SUPPLEMENTARY METHODS
The methodology used to perform differential expression (DE) analysis was carried out using the R programming language (R Core Team, 2022) and the RStudio integrated development environment (v2022.02.2+485). R packages were downloaded from the Comprehensive R Archive Network (CRAN; http://cran.r-project.org/; Hornik, 2012) and Bioconductor (https://www.bioconductor.org/; Huber et al., 2015) online repositories. All R scripts used to perform the analyses are available to view within the linked GitHub repository (https://githu‌‌b.com/ConorGilesD‌oran/MSc_Thesis_Transcriptomics).

Data Acquisition									  
All datasets used in this study were downloaded from the Gene Expression Omnibus (GEO; https://www.ncbi.nlm.nih.gov/geo/), where they are publicly available. Relevant microarray gene expression datasets were identified by searching the query ‘((Parkinson's disease) AND Substantia nigra) AND Homo Sapiens[Organism]’. Five GEO data series were selected for download, each with a unique accession number: GSE8397 (Moran et al., 2006); GSE7621 (Lesnick et al., 2007); GSE49036 (Dijkstra et al., 2015); GSE20292 (Zhang et al., 2005); GSE20186 (Zheng et al., 2010). The original data series for GSE8397 contained expression data profiled using both the Affymetrix Human Genome U133A Array (GPL96) and the Affymetrix Human Genome U133B Array (GPL97). The original data series for GSE20186 contained expression data profiled using both the Affymetrix Human Genome U133A Array (GPL96) and the Illumina HumanHT-12 V3.0 expression beadchip (GPL6947). For the purposes of this study, only gene expression data profiled using the Affymetrix Human Genome U133A Array (GPL96) or the Affymetrix Human Genome U133 Plus 2.0 Array (GPL570) were used for analysis. These Affymetrix platforms were chosen because three out of the five datasets utilized the GPL96 platform, with the remaining two datasets making use of the GPL570 platform. The GPL96 and GPL570 platforms share 22,277 microarray probes in common, thus allowing for effective merging of the five different GEO data series. For comparison purposes, an independent laser-captured microdissection (LCM) microarray dataset was utilized (GSE20141; Zheng et al., 2010). This study used LCM to quantify the expression of individual SN pars compacta (SNc) neurons from post-mortem brains of 10 PD and 8 control cases. All raw expression data was downloaded in .cel file format.

Pre-processing									      
Gene expression data from all five primary GEO data series was merged together. Merging was performed in order to improve statistical power, to aid in the identification of more significant differentially expressed genes (Taminau et al., 2014; Soto et al., 2015). Pre-processing and merging procedures were adapted from the methodology utilized by Fajarda et al. (2020), the peer reviewed workflow by Klaus and Reisenauer (2018) and the limma package documentation (v3.52.1; Ritchie et al., 2015). Raw .cel files were processed in R using the Affy package (v1.74.0; Gautier et al., 2004). Raw data profiled using the same platform (GPL96 or GPL570) were merged and the combined data underwent Robust Multi-Array Averaging (RMA), which performs the pre-processing methods of background correction, normalization and probe summarization (Irizarry et al., 2003). Phenotype and feature data for all samples and probes was identified using the GEOquery package (v2.64.2; Davis and Meltzer, 2007). Sample metadata was filtered to remove any samples not sourced from SN tissue and cases that were not diagnosed with PD. There were 22,277 probe identifiers shared between both the GPL96 and GPL570 platforms. Using these common probe identifiers and the filtered metadata, the RMA processed data across each platform was merged. For probes mapping to no gene symbol or Entrez identifier, the biomaRt package was used to attempt annotation (v2.52.0; Durinck et al., 2009). Remaining probes with missing annotation were removed. Probes mapping to multiple gene symbols were also removed. Different probe identifiers mapping to the same gene symbol were not removed in the pre-processing stage. These probes were deemed to represent distinct transcripts and it has been recommended that they be treated independently and not averaged per sample (Stalteri and Harrison, 2007). After filtering, 19,675 probes remained. Before conducting downstream analysis, the data was screened for batch effects and outlying samples. Principal component analysis (PCA), pairwise sample correlation analysis and sample clustering were performed. As expected, a significant batch effect was introduced by the two different microarray platforms. Two distinct outlying samples were also detected, GSM506020 and GSM508732. To account for these outliers, the full pre-processing and merging procedures were repeated but with both outliers removed, reducing the final number of samples to 142 (63/79 control/PD split). The batch effect was accounted for within the downstream DE analysis. The comparison LCM data series (GSE20141) was pre-processed in the same manner as the merged dataset, undergoing RMA, biomaRt annotation, probe filtering and outlier detection. No outliers were detected. After pre-processing, the comparison expression matrix contained 41,762 probes and 18 samples.

