
Forgetting is For getting



“If we remembered everything, we should on most occasions be as ill 

off as if we remembered nothing.” —— William James(1890)

Learning & Memory
Forgetting

Highly superior Autobiographical Memory



PART 1 : The overview of forgetting: Definition and Types ——JSH

PART 2 : The neuroscience of forgetting in Drosophila——MMZ

PART 3 : The potential factors associated forgetting processing——LZQ

 

Why forgetting is commonly happened in our everyday lives?



1885 Herman Ebbinghaus

“forgetting curve”

Pioneer of forgetting



1913 Decay theory
1885 | Forgetting Curve

Theories of forgetting

Memory is forgotten simply by the 

dissipation of memory over time. 

Passive Forgetting



1885 | Forgetting Curve

Theories of forgetting

1913 | Decay Theory 
1932 John McGeoch

“In time iron, when unused, may rust, 

but oxidation, not time, is responsible” 

Brain activity



1885 | Forgetting Curve

Theories of forgetting

1913 | Decay Theory 

Interference Theory
other competing memories before (proactive) or after 

(retroactive) the learning event 

Motivated Forgetting 
an emotional motive to suppress the memories 

Retrieval-induced Forgetting 
recalling some items of a memory inhibits recollection of 

other items

Active Forgetting



1885 | Forgetting Curve 1913 | Decay Theory 1932

Interference Theory

Motivated Forgetting 

Retrieval-induced Forgetting 

What is the neuroscience of active forgetting?

2010 Rac

➢ 综合利用果蝇和小鼠等模式生物的研究优势，探究学习、
记忆和遗忘的生物学机制。

➢ 在此基础上，一方面致力于推进人类记忆相关疾病病理
机制的研究和潜在治疗药物的开发，另一方面致力于理
解生物智能的深层机理并为人工智能的研究提供启发。



What is Rac?

The Rho family of small GTPases

(Rho, Rac and Cdc4)

Dominant-negative N17 mutant (T17N): 

sequester the rate-limiting guanine nucleotide 

exchange factor

Constitutively active V12 mutant (G12V) : 

defective GTPase function



Pavlovian Olfactory Aversive Conditioning 

Inhibition of Rac Activity has no effect on memory formation but functions specifically on memory decaying

Shuai Y, et al. Cell. 2010



The prolonged memory is distinct from known consolidated memory components

STM: short-term memory

MTM: middle or intermediate-term memory

ARM: anesthesia-resistant memory

LTM: protein-synthesis-dependent long-term memory 

Shuai Y, et al. Cell. 2010



Rac1 also mediates interference-induced forgetting and reversal learning-activated forgetting 

Shuai Y, et al. Cell. 2010



object recognition memory 

Decay of object recognition memory is bi-directionally regulated by Rac1 activity 

Yunlong Liu, et al. Current Biology. 2016



Rac1 activation regulates the interference-based forgetting of object recognition memory

Rac1-dependent forgetting is evolutionarily conserved from invertebrates to vertebrates. 

Yunlong Liu, et al. Current Biology. 2016



Repetition-induced ARM improvement is due to slower decay but not enhanced formation

The time course of ARM formation is solely determined by the first session of training. 

The subsequent trials are devoted not to acquiring information but to inhibiting forgetting of the ARM.

Xuchen Zhang, et al. Cell Reports. 2016.



Cdc42 activity specifically regulates time-based ARM decay

ARM decay

ARM formation

ASM formation

ASM decay
Xuchen Zhang, et al. Cell Reports. 2016.



Repeated learning prolongs ARM retention through suppression of Cdc42-dependent forgetting 

Xuchen Zhang, et al. Cell Reports. 2016.



WASP family

proteins

SCAR/WAVE

Complex

Rac1

ASM

Forgetting
ARM

Forgetting

Cdc42Rho GTPases

WASp

SCAR/WAVE and WASp, act downstream of Rac1 and Cdc42 separately to regulate ASM and ARM forgetting 

Gao Y, et al. PNAS. 2019



WASP family

proteins

branched actin polymerization linear actin polymerization 

SCAR/WAVE

Complex WASp

Rac1

ASM

Forgetting
ARM

Forgetting

Cdc42Rho GTPases

Arp2/3

Complex
Dia

Rac1 and Cdc42 regulate ASM and ARM forgetting by different actin 

polymerization mechanisms

Gao Y, et al. PNAS. 2019



Rac1 regulates spontaneous recovery of extinguished appetitive memory 

Yang Q, et al. Current Biology. 2023. 



Manipulating Rac1 activity does not affect reward memory 

The extinction of sugar reward memory is encoded as aversive memory 

Yang Q, et al. Current Biology. 2023. 



Spontaneous recovery occurs via the Rac1/Dia pathway of aversive memory forgetting

Yang Q, et al. Current Biology. 2023. 



