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Figure 1. Onset of dbd-Gal4 and A08a-LexA expression in the embryo and early larva. (A–C) Stage 14, 15, and 17 fixed embryos. dbd-Gal4 pattern 
labeled with smGdP-myr::HA (white). Stage 14, n=4 animals; stage 15, n=13 animals; stage 17, n=17 animals. Cell bodies not in the body wall are likely 
part of the gut. Insets show zoomed in view of dbd outlined by yellow dashed box. White dashed line indicates outline of central nervous system (CNS). 
Midline indicated by white dashed line at the bottom of each image. Scale bars, 20 μm. (D) Dorsal view of VNC at 2±2 hr after larval hatching (alh) 

Figure 1 continued on next page
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showing A08a-LexA expression pattern labeled with smGdP-myr::V5 in white. Arrow heads indicate the medial and lateral dendrites. In this image, LexA 
expression is on in A1R, weakly in A2R, and not at all in the opposing A1L and A2L hemisegments. n=7 animals. (E) Dorsal view of VNC at 26±2 hr alh. 
A08a-LexA is expressed robustly in all hemisegments at this time. n=7 animals. Images are max intensity projections. Scale bars, 5 μm. Midline indicated 
by white dotted line. (F) Illustrations summarizing results in A–D.

Figure 1 continued
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Figure 1—figure supplement 1. Neurons with the 
most synapses with A08a. All neurons from A1 in the 
CATMAID TEM volume, shown in posterior and dorsal 
views. Green, A08a neuron with lateral dendrite arbor, 

Figure 1—figure supplement 1 continued on next page
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medial dendrite arbor, and output domain. Magenta, 
top inputs to A08a; note that all neurons choose to 
synapse with only one domain: lateral, medial, or axon/
output.

Figure 1—figure supplement 1 continued
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Figure 2. Dendrite development is promoted by presynaptic axons. (A) Left: Illustration of wild-type dbd (pink) and A08a (green). dbd projects to the 
A08a medial dendrite. Right: A08a dendritic domain (boxed region shown in cartoon). dbd (pink) contacts the medial A08a dendrite (green). Secondary 
image of A08a channel alone (white) shows two distinct dendritic domains. (B) Left: Robo2 misexpression leads dbd to project to the A08a intermediate 
dendritic domain. Right: dbd contacts the intermediate A08a dendritic domain, where there are ectopic dendrites. (C) Left: Unc-5 misexpression leads 

Figure 2 continued on next page
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dbd to project to the A08a lateral dendrite. Right: dbd contacts the lateral A08a dendrite, where there is ectopic dendritic material. Scale bar, 5 μm. 
Micrographs are from larvae aged 24±4 hr after larval hatching (alh). (D) Cumulative distribution of A08a dendrite volume (voxels) across the lateral-
medial axis in conditions where dbd projects to the medial (gray, n=17 cells, 11 animals), intermediate (cyan, n=20 cells, 10 animals), or lateral (orange, 
n=11 cells, 10 animals) A08a dendrite. Solid line = mean distribution; shaded area = standard error of the mean (SEM). A08a dendrites receiving input 
from intermediate or lateral dbd neurons have significantly different volume distributions from wild-type dendrites (lacZ vs. robo-2, p=0.004; lacZ vs 
unc-5, p=6.3e-6. Two-way Kolmogorov-Smirnov test). Note that the control LacZ trace is the same for top and bottom panels. (E) Relative lateral-medial 
distribution of A08a dendrite branch points from the main A08a neurite in conditions where dbd projects to the medial (gray, n=11 cells from 7 animals) 
or intermediate (cyan, n=15 cells from 8 animals) dendritic domain. Lateral, intermediate, and medial boundaries are demarcated based on the local 
minimum of the LacZ distribution. (F) Proportion of branches occupying lateral, intermediate, and medial A08a dendritic domains when dbd projects 
to the medial dendrite (gray, n=11 cells from 7 animals) or intermediate zone (cyan, n=15 cells from 8 animals). Individual points represent single cells. 
When dbd projects to the intermediate domain, there are more A08a branches in the intermediate domain and fewer in the medial domain (Lateral 
Domain: lacZ vs. robo-2, p=0.85; Intermediate Domain: lacZ vs. robo-2, p=0.003; Medial Domain: lacZ vs. robo-2, p=0.007. Statistics computed using 
two-tailed unpaired t-test with unequal variance).

