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Supplementary Information 6: Extended discussion of neurotransmission-related genes with variants identified in the concussion cohort
CHAT encodes the enzyme choline acetyltransferase (ChAT), which catalyses the synthesis of the neurotransmitter acetylcholine from acetyl coenzyme A and choline in neurons. Reduced ChAT activity has been associated with a number of disorders including Alzheimer’s disease and amyotrophic lateral sclerosis, and pathogenic variants in CHAT cause congenital neuromuscular disorders [1]. Of relevance to the current study, cholinergic dysfunction has been linked to cognitive outcomes from mTBI [2,3].
The KIF17 gene belongs to the kinesin superfamily proteins (KIFs), which are molecular motors that use ATP to transport cargo along microtubules and primarily mediates fast anterograde transport. KIF17 selectively transports glutamate ionotropic receptor NMDA type subunit 2B (GRIN2B; NR2B) in vesicles along microtubules from the cell body to the dendrites of neurons, which are critical for synaptic plasticity and memory [4].
2-AG synthase diacylglycerol lipase β (DAGLB) encodes a key enzyme in the biosynthesis of endocannabinoid, 2-arachidonoylglycerol (2-AG) and downstream metabolic product arachidonic acid. In traumatic brain injury arachidonic acid derived mediators have been shown to drive inflammatory conditions [5] and recently multiple homozygous loss-of-function mutations in DAGLB have been linked to an early onset form of autosomal recessive Parkinsonism [6].
Two novel variants in SV2C were found in the concussion cohort. SV2C is an important regulator of dopamine release and is consistently altered in Parkinson’s disease [7]. Pathogenic variants in SV2C have been linked to Parkinson’s disease, particularly in Asian populations [8]. SV2C gene encodes synaptic vesicle glycoprotein 2C which is predicted to be active in synaptic function and involved in chemical synaptic transmission and neurotransmitter transport.
UNC13B encodes a presynaptic protein that promotes the priming of synaptic vesicles by acting through syntaxin. The protein also contains domains that are linked to calcium-triggered synaptic transmission [9], a feature of the neurometabolic cascade that follows concussion.
NRG1 encodes the growth factor Neuregulin-1, and there are several proposed neuroprotective effects of NRG1 after brain trauma. In the CNS, NRG1/ErbB4 signaling affects dendritic spine maturation and the formation of inhibitory synapses. NRG1/ErbB4 signaling also dynamically modulates GABAergic transmission via activation of neuronal nitric oxide synthase [10]. NRG1 has been shown to be upregulated in the days following injury [11], and several studies suggest a plausible role for NRG1 in recovery from concussion [12].
The SYT9 gene is widely expressed in the brain and has been recently shown to act as a Ca2+ sensor that regulates the exocytosis of Substance P containing vesicles from striatal neurons [13]. The release of Substance P and binding to NK1 receptors have been demonstrated to mediate a variety of downstream processes post-concussion of traumatic brain injury [14].
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