Impairment of Rac1-dependent forgetting results in behavioral inflexibility in mutants of autism-risk genes 

Dong T, et al. PNAS. 2016.



Summary:

✓ Rac activity is critically involved in active regulation of early memory forgetting

✓ Rac1-dependent forgetting is evolutionarily conserved from invertebrates to vertebrates

✓ Cdc42 specifically regulates forgetting of anesthesia-resistant memory (ARM)

✓ Rac1 and Cdc42 regulate different types of memory forgetting by different actin 

polymerization mechanisms

✓ Spontaneous recovery occurs via the Rac1/Dia pathway of aversive memory forgetting 

✓ Brain disorders are associated with Rac-dependent forgetting

What are neuronal circuits underlying Rac1-dependent forgetting?



The neuroscience of forgetting in Drosophila

——a simple circuit of ASM

MMZ



Why should we forget our memory？

Is forgetting just a passive occurrence？

How does forgetting happen？



• The importance of Rac1 in active forgetting

• Neural circuits involved in forgetting

• How does Rac1 work in neurons



Classical olfactory and courtship conditioning assays

Reversal test

CS

US

NCS+ NCS-

PI=(NCS--NCS+)/N

0 1



• The importance of Rac1 in active forgetting

• Neural circuits involved in forgetting

• How does Rac1 work in neurons



Bidirectional regulation forgetting by Rac1 in MB

Active forgettingRac1



• The importance of Rac1 in active forgetting

• Neural circuits involved in forgetting

• How does Rac1 work in neurons



Dopamine and Rac1 have similar effects on memory

Vogt, Katrin et al., eLife, 2014.



ARM LTM

PPL1 DAN promotes the regression of ASM



Kim, Young-cho, et.al., The Journal of Neuroscience, 2007.

Two types of dopamine receptors are involved in memory and forgetting respectively

Rac1？



Damb has high affinity with small G protein Gαq



MBNs regulates forgetting through GPCR

Rac1



• The importance of Rac1 in active forgetting

• Neural circuits involved in forgetting

• How does Rac1 work in neurons



Scaffolding protein promotes forgetting 

acquisition

consolidation

Rac1

Damb
scrb

？



damb→ Rac

MBNs

Scribble

MBNs

→ Dopa →TH

Scribble→ Rac

MBNs

Damb→Scribble→Rac

MBNs

→ Dopa →TH

The neural circuitry of forgetting



Scribble-Cofilin-Pak3-Rac1

Scribble interacts with Rac1, Pak3, and Cofilin, scaffolding a signalosome for active forgetting



Summary



Scribble has different functions in DANs and MBNs



Take home messages

• Forgetting is important for the formation of new memories.

• Dopamine can not only mediate olfactory learning and memory, 

but also participate in active forgetting.

• Recombination of skeletal proteins in MBNs may cause cell 

imprinting disappear.



Factors affecting forgetting



The potential factors associated forgetting processing

Li Ziqi

2023.03.30



Content

1. How does sleep improve memory?
Dopamine neurons promote active forgetting in the fruit fly's olfactory memory, and sleep 
suppresses the activity of dopamine neurons, a key factor in the control of forgetting

2. How does social isolation  accelerate forgetting of social memory?
Social isolation activated Rac1 protein in the hippocampus of mice, and re-socializing 
reversed Rac1 protein activation and social memory impairment caused by isolation.

3. How can labile memory be actively protected?
Learning/training itself can actively protect newly formed short-term memory by activating 
Raf/MAPK signaling pathway to prevent memory from being quickly forgotten due to 
unexpected interference.



Berry, Jacob A et al. Cell.(2015)

睡眠如何促进记忆？

1.Develop mitochondrial therapeutics.Mitochondrial 
dysfunction is a major hallmark of most neurodegenerative 
disorders, including Alzheimer’s disease (AD) and 
amyotrophic lateral sclerosis (ALS). 

2.Uncover the brain mechanisms that lead to forgetting.



1.Ongoing Dopamine Neuron Activity Is Regulated by Behavioral State

two regions of the DAN 
processes that form 
synaptic connections to 
the MBs

Berry, Jacob A et al. Cell.(2015)



2.Sleep Reduces Ongoing DAN Activity——Gaboxadol 

可逆静止
稳态调节
唤醒阈值增加

加博沙多诱导果蝇真正的睡眠

Berry, Jacob A et al. Cell.(2015)



2.Sleep Reduces Ongoing DAN Activity——Stimulate the sleep neural circuit

Sleep Circuit Stimulation 
Induces Sleep and Rapidly 
and Reversibly Eliminates 
Movement and Ongoing 
DAN Activity

中央大脑中的背扇状体(DFSB)回路

Berry, Jacob A et al. Cell.(2015)



