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Gaining experimental access to neural circuits
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Adeno-associated virus (AAV)
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Rep78/68: involved in genome replication
Rep52/40: involved in genome packaging.
VP 1/2/3: capsid proteins.



Adeno-associated virus (AAV)
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Recombinant AAV (rAAV)

4.9 Kb
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rAAV — Targeting the right cell type — how?
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How do we target specific neuron types with AAV?

1. capsid tropism o @

2. selective promotor

3. recombinase expression /
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rAAV capsid tropism — natural variants
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rAAV capsid tropism — natural variants

Serotype AAV2/1
cortex +++
cerebellum ++
hippocampus ot
olfactory bulb ot
striatum +
substantia nigra -/+

https://doi.org/10.1371/journal.pone.0188830.t001
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rAAV capsid tropism — engineered variants
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rAAV capsid tropism — engineered variants
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rAAV capsid tropism — engineered variants

AAV-DJ (Grimm et al., J. Virol. 2008)
- Broad neuronal tropism

AAV-Retro (Tervo et al., Neuron. 2016)
-Infects neuronal terminals

AAV-Php.eB (Deverman et al., Nat. Biotech. 2016)
-Infects CNS after venous injection

AAV-PhP.S (Deverman et al., Nat. Biotech. 2016)
-Infects PNS after venous injection



rAAV — selective promoters

ITR g Promotor

;

Genera
ciZn= - Astrocytes

S\ /k1e=0 Neurons

~4.9 Kb

WPRE § ITR
hSYN1 —J» Chimeric Intron (146 bp)
(480 bp) 3900 bp + SV40 pA (161 bp)
hSYN1 =P CTTS > WPRE (593 bp)
(480 bp) P +bGH pA (210 bp)
MCMV —3p 5T =1 WPRE (593 bp)
(527 bp) P + bGH pA (210 bp)
NSE ST > WPRE (593 bp)
(1800 bp) P + bGH pA (210 bp)
CBA
(1681 b} Tl T > WPRE (593 bp)

+bGH pA (210 bp)

—e——_ ™1



rAAV — recombinase expression
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How do we target specific neuron types with AAV?

promoter capsid tropism
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Intersectional targeting with AAVs

Victoria Tung



ChAT::Cre; tdTomato

Intersectional targeting with AAVs
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Defining inputs to genetically identified neurons
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Rabies virus as a retrograde transsynaptic tracer

Virus reaches
brain and causes

fatal encephalitis. : e Virus enters

salivary glands
and other
organs of victim.

Virus ascends
spinal cord.

e Virus moves up
peripheral nervous
system to CNS in
spinal cord.

Virus replicates in
muscle near bite.

Virus enters tissue from
saliva of biting animal.



Rabies virus as a retrograde transsynaptic tracer
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Monosynaptic tracing with rabies virus
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Transsynaptic tracing with rabies virus

glycoprotein complementation

AAV




Transsynaptic tracing with rabies virus




Transsynaptic tracing with rabies virus

targeting initial infection with EnvA/TVA
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Transsynaptic tracing with rabies virus

targeting initial infection with EnvA/TVA
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Producing rabies vectors in the lab

GFP
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EnvA-pseudotyping of rabies virus

supernatant

ultracentrifugation

Hek293-TVA
Neuro2A
Hek293




Circuit mapping with rabies virus

A

AAV-FLEX-TVA-mCherry =

SADAG-EGFP(EnvA)
(Rabies virus)
3  Day 1
DAT-Cre AAV-FLEX-TVA-mCherry
AAV-FLEX-RG
- Day 14
o o SADAG-EGFP(EnvA)
o 0
VTA/SNc L Day 21
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Watabe-Uchida et al., 2012



Circuit mapping with rabies virus
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Disadvantages of rabies tracing

Toxicity
B19-GCaMP6f ~_B19-hChR2-YFP

Low transsynaptic spread



Different strains of rabies virus have different properties
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N2c-

Monitoring neural activity with rabies

Experimental design
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Channelrhodopsin stimulation with N2c rabies virus

Experimental design Photostimulation
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ldentifying monosynaptic inputs to LVN-spinal neurons
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|dentifying direct and indirect inputs to LVN-spinal neurons

AAV-Retro-Cre
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|dentifying direct and indirect inputs to LVN-spinal neurons

AAV-DJ-Flex-TVA
AAV-DJ-Flex-G
AAV-Retro-
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|dentifying direct and indirect inputs to LVN-spinal neurons

RABV-EnvA-tdTomato










	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40

