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MAIN

The anterior lateral motor area (ALM) is part of the frontal motor cortex, involved in the planning, initiation, and execution of skilled motor tasks, particularly those requiring precise control and coordination [START_REF] Inagaki | Neural Algorithms and Circuits for Motor Planning[END_REF]. Dysfunction or inactivation of ALM can lead to impairments in motor control, resulting in difficulties with targeted movements. ALM sends its output to various cortical and subcortical brain regions. Recent studies demonstrated that within ALM, different subpopulations of neurons projecting to specific downstream targets have distinct roles in preparation and execution of voluntary movements. For instance, studies in mice showed that ALM neurons projecting to the thalamus maintain motor planning-related activity during memory epochs, while those projecting to the medulla contribute significantly to the execution of planned movements [START_REF] Economo | Distinct descending motor cortex pathways and their roles in movement[END_REF][START_REF] Inagaki | A midbrain-thalamus-cortex circuit reorganizes cortical dynamics to initiate movement[END_REF]. The ALM receives input from a brain-wide network including multiple cortical and subcortical regions. Recent studies emphasize the importance of long-range inputs, such as thalamocortical inputs, in shaping and coordinating the characteristic activity patterns of ALM neurons during movement planning and execution [START_REF] Inagaki | A midbrain-thalamus-cortex circuit reorganizes cortical dynamics to initiate movement[END_REF][START_REF] Guo | Maintenance of persistent activity in a frontal thalamocortical loop[END_REF][START_REF] Yang | Thalamus-driven functional populations in frontal cortex support decision-making[END_REF]. However, systematic investigation of the specific sources of input to each neuronal subpopulation within ALM was largely lacking. Delineating ALM's upstream input circuitry is essential to understand the diverse functions of ALM in voluntary movements.

To provide a comprehensive picture of input sources to the ALM, in a recent publication, Xu et al. mapped in mice the brain-wide synaptic connections to diverse neuronal subpopulations in the ALM [START_REF] Xu | Whole brain inputs to major descending pathways of the anterior lateral motor cortex[END_REF]. ALM subpopulations were classified based on their subcortical downstream targets: thalamus, SC, pons, and medulla. To probe the upstream circuitry of these subpopulations, the authors employed a sophisticated viral strategy, combining rabies virus with retrograde virus carrying Cre recombinase (Figure 1a). By selectively injecting retrograde Cre virus into each of the downstream subcortical target regions of ALM and performing rabies tracing on the resulting Cre-expressing ALM subpopulations, the authors were able to map the presynaptic input neurons of each projection-specific ALM subpopulation. The comprehensive analysis of the whole-brain input map for each subpopulation revealed that, overall, the ALM subpopulations were targeted by neurons from the same subset of brain regions, primarily in the ipsilateral hemisphere. However, the study brought to light compelling quantitative differences in input weight from upstream cortical and thalamic subregions between the different subpopulations (Figure 1b). Of notable interest were the differences observed between thalamus-projecting ALM neurons and medulla-projecting neurons, discussed in some more detail below. These neurons differ in their gene-expression patterns and perform different roles in motor planning and execution [START_REF] Economo | Distinct descending motor cortex pathways and their roles in movement[END_REF][START_REF] Inagaki | A midbrain-thalamus-cortex circuit reorganizes cortical dynamics to initiate movement[END_REF].