3.Increased Sleep after Learning Impairs Forgetting

Gaboxadol

Stimulate the sleep neural circuit

Berry, Jacob A et al. Cell.(2015)



4.Increased Arousal after Learning Increases Forgetting

Berry, Jacob A et al. Cell.(2015)



Summary 

1.睡眠如何促进记忆？

多巴胺神经元促进果蝇嗅觉记忆的主动遗忘，睡眠抑制了多巴胺神经元的活动，多巴胺是控制遗忘的关键因子

动物不断地在休息和觉醒之间转换行为状态。 内驱力或外部刺

激，使动物进入被唤醒和活跃的状态，进而激活支配MB记忆中

心的DAN。 

认为唤醒诱导的DAN激活增加了MB神经元的可塑性，以促进记

忆更新。

 睡眠通过将行为状态从唤醒中转移出来，从而减少DAN介导的

可塑性和更新，从而有利于记忆的保持。



社交隔离如何导致社交
记忆加速遗忘？



1.Social Isolation Induced a Rapid Decay of SRM through Increased Hippocampal Rac1 Activity

Liu, Yunlong et al. Cell reports.(2018)

social discrimination paradigm

social recognition memory (SRM)



Manipulation of Rac1 Activity Affects the Retention, but Not the Acquisition, of Social Memory

海马的背侧和腹侧区
Rac1-DN：抑制Rac1活性
Rac1-CA：增加Rac1活性

抑制 Rac1 活性对孤立小鼠的社交记忆形成没有影响

Rac1-DN注射的小鼠修复了150分钟社交记忆受损

AAV-RAC1-CA注射对群养小鼠社会记忆的形成没有影响. 
但导致了群养小鼠社交记忆的快速遗忘

Liu, Yunlong et al. Cell reports.(2018)



2.Resocialization Reversed Isolation-Induced Memory Defects and Elevated Rac1-Activity

Liu, Yunlong et al. Cell reports.(2018)



Summary

社交隔离如何导致社交记忆加速遗忘？

1.社交隔离激活了小鼠海马区Rac1蛋白。

2.通过抑制小鼠海马区Rac1蛋白活性可以阻止隔离导致的记忆障碍，而激活Rac1蛋白则加速小鼠社交识别记忆

的遗忘。

3.重新社交活动可以逆转隔离导致的Rac1蛋白激活以及社交记忆障碍。

4.抑制Rac1蛋白活性挽救社交隔离导致的长时程突触增强（LTP）缺陷。

该研究提示社交活动可以保护记忆，

为社交隔离导致的人类认知障碍提供了一定线索。



不稳定记忆如何被主动保护?

Zhang, Xuchen et al.Neuron.(2018)



1.Learning Activates Raf/MAPK Activity in a Brain Region Where Labile Memory Is Formed

表达转基因 UAS-RafGOF，编
码活性 Raf 激酶。通过喂食 
RU486 来实现

MB γ叶是获得厌恶性嗅觉不稳定记忆的关键部位

Zhang, Xuchen et al.Neuron.(2018)

U0126 ：MAPK 通路抑制
剂，损害长期记忆

pharmacological and genetic manipulations of Raf/MAPK activity



2.Labile Memory Retention, but Not Acquisition, Is Bidirectionally Regulated by Raf/MAPK Activity in γ MB Neurons

表达RAF-GOF表现出较慢的记忆
衰减和相似的记忆获得

Zhang, Xuchen et al.Neuron.(2018)

Not Acquisition

Labile Memory

γ MB Neurons



3.Raf-Suppressed Forgetting Is Distinct from Rac1-Mediated Active Forgetting

Zhang, Xuchen et al.Neuron.(2018)U0126 ：抑制MAPK



3.Raf-Suppressed Forgetting Is Distinct from Rac1-Mediated Active Forgetting

Zhang, Xuchen et al.Neuron.(2018)

非联想学习干扰：如电刺激、环
境温度剧变和学习相关的嗅觉刺
激

联想学习干扰：如相似学习干扰
和逆转学习干扰（Rac1）



Summary
不稳定记忆如何被主动保护?

1.学习过程会主动激活Raf/MAPK信号通路。

2.延长这一信号通路激活时间后，观察到短期记忆也被显著的延长，而不影响记忆的形成过程。

缩短这一信号通路激活时间后，短期记忆会发生更快速的遗忘，而且同样不影响记忆的形成。

所以，Raf/MAPK通路会抑制一种遗忘机制。

3.Raf/MAPK所抑制的遗忘可能是独立于Rac1通路存在的另外一种遗忘机制。

Rac1-mediated active forgetting 
Raf-mediated active protection



Repeated Learning

The best for the last

Go sleeping after learning something new

Have a fantastic social life 

Tips for delaying forgetting:

Thank you !
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