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ABSTRACT Objective: To investigate the whole brain input and output projection of dopamine neuron in the ventral tegmental areal
(VTA), analyse the whole brain upstream and downstream neural circuits connections. Methods: The mixture of helper viruses
AAV-EF1a-DIO-GT and AAV-EF1a-DIO-G (1:1) was injected into the VTA of DAT-cre transgenic mice under stereotaxic apparatus.
After two weeks, recombinant rabies virus (RV) EnVA-RV-mCherry was microinjected into VTA, One week later, the RV virus com-
pleted retrograde transsynaptic infection and fully expressed the fluorescent protein, prepare whole brain frozen section, scan the sections
with an automatic scanning fluorescence microscope. The anterograde tracing virus AAV-EF1a-DIO-GFP was microinjected into the
VTA of DAT-cre transgenic mice under stereotaxic apparatus. After two weeks, virus and fluorescent protein were fully expressed, pre-
pare whole brain frozen sections, the sections containing VTA were immunofluorescence stained with (tyrosine hydroxylase)TH anti-
body, scan the sections with an automatic scanning fluorescence microscope. Results: RV retrograde transsynapse tracing results shows,
the neurons expressed red fluorescent protein carried by RV virus distributed in many region of whole brain. Mainly includes the anterior
cortex, striatum, nucleus accumbens(NAc), preoptic area of hypothalamus(POH), lateral hypothalamus(LH), paraventricular nucleus of
hypothalamus (PVN), amygdala, ventral tegmental area(VTA), substantia nigra(SN), dorsal raphe (DR), parbrachial nucleus (PBN) and
habenula (HB). Anterograde tracing results shows, the fibers expressing GFP were mainly concentrated in the medial prefrontal cortex
(mPFC), striatum, nucleus accumbens(NAc), lateral septal nucleus(LS), amygdala, and lateral hypothalamus(LH). Conclusion: The up-
stream input projections of VTA dopamine neurons were widely distributed in the whole brain, including the anterior cortex, basal gan-
glia area, hypothalamus area, limbic system, and many nuclear in the midbrain. The downstream output projections of VTA dopamine
neurons were mainly concentrated in the nucleus accumbens (NAc) and striatum of the basal ganglia, but also some projection in the me-
dial prefrontal cortex(mPFC) and hypothalamus.
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Fig.l Retrograde tracing virus injection and fluorescent protein expression of dopamine neurons in VTA
A location of the virus injection; B: fluorescent protein expression of retrograde tracing virus in VTA; C: The proportion of merged neuron in VTA;
D: The expression of red fluorescent protein of RV virus; E: The expression of green fluorescent protein of helper viruses; F: The fluorescent protein

co-expression of RVvirus and helper virus( scale bar: 50 wm).
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Fig.2 Anterograde tracing virus injection and fluorescent protein expression of dopamine neurons in VTA
A: location of the virus injection; B: fluorescent protein expression of anterograde tracing virus in VTA; C: The expression of green fluorescent protein of
anterograde tracing virus; D: TH immunofluorescence staining with red fluorescent protein; E: Fluorescent protein merged expression of anterograde

tracing virus and TH immunofluorescence stainin(scale bar: 50 wm ).
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Fig.3 Retrograde transsynaptic tracing reveals inputs to VTA dopamine neurons( —)

A: fluorescent protein expression of tracing virus in anterior cortex neurons; B: fluorescent protein expression of tracing virus in NAc neurons;

C-D: fluorescent protein expression of tracing virus in BST neurons, VP neurons, and LPO neurons; E: fluorescent protein expression of tracing virus in

amygdala neurons, LH neurons, and PVH neurons; F: fluorescent protein expression of tracing virus in HB neurons( scale bar:1 mm ).
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Fig.4 Retrograde transsynaptic tracing reveals inputs to VTA dopamine neurons( —)

G: fluorescent protein expression of tracing virus in hypothalamus(Pef) neurons; H: fluorescent protein expression of tracing virus in SN neurons,
and VTA neurons; I: fluorescent protein expression of tracing virus in DR neurons; G: fluorescent protein expression of tracing virus in PBN neurons;

(scale bar:1 mm ).
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Fig.5 Anterograde tracing reveals outputs of VTA dopamine neurons

C

A: nerve fiber projection in mPFC, striatum, NAc, and VP; B: nerve fiber projection in LSD, BNST, VP, and TU; C: nerve fiber projection in Amy,

and LH;( scale bar:1 mm ).
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