymorphic all

by the interaction of a set of activated clock genes [1]. Over the  on the phenotypes and the discases clicited by single gene defects
past decade, multiple clock es have been identified, and it is are fairly rare
now generally accepted that the generation of circadian rhythms is To establish model systems useful for crcadian and its related

based on transcription-translation feedback loops comprising the  disorders in human, we attempted to obtain variants from wild-

le clock genes. Meanwhile, seve

enome=  caught mice (Mus musculus castaneus) becawse natural populations of

organism conserve genetic diversity (the subset of polymorphic loci)
many naturally occurring

activation of mul

wide genctic analyses have de wstrated that many genes other

than clock genes are involved in the circadian clock function [2-7).  that give rise to phenotypic variation (i.c
variant genes, including harmifisl and beneficial genes, are conserved
in wild populations). Tn Drasophila, for examp!
have been isolated from wild populations [12]. Because commonly
limited

In addition, recent studics analyzing genome-wide genc expression
patterns have revealed that many genes in the SCN and peripheral
h circadian thythmicity [8-10]. Thus, it s likely

Imerous variants

argans oscillate

thiat & varicly ency are involved in refining and amplifying the wsed laboratory mice are known 1o have originated from a

core circadian oscillation and maintaining the normal temporal  founder population in a few laboratories [13,14], new genetic variants

commonly used

affecting circadian rhythins, which we cannot find

gy of the complex circadian system
laboratory miice, might be obtained from wild mouse population

physi
Tt is now @

ippreciated that disturbed cireadian rhythims are

associated with many mental and physiological disorders, but little In this successfully isolated mice in which

behavioral circadian rhythms were abolished under conditions of

auempt, we

is known about how circadian rhythms arc implicated in the onsct
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