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Convergence, chemical transmission and co-location of sensory inputs on the C. elegans AIY interneuron: a connectome test of the semblance hypothesis
Supplementary Rationale
These considerations, summarized in the main text, set out the reasoning behind each test.
Stable associations. Adult worms are expected to have already associated certain odours with food, which may have left signature changes such as stable IPLs between the postsynaptic terminals for food and odour. Given a limited number of neurons, it can be asked whether the worm can afford to make stable IPLs, which could limit new associations if environmental conditions change.
Two types of perceptual IPL. IPLs responsible for perception are expected to be of two types: those that form and reverse rapidly as sensory input starts and stops, as in visual perception in mammals, and those that form innately, as in lower forms of animals (Vadakkan, 2015).
Perception signature. The convergence of inputs on AIY is first examined for a structural signature of perception: exact zero-distance postsynaptic co-location within a single sensory modality (ASE–ASE, AWC–AWC, AFD–AFD), with presence or absence treated as open rather than assumed. Perception of a stimulus necessary for survival in a nervous system such as that of C. elegans favours a stable, fixed IPL.
Associative-learning signature. An association between two stimuli that can lose relevance in a changing environment favours a short-lasting IPL. The convergence on AIY is therefore also examined for a structural signature of associative learning between modalities, using the same zero-distance criterion as for perception. Three criteria are applied, each built on this distance: (1) exact co-location, in which terminals of two different modalities, such as ASE and AWC, share one coordinate; (2) a compound structure, in which two or more terminals of each of two modalities share one coordinate (ASE–ASE–AWC–AWC, ASE–ASE–AFD–AFD, AWC–AWC–AFD–AFD); and (3) a chained structure, in which a zero-distance pair of one modality lies next to a zero-distance pair of another. The chained structure tests whether two independently formed same-modality structures could bridge into a cross-modality association, a question with no equivalent for perception. The compound and chained criteria therefore give the associative test additional, more lenient ways to succeed, not a different standard.
Arrangements at a co-located coordinate. A co-located coordinate can correspond to two adjacent postsynaptic terminals, or to a single postsynaptic terminal receiving inputs from two presynaptic terminals. The connectome cannot distinguish them, but both meet the condition the hypothesis sets, because in each a postsynaptic terminal can be depolarized through a route other than its own presynaptic terminal. A single terminal receiving two inputs is a fixed convergence and would therefore correspond to a stable IPL, as expected for perception of a survival-critical stimulus. The same arrangement between modalities would represent a stable association, which the hypothesis does not favour in a system of limited neurons, where associations are expected to remain flexible.
Supplementary Methods 
S-a. Convergence onto AIY, synapse type and significance tests
For N2U, chemical and electrical connections are recorded in one source with a field giving the connection type (Cook et al., 2019). For Witvliet Datasets 7 and 8 (Witvliet et al., 2021), chemical and electrical connections are in separate files, which were joined by neuron identity. Each Witvliet gap junction appears twice, once in each neuron order, under one CATMAID identifier (Saalfeld et al., 2009). One record per identifier was kept, and inspection of the full dataset confirmed that no identifier was shared by two different neuron pairs. For each specimen–interneuron combination, let N be the total number of connections onto AIY from any presynaptic partner, E the number of these that are electrical, and k the number from ASE, AWC or AFD. The probability of observing the real number of electrical connections among these k, or fewer, by chance was calculated from the hypergeometric distribution (sampling without replacement from a finite population of known composition).
Convergence of sensory inputs onto AIY. For each animal, all chemical synapses in the reconstruction were listed, and every target neuron was given a convergence score equal to the smaller of the number of synapses it received from ASE (left and right combined) and from AWC (left and right combined). A neuron therefore scores highly only if it receives both inputs. For a bilateral pair such as AIYL and AIYR, the two scores were added. Three null models were used, each with 10,000 simulations (random seed 42). (i) Random wiring: the targets of all synapses in the reconstruction were permuted, preserving every neuron’s total numbers of output and input synapses. (ii) Contact area: because neuronal contact predicts connectivity (Cook et al., 2023), every ASE, AWC and AFD synapse was reassigned to a neuron in membrane contact with its presynaptic neuron, with probability proportional to the extent of contact, keeping each sensory neuron’s number of synapses. (iii) Contact and input: as in (ii), but any contacted neuron could be chosen with probability proportional to its total number of chemical inputs, testing whether a target is reached simply because it is heavily innervated. For N2U, contact was taken from measured membrane adjacency in the same electron micrographs (Brittin et al., 2021), summed over sections. For Witvliet 7 and 8, for which membrane contact data are not available, contact was approximated from the neurite skeletons of all reconstructed neurons (Witvliet et al., 2021): a neuron was counted as contacting a sensory neuron where its skeleton passed within 500 nm of the sensory skeleton, and the extent of contact was the number of sensory skeleton nodes within that distance. The analysis was repeated at 300 and 1000 nm. The same test, with all three nulls, was repeated for ASE with AFD, AWC with AFD, and all three together, the score then being the smallest of the numbers of synapses onto the target from each sensory neuron pair (left and right combined). AIY was chosen in advance from the literature, so this test assesses whether its known convergence exceeds chance, not whether AIY is the only convergence site.