Figure 2 continued
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Figure 3. dbd ablation causes A08a lateral dendrite expansion. (A) Control VNC at 24±2 hr after larval hatching (alh), dorsal view. A08a neurons (green) 
are innervated by dbd neurons (magenta). Scale bar, 10 μm. (B) Control A08a neurons from abdominal segment 1 of (A), posterior view. Scale bar, 5 μm. 
(B’) Imaris filament reconstruction of A08a dendrites in (B). Scale bar, 5 μm. (C) dbd ablation VNC at 24±2 hr alh, dorsal view. A08a neurons (green) lack 
innervation from dbd neurons (magenta). (D) A08a neurons in dbd ablation background from abdominal segment 1 of (C), posterior view. Scale bar, 

Figure 3 continued on next page
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5 μm. (D’) Imaris filament reconstruction of A08a dendrites in (D). Scale bar, 5 μm. (E) Average dendrite length of lateral and medial A08a dendritic 
arbors in LacZ (control, gray, n=28 animals) or Hid-expressing animals (green, n=11 animals). Hid animals have longer lateral dendrites (p=3.74e-5) 
but unchanged medial dendrite length (p=0.56). Values normalized to control mean for either lateral or medial arbor. Circles represent single-animal 
averages between left and right hemisegments. Values for Hid-expressing animals with 0 remaining dbd neurons innervating A1 segment are shown 
in (E) and (F). (F) Number of dendrite branch points of lateral and medial A08a dendritic arbors in LacZ (control, gray, n=28 animals) or Hid-expressing 
animals (green, n=11 animals). Hid animals have more branched lateral dendrites (p=8.26e-6) and unchanged levels of branching among medial 
dendrites (p=0.06). (G) Total A08a dendrite length when A08a is innervated by 4 (LacZ control, n=28 animals), 2 (Hid, n=6 animals), 1 (Hid, n=6 animals), 
or 0 (Hid, n=10 animals) dbd neurons. No statistical difference between 4 vs. 2 dbds (p=0.31) or 0 vs 1 dbd (p=0.50). 1 dbd vs. 4 dbds results in longer 
A08a dendrites (p=0.001) and 0 vs. 4 dbds results in longer A08a dendrites (p=0.005). Circles represent single-animal dendrite length summed across 
left and right hemisegments. Data are normalized to dendrites innervated by 4 dbd neurons (LacZ control). Statistics computed using two-tailed 
unpaired t-test with unequal variance. n.s.=not significant, p>0.05.

Figure 3 continued
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Figure 3—figure supplement 1. Validation of dbd ablation. (A) Illustration of embryonic sensory neuron anatomy (modified from Ghysen et al., 
1986). Sensory neuron anatomy is segmentally repeated, and cell bodies are in stereotyped positions in the dorsal-ventral axis. Dbd cell bodies are 
highlighted in pink, positioned at the base of the dorsal-most cluster or cell bodies. Anterior is to the left. (B) Percentage of hemisegments containing 
an intact dbd cell body, identified by 22C10 staining in control (gray) or Hid-expressing (green) embryos. All control embryos had dbd 22C10 labeling 
in 100% of hemisegments (n=14 embryos). Hid-expressing embryos had fewer dbd neurons (n=6 embryos; p=0.01, two-tailed unpaired t-test). Hid 
embryos with 100% of dbd neurons intact (n=3 embryos) were likely CyO+ instead of Hid+ (see Materials and methods). (C–C’) Stage 17 control embryo. 
22C10 labels all sensory neurons (green), dbd-Gal4>myr::HA labels dbd and other cells (magenta). Scale bar, 20 μm. (C’) Substack of dbd cell bodies 
(filled arrowheads) boxed in (C). Scale bar, 20 μm. (D–D’) Stage 17 Hid-expressing embryo. 22C10 labels all sensory neurons (green), dbd-Gal4>smGdP-
myr::HA labels dbd and other cells. Scale bar, 20 μm. (D’) Substack of dbd cell bodies boxed in (D). dbd cell bodies are present in the first and last 
segment (filled arrowhead) and missing in the middle two segments (empty arrowhead), indicative of successful ablation. Scale bar, 20 μm.
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Figure 4. Chronic silencing of dbd activity drives A08a dendrite elongation. (A) Representative crawling trace of inactive tetanus toxin light chain (TNT) 
control larva (26±2 hr after larval hatching [alh]). Trace is color-coded by time. Scale bar, 1 mm. (B) Representative crawling trace of TNT larva (26±2 hr 
alh). (C) Representative crawling trace of control LacZ-expressing larva (24±2 hr alh). Trace is color-coded by time. Scale bar, 1 mm. (D) Representative 
crawling trace of Shibirets larva (24±2 hr alh). (E) Number of locomotor waves (forward and reverse) initiated in 1 min, normalized to corresponding 

