SPECIFIC AIMS 

Challenge, Innovation and Impact Statement: 
1. What is the fundamental paradigm or problem that will be addressed? A tremendous amount of research has provided us with an understanding of how neurons work in concert to enable learning and memory. While we now are beginning to understand how single memories are stored in a limited number of brain regions, we do not understand how multiple memories are stored across whole-brain neural networks, as well as their real-time dynamics, genetic topography, and physical wiring. What are needed now are technologies (e.g., genetic tools) to bridge the gap in our understanding between microscopic interactions at the neuronal level and macroscopic structures that perform computations across networks as multiple experiences are stored in the brain. By combining two activity-dependent tagging systems, this proposal addresses the critical need for obtaining a map of multiple memories across the brain with single-cell resolution and will provide the dynamic states of these memory trace networks in the context of behavioral performance and memory expression. 
2. How does your proposed research challenge the existing paradigm or seek to establish a new paradigm? Our proposed research will establish a new quadruple transgenic murine line as well as an all-virus approach to label discrete experiences in the brain. These strategies allow for multiple memories to be tagged with single-cell resolution across the entire brain and permit for optical perturbations as well. 
3. What is exceptionally novel or innovative about your perspective and/or approach? To date, numerous laboratories have utilized genetic systems to tag activated neurons during learning and to compare these neurons with a secondary population of activated neurons during memory retrieval. However, all systems have only been able to visualize a single memory. Our proposal is novel in that we aim to tag and manipulate multiple memories brain-wide while providing unprecedent single-cell resolution.  
4. Why is testing the hypothesis or solving the problem important for the field and for the NIH scientific enterprise as a whole? We believe that solving this problem is especially relevant to the NIH scientific enterprise. For example, a question of the NIMH’s Learning and Memory Program is: “What biological, systems-level mechanisms underlie how information is learned, recalled, and modified when needed?” This particular program has an area of emphasis defined as: “understanding how ensembles and networks of neurons are coordinated to implement learning and memory.” While also relevant to the NIMH, we believe that our innovative approach to resolve the underlying brain-wide neural mechanisms mediating learning and memory is applicable for the entire NIH given the fundamental role that basic neuroscience plays in understanding the causal basis of learning and memory. This genetic mouse model, all-virus system, and whole-brain analysis will allow researchers an unprecedented look at how multiple memories are stored across brain circuits and how factors such as disease states impact the storage and expression of discrete memories. 
5. What is the potential breadth and magnitude of the project’s impact on science and/or health? If funded, this project will result in whole-brain maps of multiple memories with single-cell resolution. Although the impact is initially for basic science, we hope to one day apply this technology to better understand how memories are altered in disease states such as: cognitive disorders (e.g., Alzheimer’s disease (AD) or age-related cognitive decline (ARCD)), or psychiatric disorders (e.g., post-traumatic stress disorder (PTSD) and depression). In the future, we hope to align our multiple memory trace maps with human fMRI imaging data to better understand how memories are lost or impaired in normal and disease states. 
Rationale: 
1. What is the underlying logic or rationale driving the proposed research? Dr. Ramirez and Dr. Denny have each created and/or utilized an activity-dependent tagging system to identify how individual memories are created, stored, and retrieved. Our rationale now is to increase the resolution of our systems by joining the two genetic tools to label and manipulate multiple memory traces in the same organism. 
2. What is the specific gap in knowledge or technology that will be addressed, and how will the outcome of this study dramatically propel the field forward? While both of these systems have been extremely useful for identifying how a neural ensemble is activated during memory encoding and/or retrieval, they have yet to be combined in order to tag multiple memories. We do not yet know if an aversive memory influences positive or neutral memory expression, nor do we know if positive memories influence previously learned fear memories. With this combined system we can identify first how multiple memories are stored and secondly how they influence each other’s expression in healthy and maladaptive states. 
3. What innovations in technology or approach will be necessary to attack the problem? We will first develop and validate our quadruple transgenic system and all-virus system for tagging multiple memories. We will then utilize behavioral assays, whole-brain immunohistochemistry and imaging, in vivo Ca2+ imaging, optogenetics, viral targeting to identify the neural circuits underlying each type of memory (e.g., positive or negative) and fluorescence-activated cell sorting (FACS) to better understand how multiple memories are stored with single-cell resolution, how they are activated during behavioral expression, and corresponding molecular landscape of an individual memory.
