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Extended Data Fig. 7 | TH+ cell number in the PAG region remains unchanged 
between mutants and controls. a) The representative image from a control 
mouse shows the PAG in the midbrain region around Bregma −2.488 (based on 
the Allen Brain Atlas). The image is immunostained for TH and visualised with 
a 647 nm far-red secondary antibody. Additionally, EBF3 in green (488 nm) is 
shown together with TH in the inset (b). Yellow arrowheads indicate a TH/EBF3 
positive colocalised cell and white arrowheads indicate a non-colocalising cell. 
c) Bar plot showing total number of TH+ cells colocalising with EBF3 is similar 

between mutants and controls (TrkbPenk-WT, 80.5 ± 7.3 vs TrkbPenk-KO, 84 ± 4.0; 
p = 0.7). d) Bar plot showing the total number of TH+ positive cells that do 
not colocalize with EBF3 (TrkbPenk-WT, 66.5 ± 5.3 vs TrkbPenk-KO, 71 ± 5.0; p = 0.6). 
Values are means ± SEM; n = 3 for each genotype/age, male mice. p statistic 
from unpaired, two-tailed, Student’s t-test. Scale bars, a and b, 100μm; PAG, 
periacqueductal gray; RFP, retroparafascicular nucleus; fr, fasciculus retroflexus, 
Related to Fig. 5.
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Extended Data Fig. 8 | shRNA validation of Cre-dependent recombination. 
a) Graphical view of the viral vector carrying EGFP followed by a lox-stop-
lox preceding the Gsto2-shRNA or scrambled to allow expression only in 
cells carrying Cre recombinase. The Gsto2 and the scrambled sequences are 
highlighted. b) Stereotaxic coordinates were determined from the ‘Mouse 
Brain in Stereotaxic Coordinates’. A representative coronal section at Bregma 
0.245 mm highlights the injection strategy. A maximum of 4 burr holes, 2 in 
each hemisphere, were used to inject pLKO_EGFP_Lox-STOP-Lox_Gsto2-shRNA 
or scrambled shRNA viral vectors by following specific stereotaxic coordinates. 
[Anterior-posterior (AP): 0.95 mm; mediolateral (ML): 2.00 mm; dorsoventral 
(DV): 2.8 and 2.3 mm]. And posterior injection (AP: 0.25 mm; ML: 2.3 mm; DV: 
3 and 2.5 mm). To maximise area coverage, we have used two depths x burr 
hole, injecting 0.625 µl per depth for a total of 1.25 µl per burr hole (details in 
the Method section). c) Representative coronal striatal section of Gsto2-shRNA 
injected TrkbPenk-KO at Bregma 0.25 mm. d) A graph showing the results of viral 

transduction coverage and efficiency. The percentage of transduced cells 
compared with the total iSPNs was similar in scrambled shRNA (∼16.4%) and 
Gsto2-shRNA (~17.7%) injected mice. The efficiency of transduced iSPNs was 
44.5% for the scrambled shRNA and 47% for the Gsto2-shRNA-injected mice. 
Values are means ± SEM; p statistic from unpaired (two-sample t-test). e, f) 
Representative TrkbPenk-KO Gsto2-shRNA injected striatal section immunostained 
for GSTO2 to show the knockdown effect of the shRNA in transduced iSPN+ cells 
(e, highlights the yellow area presented in the overview in f). tdTomato indicates 
the enkephalinergic iSPNs, EGFP indicates shRNA transduced cells, and the 
cyan channel shows the GSTO2 immunostaining. The yellow arrows indicate 
three iSPNs+ transduced with Gsto2-shRNA lacking GSTO2 expression, while the 
white arrows indicate three iSPN+ that were not transduced, retaining GSTO2 
expression. There were no visible signs of any overt toxic damage in the striatum. 
Scale bars of images, c, 500μm; e; f, 50μm. Related to Fig. 6.
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Extended Data Fig. 9 | Gsto2-shRNA striatal injection rescues the 
dopaminergic dysfunction and NPY/SST expression. a–c) Representative 
images of TH immunofluorescence of the whole SNc/VTA brain region from 
TrkbPenk-WT control (a), TrkbPenk-KO mutant injected with Gsto2-shRNA (b) or 
scrambled-shRNA (c) in the striatum at 3 M. d–f) shows a higher magnification of 
one side (as indicated by the arrow) of the SNc/VTA images in panels (a–c). g–i) 
Representative whole dorsal striatal images of NPY immunofluorescence from 
TrkbPenk-WT control (g), TrkbPenk-KO mutant injected at 3 M with Gsto2-shRNA (h) or 
scrambled-shRNA in the striatum (i) and analysed at 15 W. j–l) Representative 
whole dorsal striatal images of NPY immunofluorescence from TrkbPenk-WT control 
(j), TrkbPenk-KO mutant injected at 3 M with Gsto2-shRNA (k) or scrambled-shRNA 

(l) in the striatum and analysed at 8 M. m–o) Representative whole dorsal striatal 
images of SST immunofluorescence from TrkbPenk-WT control (m), TrkbPenk-KO 
mutant injected at 3 M with Gsto2-shRNA (n) or scrambled-shRNA in the striatum 
(o) and analysed at 15 W. p–r) Representative whole dorsal striatal images of SST 
immunofluorescence from TrkbPenk-WT control (p), TrkbPenk-KO mutant injected at 
3 M with Gsto2-shRNA (q) or scrambled-shRNA (r) in the striatum and analysed 
at 8 M. Scale bars, c, 400μm; f, 300μm. i, l, o and r, 200μm. Related to Fig. 7, 
the images presented here are from cohorts used in Fig. 7a–f, i–r (n = 3 for each 
genotype, male mice). These experiments were repeated on additional cohorts, 
yielding similar results.
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