Differential Gene Expression Analysis 
DE analysis was performed using the limma package in R (v3.52.1; Ritchie et al., 2015). The analysis procedure was in line with the limma documentation and inspired by the methodology utilized by Fajarda et al. (2020) and the workflow published by Klaus and Reisenauer (2018). The gene expression array used in performing this analysis was the filtered merged microarray generated as a result of the pre-processing stage. This array consisted of 19,675 probes and 142 samples, 63 of which were healthy controls, the remaining 79 being PD samples. Firstly, lowly expressed probes were filtered from the merged array. Lowly expressed probes were those which had an expression intensity below a certain threshold in at least 63 samples (number of samples in smallest experimental condition). Filtering of said probes is recommended by the limma documentation and has been shown to improve the sensitivity of DEG identification (Bourgon et al., 2010; Ritchie et al., 2015; Sha et al., 2015; Klaus and Reisenauer, 2018). To perform this ‘soft’ intensity-based method of probe filtering, the median expression of each probe across all 142 samples was first computed. Median probe expression values were then visualized in the form of a density histogram and an expression intensity threshold of 7.2 was selected, which was a value close to the overall array median value of 7.784. This threshold value successfully filtered out the enrichment of low median expression values to the left of the histogram, while also ensuring that a satisfactory number of higher expressed probes would be retained. In the DE analysis design, the main variable of interest was disease status, with the specific comparison of PD versus control being analysed. In order to account for the batch effect arising from the differing microarray platforms, the platform ID associated with each sample was included as a confounding variable in the DE analysis design. Linear model fitting, contrast fitting and empirical Bayes analysis were performed and the full list of results were annotated with gene symbol and Entrez ID information for each probe. Probes with an absolute log fold change (logFC) value of > 0.4 and a false discovery rate (FDR; adjusted p value) of ≤ 0.05 were considered significant. In the case of multiple differentially expressed probes mapping to the same gene symbol, the most significant probe result was retained (lowest adjusted p-value) for downstream analysis. 
The LCM data series (GSE20141) was used for comparison purposes, to examine differential gene expression within individual SNc neurons between PD cases and controls. A median threshold value of 1.7 was selected for this expression data, with probes having expression levels below 1.7 in at least 8 out of the 18 samples being filtered out from the analysis. No batch effect was present. Disease status was included in the analysis design, with the specific comparison of PD versus control being analysed. No FDR or logFC cut-off was employed for this expression data, as the entire list of results was to be generated for appropriate comparison with the DEGs identified within whole SN tissue (merged dataset). Gene co-expression was performed using linear regression.

