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Fig.1 Comparison of the anatomical locations of the MLR across different animal species
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Fig. 2 The coronal section of the mouse brain shows the anatomical location of the midbrain isthmus
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(parabigeminal nucleus); PPN: fi#F4% (pedunculopontine nucleus); Scp: /IMigi [ (superior cerebellar peduncle)
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Fig.3 The coronal section of the mouse midbrain illustrates the anatomical location of MR and its neuronal types
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(substantia nigra pars compacta, SNc) I 5t [k
#l  (substantia nigra pars reticulata, SNr) .
Roseberry % ' & B, SNrf) GABA et £t LA
1] PPN A& (5 5, Ml e ph 2 oniis s, Rewe
g /N A4 #%9%  (Parkinson’ s disease, PD)
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MRF 1 E 4f fig W R #%  (gigantocellular reticular

Fig. 4 CnF and PPN mediate different motor pathways'

nucleus, Gi) A1 R K K 40 g #  (reticular
magnocellular nucleus, Mc) 4%, McARHENLEA
[@ 3 4y S A0 /AR 5% B4 B #%  (lateral
paragigantocellular nucleus, LPGi), FE 4 MRAZ
a (alpha part of the gigantocellular reticular nucleus,
GiA) 1 & M ™ IR %  (ventral part of the
gigantocellular nucleus, GiV) " “ (& 4), W5
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B2, AiEEAERARE (G, B (GiV), o5 (GiA). B H#Bsr 214>k Ahttps: //smart.servier.com/,
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Fig. 5 The coronal section of the zebra finch brain shows the anatomical location of the midbrain isthmus
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The Mesencephalic Locomotor Region for Locomotion Control

GUO Xing-Chen", XIE Yan", WEI Xin-Shuo", LI Wen-Fen”, SUN Ying-Yu""
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Abstract -~ Locomotion, a fundamental motor function encompassing various forms such as swimming, walking,
running, and flying, is essential for animal survival and adaptation. The mesencephalic locomotor region (MLR),
located at the midbrain-hindbrain junction, is a conserved brain area critical for controlling locomotion. This
review highlights recent advances in understanding the MLR's structure and function across species, from
lampreys to mammals and birds, with a particular focus on insights gained from optogenetic studies in mammals.
The goal is to uncover universal strategies for MLR-mediated locomotor control. Electrical stimulation of the
MLR in species such as lampreys, salamanders, cats, and mice initiates locomotion and modulates speed and
patterns. For example, in lampreys, MLR stimulation induces swimming, with increased intensity or frequency
enhancing propulsive force. Similarly, in salamanders, graded stimulation transitions locomotor outputs from
walking to swimming. Histochemical studies reveal that effective MLR stimulation sites colocalize with
cholinergic neurons, suggesting a conserved neurochemical basis for locomotion control. In mammals, the MLR
comprises two key nuclei: the cuneiform nucleus (CnF) and the pedunculopontine nucleus (PPN). Both nuclei
contain glutamatergic and GABAergic neurons, with the PPN additionally housing cholinergic neurons.
Optogenetic studies in mice by selectively activating glutamatergic neurons have demonstrated that the CnF and
PPN play distinct roles in motor control: the CnF drives rapid escape behaviors, while the PPN regulates slower,
exploratory movements. This functional specialization within the MLR allows animals to adapt their locomotion
patterns and speed in response to environmental demands and behavioral objectives. Similar to findings in
lampreys, the CnF and PPN in mice transmit motor commands to spinal effector circuits by modulating the

activity of brainstem reticular formation neurons. However, they achieve this through distinct reticulospinal
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pathways, enabling the generation of specific behaviors. Further insights from monosynaptic rabies viral tracing
reveal that the CnF and PPN integrate inputs from diverse brain regions to produce context-appropriate behaviors.
For instance, glutamatergic neurons in the PPN receive signals from other midbrain structures, the basal ganglia,
and medullary nuclei, whereas glutamatergic neurons in the CnF rarely receive inputs from the basal ganglia but
instead are strongly influenced by the periaqueductal grey and inferior colliculus within the midbrain. These
differential connectivity patterns underscore the specialized roles of the CnF and PPN in motor control,
highlighting their unique contributions to coordinating locomotion. Birds exhibit exceptional flight capabilities,
yet the avian MLR remains poorly understood. Comparative studies suggest that the pedunculopontine tegmental
nucleus (PPTg) in birds is homologous to the mammalian PPN, which contains cholinergic neurons, while the
intercollicular nucleus (ICo) or nucleus isthmi pars magnocellularis (ImC) may correspond to the CnF. These
findings provide important clues for identifying the avian MLR and elucidating its role in flight control. However,
functional validation through targeted experiments is urgently needed to confirm these hypotheses. Optogenetics
and other advanced techniques in mice have greatly advanced MLR research, enabling precise manipulation of
specific neuronal populations. Future studies should extend these methods to other species, particularly birds, to
explore unique locomotor adaptations. Comparative analyses of MLR structure and function across species will
deepen our understanding of the conserved and evolved features of motor control, revealing fundamental
principles of locomotion regulation throughout evolution. By integrating findings from diverse species, we can
uncover how the MLR has been adapted to meet the locomotor demands of different environments, from aquatic
to aerial habitats.

Key words locomotion, mesencephalic locomotor region (MLR), cuneiform nucleus (CnF), pedunculopontine
nucleus (PPN)
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