Thalamus-projecting ALM neurons: Xu et al. found that thalamus-projecting ALM neurons received less input from motor thalamic areas compared to other subpopulations [START_REF] Xu | Whole brain inputs to major descending pathways of the anterior lateral motor cortex[END_REF]. This observation may appear surprising given the growing consensus on the causal involvement of the cortico-thalamo-cortical loop in motor planning activity in ALM [START_REF] Economo | Distinct descending motor cortex pathways and their roles in movement[END_REF][START_REF] Guo | Maintenance of persistent activity in a frontal thalamocortical loop[END_REF]. However, this discrepancy might be due, in part, to the distinction between the cell types projecting to the thalamus. In their assay, Xu et al. did not distinguish between pyramidal-tract (PT) neurons in layer 5 and cortico-thalamic (CT) neurons in layer 6, both of which project to the motor thalamus. Previous studies demonstrated that in ALM, PT neurons, but not CT neurons, receive input from the thalamus [START_REF] Guo | Anterolateral Motor Cortex Connects with a Medial Subdivision of Ventromedial Thalamus through Cell Type-Specific Circuits, Forming an Excitatory Thalamo-Cortico-Thalamic Loop via Layer 1 Apical Tuft Dendrites of Layer 5B Pyramidal Tract Type Neurons[END_REF]. Nevertheless, Xu et al. found that among the subnuclei in the motor thalamus, thalamus-projecting neurons preferentially receive input from the ventrolateral and ventromedial nuclei [START_REF] Xu | Whole brain inputs to major descending pathways of the anterior lateral motor cortex[END_REF]. These nuclei act as pivotal relay stations for the cerebellar-thalamo-cortical and basal ganglia-thalamo-cortical pathways, which have been suggested to shape motor preparatory activity in ALM [START_REF] Li | Cortico-cerebellar interactions during goaldirected behavior[END_REF][START_REF] Wang | A cortico-basal ganglia-thalamo-cortical channel underlying short-term memory[END_REF], especially for thalamus-projecting PT neurons [START_REF] Economo | Distinct descending motor cortex pathways and their roles in movement[END_REF].

Notably, the results reported by Xu et al. suggested that ALM receives direct long-range input from the substantia nigra pars reticulata, cerebellum, and superior colliculus [START_REF] Xu | Whole brain inputs to major descending pathways of the anterior lateral motor cortex[END_REF]. The presence of these inputs seems to be at odd with prior anatomical analyses, which, to our knowledge, did not report similar pathways, calling for further work to clarify these discrepancies.

According to Xu et al.'s analysis, the presynaptic neurons in these three areas, labeled through rabies tracing, constituted a very small fraction (<1% of total input neurons), and exclusively connected to thalamus-projecting ALM neurons. As noted by the authors, the presence of these connections requires further validation through functional studies, such as combining patchclamp recordings with optogenetics. If confirmed, these connections could potentially support direct communication from distributed subcortical regions to ALM, which may play a crucial role in modulating the planning and timing of movements.

Medulla-projecting ALM neurons: These neurons are crucial in initiating planned motor movement [START_REF] Economo | Distinct descending motor cortex pathways and their roles in movement[END_REF][START_REF] Inagaki | A midbrain-thalamus-cortex circuit reorganizes cortical dynamics to initiate movement[END_REF]. Recent research has revealed that the midbrain-thalamo-cortical pathway activates these neurons, facilitating the transition in ALM from preparatory activity to execution mode, ultimately triggering planned movements [START_REF] Inagaki | A midbrain-thalamus-cortex circuit reorganizes cortical dynamics to initiate movement[END_REF]. In support of this notion, Xu et al. found that, compared to the other ALM neuron subpopulations, medulla-projecting neurons receive more input from the parafascicular nucleus (PF) [START_REF] Xu | Whole brain inputs to major descending pathways of the anterior lateral motor cortex[END_REF], which in turn receives strong innervation from midbrain structures, such as the pedunculopontine nucleus and midbrain reticular nucleus [START_REF] Inagaki | A midbrain-thalamus-cortex circuit reorganizes cortical dynamics to initiate movement[END_REF]. The preferential connections with PF could shape the ALM output to the medulla, facilitating the release of prepared movements. In the context of motor disorders, it is interesting to note that PF degenerates early in Parkinson's disease [START_REF] Henderson | Degeneration of the centre median-parafascicular complex in Parkinson's disease[END_REF], a neurodegenerative disorder that leads to difficulties in initiating movement. Therefore, the PF-ALM-medulla pathway represents a potential target for addressing such motor disorders.

In conclusion, the work of Xu et al. reveals a complex wiring diagram of inputs that drive each ALM subcircuit, which may support distinct roles in movement preparation and execution.

These insights contribute to our understanding of the neural circuits involved in voluntary movements and may have implications for potential therapeutic interventions targeting motor disorders in the future. providing inputs to ALM starter cells (green/magenta) projecting to the thalamus. Adapted from [START_REF] Xu | Whole brain inputs to major descending pathways of the anterior lateral motor cortex[END_REF]. (B) Proportion of inputs across brain regions to ALM neurons projecting to different downstream targets: thalamus, superior colliculus (SC), pons, and medulla [START_REF] Xu | Whole brain inputs to major descending pathways of the anterior lateral motor cortex[END_REF].
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