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Extended Data Fig. 8 | AN/DN morphologies by cluster. a, Each subpanel 
shows neurons from one AN/DN cluster (Fig. 3d), with all neurons of the cluster 
highlighted in colour in the PCA-UMAP above and the anatomy of neurons in 
the cluster (but only for cells with somas on the right side of the CNS) displayed 
below. DNs are in magenta and ANs are in green. See Supplementary Information 
for Neuroglancer links for flight power, flight steering 1, flight steering 2,  
head orienting, postural control, threat response, proprioceptive, tactile, 
vibratory, reproduction, feeding, taste-touch, visceral control, probing, 

grooming, walking, and walking steering. b, Cosine similarity in ‘from sensory’ 
and ‘to effector’ raw influences for AN/DN clusters. Similarity distributions are 
shown for the same cell type, same cluster, or different clusters comparisons 
(***P ≤ 0.001, **P ≤ 0.01, *P ≤ 0.05, n.s. P > 0.05 pairwise two-sided Wilcoxon 
rank-sum tests with Holm correction, n = 8,438,583 cluster pairs). Box plots: 
centre line, median; box, 25th–75th percentile (IQR); whiskers, 1.5 × IQR; 
outliers not shown.
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Extended Data Fig. 9 | Interactions between AN/DN clusters. a, Direct 
connections between AN/DN clusters, shown as the proportion of each cluster’s 
total input supplied by the upstream cluster. b, The number of shortest paths 
between ANs/DNs in an AN–DN only network (i.e., the BANC synaptic connectivity 
edgelist limited to only ANs and DNs, threshold ≥ 10 synapses) that are between 
≥ 3 clusters. Bars show the number of source→target cell type pairs whose 
shortest path traverses ≥ 3 clusters. Each bar corresponds to a unique cluster 

combination; paths are deduplicated and simplified (no node repeats). The 25 
most common ≥ 3 cluster transits are shown. These short-path connections 
linking ≥ 3 clusters are akin to motifs reported in the larval Drosophila CNS41. 
Note that there are many two-hop paths connecting three different clusters. 
The vignette in Fig. 5c is one such example, from the second most common 
motif here.
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Extended Data Fig. 10 | CNS networks’ cluster influence from sensors and  
to effectors. a, A PCA-UMAP embedding based on direct connectivity between 
BANC neurons (specifically, the eigenvectors of the graph Laplacian, derived 
from the undirected connectivity matrix), where each point is a neuron 
coloured by the CNS network it belongs to. This analysis uses all BANC neurons 
that meet the following criteria: they are proofread, they are not sensory or 
effector neurons or optic lobe intrinsic neurons, and they have > 100 incoming 
and outgoing connections. In total, 50,568 neurons were used for this analysis, 
corresponding to 100% of cell-typed central brain or VNC intrinsic neurons.  
b, Proportion of neurons of each CNS network belonging to select super  

classes/cell classes. Numbers above each bar indicate the total number of 
neurons in each CNS network. c, Number of ANs and DNs in each CNS network. 
ANs and DNs are grouped by cluster (Fig. 3d). d, Adjusted influence of sensory 
neuron sub classes onto CNS networks. Visual projection neuron cell types are 
also included, although they are not sensory neurons. e, Adjusted influence  
of each CNS network onto each other CNS network. f, Adjusted influence of 
mushroom body output neurons and central complex output neurons onto 
AN/DN clusters. g, Adjusted influence of AN/DN clusters onto input neurons  
of the mushroom body and central complex.














