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Animals living outside the tropics adapt various physiol-
ogy and behavior to seasonal changes in the environment.
For example, animals restrict breeding to specific seasons
to maximize survival of their offspring in temperate zones.
As animals use changes in day length and temperature as
seasonal cues, these phenomena are referred to as photoperi-
odism and thermoperiodism, respectively. We use compara-
tive approaches to understand these mechanisms. Japanese
quail and medaka provide excellent models to study these
mechanisms because of their rapid and robust seasonal
responses. In this division, we are trying to uncover the
underlying mechanisms of seasonal adaptation.

I. Mechanism of seasonal testicular regression

Birds have evolved highly sophisticated mechanisms of
seasonal regulation, and their testicular mass can change a
hundred-fold within a few weeks. Recent studies revealed
that seasonal gonadal development is regulated by central
thyroid hormone (TH) activation within the hypothalamus
depending on the photoperiodic changes. By contrast, the

Figure 1. Mechanisms regulating seasonal testicular development and
regression in birds.

mechanisms underlying seasonal testicular regression remain
unclear. We examined the effects of short day and low tem-
perature on testicular regression in quail. Low temperature
stimulus accelerated short day (SD)-induced testicular
regression by shutting-down the hypothalamus-pituitary-
gonadal (HPG) axis and inducing meiotic arrest and germ
cell apoptosis. Induction of triiodothyronine (T,) coincided
with the climax of testicular regression. Temporal gene-
expression analysis over the course of apoptosis revealed
suppression of LH response genes and activation of T,
response genes involved in amphibian metamorphosis within
the testis. Daily i.p. administration of T, mimicked the effects
of low temperature stimulus on germ-cell apoptosis and tes-
ticular mass. We concluded that birds utilize low tempera-
ture-induced circulating T, not only for adaptive thermoregu-
lation but also to trigger apoptosis in order to accelerate
seasonal testicular regression.

II. Ontogeny of the saccus vasculosus, a
seasonal sensor in fish

Thyroid-stimulating hormone (thyrotropin: TSH) secreted
from the pars distalis (PD) of the pituitary gland stimulates
the thyroid gland. In contrast, TSH secreted from the pars
tuberalis (PT) of the pituitary gland regulates seasonal repro-
duction in birds and mammals. The ontogeny of thyrotrophs
and the regulatory mechanisms of TSH are markedly differ-
ent between the PD and PT. Interestingly, fish do not have
an anatomically distinct PT, and the saccus vasculosus (SV)
of fish is suggested to act as a seasonal sensor. Thus, it is
possible that the SV is analogous to the PT. We examined the
ontogeny of the pituitary gland and SV using rainbow trout.
A histological analysis demonstrated the development of the
pituitary anlage followed by that of the SV. Transcription
factors Lhx3 and Pit-1, which are required for the develop-
ment of PD thyrotrophs, clearly labelled the pituitary anlage.
The common glycoprotein o subunit (CGA) and TSH [
subunit (TSHB) genes were also detected in the pituitary
anlage. In contrast, none of these genes were detected in the
SV anlage. We then performed a microarray analysis and
identified Parvalbumin (Pvalb) as a marker for SV devel-
opment. Because Pvalb expression was not detected in the
pituitary anlage, no relationship was observed between the
development of the SV and pituitary gland. In contrast to
embryos, Lhx3, Pit-1, CGA, and TSHB were all expressed
in the adult SV. These results suggest that the morphologi-
cal differentiation of SV occurs during the embryonic stage,
but that the functional differentiation into a seasonal sensor
occurs in a later developmental stage.

ITI. Forward genetic analysis of seasonal time
measurement

It is well established that the circadian clock is somehow
involved in seasonal time measurement. However, it remains
unknown how the circadian clock measures day length.
Additionally, it is not known how animals adapt to seasonal
changes in temperature. It has been reported that medaka
populations that were caught at higher latitudes have more
sophisticated responses to day length and temperature. For
example, medaka fish caught in Hokkaido have a critical



day length (i.e., duration of photoperiod required to cause
a response) of 13 h, while those caught in Okinawa have
an 11.5 h critical day length. To uncover the underlying
mechanism of seasonal time measurement, we are currently
performing a forward genetic analysis in medaka populations
collected from various latitudes all over Japan.

3-1 Variation in seasonal responses with latitude in
medaka fish

To perform a forward genetic analysis, we have collected
thousands of medaka fish from all over Japan. We have
examined the effects of changing day length to determine
the critical day lengths that will cause seasonal responses
in the gonad and we found differences in critical day length
between medaka from higher latitudes and lower latitudes
(Figure 2).

3-2 Quantitative trait loci (QTL) analysis of critical
day length

To identify the genes regulating critical day length, quan-
titative trait loci (QTL) analysis was conducted using more
than 700 F2 medaka derived from crosses between Northern
and Southern populations. As a result, we identified signifi-
cant QTLs. We are now performing genome re-sequencing
using various medaka strains that show different critical
photoperiods.

IV. Transcriptome analysis of seasonality in
medaka fish
Homeotherms such as birds and mammals do not show
clear seasonal responses to changing temperature. In
contrast, poikilothermal animals also use changing tempera-
ture as a calendar. Medaka provides an excellent model to
uncover this mechanism. To elucidate the signal transduction

Figure 2. Different critical day length between medaka from higher lati-
tudes and lower latitudes.

pathway regulating seasonal reproduction in medaka fish, we
have examined transcriptome analysis using microarrays. We
identified hundreds of genes that respond to day length and
temperature changes.
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