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            Abstract
Changes in synaptic connections are considered essential for learning and memory formation1,2,3,4,5,6. However, it is unknown how neural circuits undergo continuous synaptic changes during learning while maintaining lifelong memories. Here we show, by following postsynaptic dendritic spines over time in the mouse cortex7,8, that learning and novel sensory experience lead to spine formation and elimination by a protracted process. The extent of spine remodelling correlates with behavioural improvement after learning, suggesting a crucial role of synaptic structural plasticity in memory formation. Importantly, a small fraction of new spines induced by novel experience, together with most spines formed early during development and surviving experience-dependent elimination, are preserved and provide a structural basis for memory retention throughout the entire life of an animal. These studies indicate that learning and daily sensory experience leave minute but permanent marks on cortical connections and suggest that lifelong memories are stored in largely stably connected synaptic networks.
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                    Figure 1: 
                        Motor learning and novel sensory experience promote rapid dendritic spine formation.
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Figure 2: 
                        A fraction of newly formed spines persists over weeks and correlates with performance after learning.
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Figure 3: 
                        Novel experience promotes spine elimination.
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Figure 4: 
                        Maintenance of daily formed new spines and spines formed during early development throughout life.
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Figure 5: 
                        Spine maintenance in different cell types and cortical layers.
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