
Crossing the Blood-Brain-Barrier for Brain-Wide Anatomical  
and Functional Mapping with novel AAVs and CLARITY 

Viviana Gradinaru, CALTECH  
Director of the Caltech’s Center for Molecular and Cellular Neuroscience   
Assistant Professor of Biology and Biological Engineering 
Heritage Principal Investigator  
 



STN 

vSNc

dSNc

200 µm

ChR2-eYFP / THe

rostral

do
rs

al

Delivering Genes across the Blood-Brain-Barrier 
and Mapping Projections Brain-Wide: 
 AAV engineering and Tissue Clearing 



rAAV transduction of a neuron  



Overview of AAV use in the nervous 
system  



Engineering Vectors for Efficient Delivery of 
Therapeutics to the Whole Brain 

Agents of interest: neuroprotective growth factors, labels for circuit anatomy to inform DBS 
 





Whole-body PARS for viral 
biodistribution 

PARS = Perfusion-Assisted Agent Release in Situ  



Whole-body tissue clearing by PARS for viral biodistribution 

Yang et al. (Cell, 2014) 
Treweek et al. (Nat.Prot, 2015) 

Deverman et al. (Nat.Biotech,2016)  



Brain-wide gene transfer  
via systemic delivery in adult rodent 
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Deverman et al, Nature Biotechnology, 2016  



Long Lasting Expression 





Widespread AAV-mediated delivery for neuronal 
activity dynamics recording during behavior  

A: Gradinaru/Tsao Labs at Caltech  
B: Allen et al, Neuron 2017 



Broadly transducing AAVs permit brainwide transgene 
expression and facilitate neurite tracing.  





High dose inducer Low dose inducer 

Sparse Stochastic Multicolor 
Labelling for Genetic Tracing  



Noninvasive behavioral control: 
modulation of dopamine neurons with systemic AAVS 

and DREADDS changes locomotion 

Systemic PHP.eB in  
TH-Cre+ animals  
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AAVs – potential developments  



Engineering designer AAVs for neuroscience  



Systemic AAVs 



Visualizing the Activity and Anatomy of Brain Circuits: 
Optogenetics, Tissue Clearing, Viral Vectors  
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Chen H, WJMG, 2015 
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Current applications of AAVs: Pre-clinical (1st row) and Clinical (2nd row)  



 



Chan et al, Nature Neuroscience , 2017 



Long Lasting Expression 

Chan et al, Nature Neuroscience , 2017 



Methods for cell type-restricted 
expression in the CNS  
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