Figure 4 continued on next page
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control. Control animals (gray) initiate more locomotor waves relative to animals with silenced dbd neurons (blue). Inactive TNT, n=10 animals; TNT, 
n=10 animals; LacZ, n=10 animals; Shibirets, n=10 animals (inactive TNT vs. TNT, p=0.002; LacZ vs. Shibirets, p=0.007). Circles represent locomotor 
waves of single animals. (F) Control A08a neurons at 26±2 hr alh, posterior view. (F’) Posterior view of Imaris filament reconstruction of A08a dendrites 
in (F). (F”) Dorsal view of (F’). (G) A08a neurons receiving input from TNT-expressing dbds at 26±2 hr alh, posterior view. (G’–G") Imaris filament 
reconstructions of dendrites in (G). (H) Average dendrite length of lateral and medial A08a dendritic arbors in inactive TNT (control, gray, n=15 animals) 
or TNT-expressing animals (blue, n=14 animals) (Lateral Dendrite: p=8e-4; Medial Dendrite: p=1.4e-5). (I) Number of dendrite branch points of lateral 
and medial A08a dendritic arbors in inactive TNT (control, gray, n=15 animals) or TNT-expressing animals (blue, n=14 animals) (Lateral Dendrite: 
p=7.9e-5; Medial Dendrite: p=5e-8). (J) Control A08a neurons at 24±2 hr alh, posterior view. (J’–J") Imaris filament reconstructions of dendrites in (J). (K) 
A08a neurons from receiving input from Shibirets-expressing dbd, posterior view. (K’–K") Imaris filament reconstructions of dendrites in (K). (L) Average 
dendrite length of lateral and medial A08a dendritic arbors in LacZ (control, gray, n=16 animals) or Shibirets-expressing animals (blue, n=16 animals) 
(Lateral Dendrite: p=5.9e-7; Medial Dendrite: p=0.002). (M) Number of dendrite branch points of lateral and medial A08a dendritic arbors in LacZ 
(control, gray, n=16 animals) or Shibirets-expressing animals (blue, n=16 animals) (Lateral Dendrite: 1.3e-8; Medial Dendrite: 4.6e-4). Images in F–G” and 
J–K” are Imaris 3D projections, Scale bars, 5 μm. Statistics computed using two-tailed unpaired t-test with unequal variance.

Figure 4 continued
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Figure 5. Chronic activation of dbd reduces A08a dendrite length. (A) Representative crawling trace of control (UAS-lacZ) larva (25±2 hr after larval 
hatching [alh]). Trace is color-coded by time. Scale bar, 1 mm. (B) Representative crawling trace of CsChrimson larva (25±2 hr alh). (C) Average number 
of locomotor waves (forward and reverse) per second, normalized to control average. Control animals (gray) initiate more locomotor waves relative to 
animals with Chrimson-activated dbd neurons (magenta) (p=8e-4). Control, n=16 animals; Chrimison, n=17 animals. (D) Control A08a neurons control 
animal at 25±2 hr alh, dorsal view. (D’) Imaris filament reconstructions of dendrites in (D). (E) A08a neurons receiving input from CsChrimson-expressing 
dbd neurons, activated throughout development. (E’) Imaris filament reconstructions of dendrites in (E). (F) Average dendrite length of lateral and 
medial A08a dendritic arbors in control (gray, n=6 animals) or CsChrimson-expressing animals (magenta, n=6 animals) (Lateral Dendrites: p=0.22; Medial 
Dendrites: p=0.008). (G) Number of dendrite branch points of lateral and medial A08a dendritic arbors in control (gray, n=6 animals) or CsChrimson-
expressing animals (magenta, n=6 animals) (Lateral Dendrites: p=0.06; Medial Dendrites: p=0.01). Images are Imaris 3D projections. Scale bars, 5 μm. 
Values for all quantification normalized to control mean for either lateral or medial arbor. Circles represent single-animal averages between left and right 
hemisegments. Statistics computed using two-tailed unpaired t-test with unequal variance. n.s.=not significant, p>0.05.
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Figure 6. A08a dendrite plasticity is confined to a critical period in larval development. (A) Experimental design. Hid expression was inhibited at 18°C 
by Gal80ts (gray bars). Hid expression was induced by shifting animals to 30°C (green bars) at the 25°C equivalent of 0 hr after larval hatching (alh), 
24 hr alh, and 48 hr alh. A08a dendrites were assayed for length and branching at the 25°C developmental equivalent of 72 hr alh. (B) Fraction of dbds 
absent in control (UAS-lacZ) or ablation (UAS-hid) samples at 72 hr alh after initiating Hid expression at 0 hr alh (control n=11 animals; hid n=10 animals), 

