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Fig.3 New control system with PID algorithm improves
the temperature heating/cooling speed and its stability
(a) Temperature changes in heating process. (b) Temperature arrived
from 25°C to 40°C in (0.45+0.04) s. (c) SI at 40°C was 0.16. (d)
Temperature changes in cooling process. (¢) Temperature arrived from
40°C to 25°C in (0.56+0.03) s. (f) ST at 25°C was 0.23. n=80-89.
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Fig.4 PI in place-learning paradigm with different punishing temperatures ( n=22-30 )
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phases and high preference index in 5 Te phase ( n=56 )
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Fig. 6 PI in wild type and ru’® flies ( n=21-28 )

(a) CS flies learned to stay on the unpunished side of moving arena after 10 min training phase. (b) 7u"”’ mutant flies could not learn in this paradigm.
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Fig. 7 Master flies showed higher activity and walking speed in training phase and first test minute than yoked flies
(n=109 )

(a) Master flies were more active in the 10 min training time than yoked flies. This difference lasted in first test minute. (b) The velocity of master

flies was significantly higher than yoked flies, both in training phase and first test minute. *P < 0.05; **P < 0.01.
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Fig. 8 LH flies showed learned helplessness after random heat pulses ( 7=79 )

(a) LH flies reacted slower than control group to heat pulses and showed longer escape latency. (b) LH flies made more escape failures than control.

(c) Walking speed of LH flies was lower both under high and low temperature. (d) No difference in activity in Pretest could be observed between two

groups. *P < 0.05; **P <0.01; n.s. P> 0.05.
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Fig.9 Master showed higher activities in test phase after 1 h training in day 1-3, respectively (n=45-47)

(a—c) In long term training protocol, flies were trained in morning and afternoon for 3 d, 1 h for each training session. Master flies were more active in
the test phase after 1 h training phase in all 3 d. *P < 0.05; **P < 0.01; ***P <0.001.
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Fig. 10 PI and activities in place learning after 3—day random heat pulses (rn=72)

(a) Former master showed higher P/ values than former yoked in 5 Te phases. (b) Former Master and Former Yoked groups showed no significant
difference in activity. **P < 0.01.
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Learned Helplessness in Drosophila Effects Their Place Learning Ability

YANG Ji-Hua", HU Peng-Bo™, LIU Li, YANG Zheng-Hong™

(State Key Laboratory of Brain and Cognitive Science, Institute of Biophysics, Chinese Academy of Sciences, Beijing 100101, China)

Abstract Objective Learned helplessness (LH) refers to establishment of the helpless state in animals, which
have experienced exposure to stressors that are inescapable by means of behavioral responses. It could affect their
locomotor activity and other behaviors, such as circadian rhythm, food intake, immune system, etc. LH has been
observed in many species including Drosophila melanogaster. Activity of LH flies decreased significantly after
inescapable heat shocks. However, it is still unknown if there is impairment in learning ability in LH of
Drosophila. Here, we explored if place learning ability of Drosophila could be effected by LH. Methods We
established a new experimental paradigm and procedure for place learning and LH experiment in Drosophila.
Results We observed robust place learning and LH phenomenon in the new paradigm. We also found that after
long-term exposure to inescapable heat pulses their place learning ability was reduced. Conclusion Our findings

reveal that LH in Drosophila not only effect their locomotor activity but also place learning behaviour.
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