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Supplementary Figures 504 

 505 

Supplementary Figure 1 | System for VNC imaging. (a) Photograph of the spherical 506 

treadmill system and (b) schematic of the custom fly holder used in this study. 507 
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 508 

Supplementary Figure 2 | Covariance in fluorescence signals between bilateral 509 

pairs of neurons. Scatter plots comparing %∆R/R signals for left and right (a) dMAN, 510 

(b) MDN, or (c) A1 neuron pairs. Data from each animal are color-coded. 511 

  512 
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Supplementary Videos 513 

Supplementary Video 1 | Extent of VNC imaging volume. 2-photon imaging of 514 

horizontal sections across the dorsal-ventral extent of the VNC and cervical connective. 515 

GCaMP6s (cyan) and tdTomato (red) are expressed throughout the nervous system 516 

(GMR57C10>GCaMP6s; tdTomato). Imaging depth is indicated on the top-left. 517 

 518 

Supplementary Video 2 | Horizontal VNC imaging. 2-photon imaging of a single 519 

horizontal section of the VNC in a walking and grooming fly. GCaMP6s (cyan) and 520 

tdTomato (red) are expressed throughout the nervous system (GMR57C10>GCaMP6s; 521 

tdTomato). Shown are synchronized raw fluorescence images (top-left), %∆F/F images 522 

(top-right), behavior images (bottom-left), and spherical treadmill rotations along the 523 

anterior-posterior (‘AP’), medial-lateral (‘ML’), and yaw axes (bottom-right). 524 

Experimenter-administered air puffs are indicated by the appearance of red boxes 525 

above behavior video images. Video is 4X faster than real-time. 526 

 527 

Supplementary Video 3 | Coronal VNC imaging. 2-photon imaging of a single coronal 528 

section of the VNC in a walking fly. GCaMP6s (cyan) and tdTomato (red) are expressed 529 

throughout the nervous system (GMR57C10>GCaMP6s; tdTomato). Shown are 530 

synchronized raw fluorescence images (top-left), %∆F/F images (top-right), behavior 531 

images (bottom-left), and spherical treadmill rotations along the anterior-posterior 532 

(‘AP’), medial-lateral (‘ML’), and yaw axes (bottom-right). Video is 4X faster than real-533 

time. 534 

 535 

Supplementary Video 4 | Coronal cervical connective imaging. 2-photon imaging of 536 

a single coronal section of the cervical connective in a walking fly. GCaMP6s (cyan) and 537 

tdTomato (red) are expressed throughout the nervous system (GMR57C10>GCaMP6s; 538 

tdTomato). Shown are synchronized raw fluorescence images (top-left), %∆F/F images 539 

(top-right), behavior images (bottom-left), and spherical treadmill rotations along the 540 
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anterior-posterior (‘AP’), medial-lateral (‘ML’), and yaw axes (bottom-right). Video is 4X 541 

faster than real-time. 542 

 543 

Supplementary Video 5 | Coronal cervical connective imaging of dorsal 544 

Moonwalker Ascending Neurons. 2-photon imaging of a single coronal section of the 545 

cervical connective in a behaving fly. GCaMP6s (cyan) and tdTomato (red) are 546 

expressed in MANs (MAN>GCaMP6s; tdTomato). Raw fluorescence images of the left 547 

and right dMANs are presented and outlined by ROIs (top-left). These images are used 548 

to calculate %∆R/R traces for each neuron (top-right). Corresponding behavior 549 

videography (bottom-left) and spherical treadmill rotations along the anterior-posterior 550 

(‘AP’), medial-lateral (‘ML’), and yaw axes (bottom-right) are shown. 551 

 552 

Supplementary Video 6 | Behavioral responses associated with dorsal 553 

Moonwalker Ascending Neuron activity events. Three example behaviors (rows) for 554 

each of three flies (columns) produced at the onset of dMAN fluorescence events. Red 555 

square indicates the time of each fluorescence event (t = 0 s). Video is 3X slower than 556 

real-time. 557 

 558 

Supplementary Video 7 | Coronal cervical connective imaging of Moonwalker 559 

Descending Neurons. 2-photon imaging of a single coronal section of the cervical 560 

connective in a behaving fly. GCaMP6s (cyan) and tdTomato (red) are expressed in 561 

MDNs (MDN-1>GCaMP6s; tdTomato). Raw fluorescence images of the left and right 562 

MDNs are presented and outlined by ROIs (top-left). These images are used to 563 

calculate %∆R/R traces for each neuron (top-right). Corresponding behavior 564 

videography (bottom-left) and spherical treadmill rotations along the anterior-posterior 565 

(‘AP’), medial-lateral (‘ML’), and yaw axes (bottom-right) are shown. 566 

 567 

Supplementary Video 8 | Behavioral responses associated with Moonwalker 568 

Descending Neuron activity events. Three example behaviors (rows) for each of 569 
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three flies (columns) produced at the onset of MDN fluorescence events. Red square 570 

indicates the time of each fluorescence event (t = 0 s). Video is 3X slower than real-571 

time. 572 

 573 

Supplementary Video 9 | Coronal cervical connective imaging of A1 Neurons. 2-574 

photon imaging of a single coronal section of the cervical connective in a behaving fly. 575 

GCaMP6s (cyan) and tdTomato (red) are expressed in A1 neurons (A1>GCaMP6s; 576 

tdTomato). Raw fluorescence images of the left and right A1 neurons are presented and 577 

outlined by ROIs (top-left). These images are used to calculate %∆R/R traces for each 578 

neuron (top-right). Corresponding behavior videography (bottom-left) and spherical 579 

treadmill rotations along the anterior-posterior (‘AP’), medial-lateral (‘ML’), and yaw axes 580 

(bottom-right) are shown. Video is 2X faster than real-time. 581 

 582 

Supplementary Video 10 | Behavioral responses associated with left A1 neuron 583 

activity events. Three example behaviors (rows) for each of three flies (columns) 584 

produced at the onset of left A1 neuron fluorescence events. Red square indicates the 585 

time of each fluorescence event (t = 0 s). Video is 3X slower than real-time. 586 

 587 

Supplementary Video 11 | Behavioral responses associated with right A1 neuron 588 

activity events. Three example behaviors (rows) for each of three flies (columns) 589 

produced at the onset of right A1 neuron fluorescence events. Red square indicates the 590 

time of each fluorescence event (t = 0s). Video is 3X slower than real-time. 591 
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