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Cold- and heat-induced - color-pattern modifications and characteriiation of the

cold-shock-induced humoral factor of the blue pansy- butterﬂy Junoma orith ya
(Lepidoptera, Nymphahdae) physwlogma.l and evolutionary 1mp11cat1ons _ ’
Application of cold- and heat-shock or some chem1cals to early pupae causes wing colo;'-pattern
changes in bdtterﬂiés, which é.;e attributed to the hemoly-mph level of cold-s];ock' hormone {CSH) in
>pup'ae as well as to other mechénisms. Here, I physiologicaliy characterizéd CSH and phartnacological
action of tungstate, thapsigargin, and ecdysteroid using a nymphalid butterfly Junonia orit]zya. I
. showed that the precise patternsvof modification were dependent on the tin;e-point of the cold-shock
treatment after pupation. Moreover, in response to the '88-42°C heat-shock treatments, modiﬁcation‘
was the “reverse” of the direction of the cold-shock-induced changes. Somewhat surprisingly, in ‘
response to the lethal 44°C heat sﬁock, PFEs were modified as in the case of a cold-shock.'I confirmed :
that the motliﬁcatioﬁ properties induced in a cold-shocked (-2°C for 3 d) and heat-shocked (44°C for 1d)
_pupa were able to be transferred to another pupa in a parabiosis experiment. Furthermore, cold-shock
and heat- shock (42°C and 44°C for 1d) application after removal of the head and prothorax together
still produced modified wings, excluding major involvement of the bram-retrocerebral neuroendocrine
comblex. Furthermc;re, tungstate injection induced quiﬁcations evén in individuals whose head antl
prothoréx were removed. Importantly, transplantation of tracheae isolated from cold-shocked pupae
' induced modifications in the recipient vﬁngs. In contrast, reduction ot' the blue béckg’round area was -
obtained not only by the 42°C and 44°C treatments but also by the injectibn of ttxapsigargin, a
plant-derived stress inducer, in males. I also observed an increase in oratxge coloration by the 42°C
treatment in females, and this change was similar to ecdysteroid—induced modifications. Thvese results
might have been exploited in the color-pattern evolution of some Junonia spec1es I identified some
chemlcal peaks in hemolymph of the cold-shocked and heat-shocked individuals using HPLC
(high-performance liquid chromatography). According to the modification patterns, I propose different
pathways for colof-pattern x:nodiﬁcations: CSH pathway (up- and down regulation), géperai stress -
response pathway, and ecdysteroid-induced pathway. Thus, I have shown that modified wing
color-patterns are determined pri_marily by rearing temperaturés (cold- and heat-shock) of early pupae,
suggesting that temperature variation in the field drives phenotypic changes in morphology, and

propose a dynamic mechanism supporting the evolution in o, orithya.,
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Cold- and heat-induced color-pattern modifications and characteriiation of the

cold-shock-induced humoral factor of the blue pansy butterfly Junonia orithya
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(Lepidoptera, Nymphalidae): physiological and evolutionary implications
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