Immunohistochemistry
Immunohistochemical staining was performed on formalin-fixed paraffin-embedded coronal sections through the human midbrain from early- and late-stage PD cases and healthy age-matched controls. The tissue and associated clinical and neuropathological data were supplied by Parkinson's UK Brain Bank at Imperial College London, funded by Parkinson's UK, a charity registered in England and Wales (258197) and in Scotland (SC037554). Sections were dewaxed in Citroclear, rehydrated through a descending ethanol gradient (100%, 90%, 70%), then an antigen retrieval step was performed by incubation in 0.01 M sodium citrate buffer solution, pH 6.4, for 10 min at 90 °C. Endogenous peroxidase activity was quenched by incubation in 3% hydrogen peroxide, 10% methanol in distilled water for 5 min, then sections were washed three times for 5 min in 1.2% tris-buffered saline (TBS). Non-specific staining was blocked by incubation in 10% goat serum in TBS. Sections were incubated solution of primary antibody (tyrosine hydroxylase (TH; 1:500; Merk Millipore; AB152) or RET (1:500; Abcam; ab134100)) in 1% goat serum in TBS for 48 h at 4 °C. Sections were washed three times for 5 min in TBS, then incubated in solution of secondary antibody (goat-anti-rabbit IgG (1:500, Jackson Immunoresearch Lab)) in 1% goat serum in TBS overnight at room temperature. Sections were washed three times for 5 min in TBS, incubated in streptavidin-biotin-horseradish peroxidase solution (Vector Labs) for 1 h, washed three times for 5 min in TBS, then developed with DAB (Vector Labs). Sections were dehydrated through an ascending ethanol gradient (70%, 90%, 100%), cleared in Citroclear and coverslipped with DPX mounting media (BDH Chemicals). Images were taken using an Olympus BX53 Upright Microscope. 

For densitometric analysis, the intensity of RET receptor expression was also determined using Image J software. Sections from 5 healthy controls, 5 early-stage and 5-late-stage PD patients were analysed (n=5 per group). Ten non-overlapping images were taken for each sample, converted to 8-bit using Image J and the segmented line tool was used to trace the outline of each RET-positive neuron. Background values were subtracted from each related image. Results are presented as average of RET mean intensity normalised to the control. The Statistical analysis was performed using GraphPad Prism software. One-way ANOVA was performed to determine the significant differences in mean RET receptor density in control cases compared to early-stage and late-stage PD. Results were deemed to be significant when p < 0.05. All data are presented as mean ± SEM.

Cell culture 
A α-synuclein expression plasmid were generously donated by Dr Eilis Dowd (National University of Ireland, Galway) and Professor Deniz Kirik (Lund University, Sweden). Adeno associated viral (AAV) vectors were then constructed by Vector Biosystems Inc, Philadelphia, USA. Briefly, AAV2 inverted terminal repeats that coded for the human wild‐type α-synuclein or GFP were packaged using AAV6 capsid proteins producing AAV2/6 viral vectors. Transgene expression was driven by a synapsin‐1 promoter and enhanced using a woodchuck hepatitis virus post‐transcriptional regulatory element (WPRE). The final viral titres for AAV2/6-α-synuclein (AAV-αSyn) and AAV2/6-GFP (AAV-GFP) were 5.2x1013gc/ml and 5.0x1013gc/ml respectively. Embryonic day (E)14 rat VM cultures were plated at a density of 1.0×105 per well of a 24-well plate and transduced with 4µl AAV-GFP or 3.84µl of AAV-αSyn to achieve a multiplicity of infection (MOI) of 2.0×105. Cultures were treated daily with 100ng/ml GDNF commencing 5 days after viral infection (delayed treatment). The experimental end point was at 10 days in vitro (DIV). At this point, E14 VM cultures were fixed in 4% paraformaldehyde (PFA) and processed for immunocytochemistry as previously described (Goulding et al., 2019). Where indicated, cells were incubated for 16 h at 4°C in solution of antibody to TH (1:2000; Merck Millipore) in 1% bovine serum albumin (BSA) in 10mM phosphate-buffered saline (PBS). Following 3 × 5 min washes in PBS-T, cells were incubated in the appropriate Alexa Fluor 594-conjugated secondary antibodies (1:500; Invitrogen) diluted in 1% BSA in 10mM PBS, for 2 h at room temperature in the dark. Following 3 × 5 min washes in PBS with Triton X-100 (PBS-T), cells were counterstained with DAPI (1:3000; Sigma) in 10 mM PBS and imaged using an Olympus IX71 microscope. To assess neuronal morphology or nuclear staining intensity, 5 randomly-selected cells were measured in no less than 6 randomly-selected fields per N, yielding at least 90 neurites or cell bodies analysed per experiment. All experiments were repeated at least 3 times and all analyses were performed using Image J software. Neurite growth data was analysed using a two-way ANOVA with post-hoc Tukey’s test. Results were deemed to be significant when p < 0.05. All data are presented as mean ± SEM.