Figure 6 continued on next page
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24 hr alh (control n=15 animals, Hid n=6 animals), and 48 hr alh (control n=13 animals, Hid n=6 animals). (C) Representative images of control (top) and 
ablation (bottom) samples showing first two abdominal segments. Samples are from the 48 hr alh ablation cohort, and were imaged at 72 hr alh. Control 
animals retain the full complement of dbds, while the hid sample shows a missing dbd in A2 indicated by the asterisk (*). Scale bars, 10 μm. (D) Control 
A08a raised continuously at 18°C. Imaris filament reconstructions of A08a dendrites in (D’). (E) A08a in hid-expressing animal raised continuously at 
18°C. Imaris filament reconstructions of A08a dendrites in (E’). (F) A08a in control animal shifted to 30°C at 0 hr alh. Imaris filament reconstructions of 
A08a dendrites in (F’). (G) A08a in hid-expressing animal shifted to 30°C at 0 hr alh. Imaris filament reconstructions of A08a dendrites in (G’). (H) A08a in 
control animal shifted to 30°C at 24 hr alh. Imaris filament reconstructions of A08a dendrites in (H’). (I) A08a in hid-expressing animal shifted to 30°C at 
24 hr alh. Imaris filament reconstructions of A08a dendrites in (I’). (J) A08a in control animal shifted to 30°C at 48 hr alh. Imaris filament reconstructions of 
A08a dendrites in (J’). (K) A08a in hid-expressing animal shifted to 30°C at 48 hr alh. Imaris filament reconstructions of A08a dendrites in (K’).Images in 
D-K are Imaris 3D projections. Scale bars, 5μm. (L) Average dendrite length of lateral (left) and medial (right) A08a dendritic arbors in control (UAS-lacZ; 
gray) or experimental, ablation (UAS-hid, green). (M) Average number of branch points on lateral (left) and medial (right) A08a dendrites in control (UAS-
lacZ; gray) or experimental, ablation (UAS-hid, green). X-axes, timing of dbd ablation (no ablation control: control n=8–11 animals, Hid n=4 animals; 
0 hr alh ablation: control n=7–8 animals, Hid n=8 animals; 24 hr alh ablation: control n=7 animals, Hid n=5 animals; 48 hr alh ablation: control n=5 
animals, Hid n=4 animals). For Hid quantifications, only segments containing 0–1 dbds were analyzed (determined by absence of dbd membrane stain). 
Values for all quantification normalized to control mean for each ablation timepoint. Circles represent single-animal averages between left and right 
hemisegments. Statistics computed using two-tailed unpaired t-test with unequal variance. n.s=not significant, p>0.05.

Figure 6 continued
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Figure 7. Proposed model: Presynaptic activity and contact opposingly regulate dendrite outgrowth. (A) Presynaptic contact promotes local dendrite 
outgrowth, while presynaptic activity levels inhibit neuron-wide dendrite outgrowth. (B) Wild-type (WT) A08a dendrites. (C) When dbd is mistargeted to 
intermediate A08a dendritic domain, activity levels are wt. Local outgrowth is promoted at the intermediate domain, and inhibited by lack of contact at 
the medial dendrite. (D) When dbd is ablated, neuron-wide activity levels are decreased. This promotes lateral dendrite outgrowth. Lack of contact at 
the medial dendrite opposes the activity-dependent drive to elongate so dendrite length remains wt. (E) dbd activation promotes neuron-wide dendrite 
retraction/premature stabilization.