S-b. Zero-distance co-location test
A shared coordinate means the same AIY object in N2U and the same AIY skeleton node in Witvliet 7 and 8. The separation of two terminals around the circumference of the neurite is not recorded. In the label-reshuffling null, a shuffle was counted as matching if it met or exceeded the real count. Compound structures were defined as two or more terminals of each of two modalities at one coordinate, and chained structures as a zero-distance same-modality pair of one modality lying within 200 nm of a zero-distance same-modality pair of another. The 200 nm threshold is the sum of two process diameters, conservatively assumed at 100 nm each, the lower end of the ~100–200 nm range reported for C. elegans processes (White et al., 1986). It is a geometric estimate, not an IPL distance: each pair in a chained structure meets the zero-distance criterion on its own. Compound and chained structures were tested for both enrichment and depletion. AIYL and AIYR of the same specimen are not fully independent for Fisher’s method, so the six combinations reflect three specimens, not six independent replicates; the per-animal test therefore summed AIYL and AIYR counts within each animal, giving one p-value per animal.
Block-permutation null. Repeated synapse records from one presynaptic profile at one coordinate were treated as separate synapses. To test whether such repeats alone produce the ASE–ASE excess, labels were reassigned at the level of presynaptic profiles (the presynaptic object in N2U; the presynaptic skeleton node in Witvliet 7 and 8), so that all synapses of a profile moved together; in a stricter version, profiles were exchanged only with profiles making the same number of synapses. Under each null, effect size was expressed as observed over expected pairs, and three ways of combining the six specimen–interneuron combinations were compared: Fisher’s method across the six combinations, Fisher’s method across the three animals (AIYL and AIYR summed within each animal), and a single pooled count tested once, which does not require the combinations to be independent.
Coordinate-level tests. To test whether the pair excess reflected more co-location sites or denser ones, the number of coordinates holding two or more ASE terminals, and the number holding ASE terminals from two or more different presynaptic profiles, were tested against the same nulls. The pair test was also repeated leaving out each co-located coordinate in turn. Each analysis used 10,000 simulations (random seed 42).
Spatially restricted nulls. To preserve the spatial distribution of inputs along AIY, labels were exchanged only within bins of 2, 5 or 10 µm of path distance along the AIY skeleton (from the cell-body end; computed on the AIY object graph in N2U and from skeleton node distances in Witvliet 7 and 8). This was done in three nested forms: for single synapses; for whole presynaptic profiles (block, positioned at the mean path distance of their synapses); and for whole profiles exchanged only with profiles making the same number of synapses, which preserves spatial position, profile structure and the number of synapses contributed by each presynaptic neuron together. Each used 10,000 simulations (random seed 42).
Triplets and minimum structure. A stricter version of the zero-distance test counted only same-modality pairs contributed by coordinate groups of three or more terminals of one modality, excluding simple pairs. To ask whether cross-modality structures were absent because (i) too few chemical synapses exist to form them or (ii) significance would require long, repeated chains that could hinder perception in a nervous system without dedicated sensory cortices, the compound-structure null was applied in reverse: for each cross-modality combination, the terminal count of the largest qualifying structure was recorded across 10,000 reshuffles, and its 95th percentile was taken as the minimum size needed for significance.


S-c. Distance structure beyond zero distance
To test whether the zero-distance state is specific to sensory identity, the minimum non-zero separation between any two terminals was identified in each specimen, and the zero-distance test was repeated with thresholds from 0 to 50 nm. Same-modality pairs within 100, 200, 350, 500, 750 or 1000 nm (three-dimensional Euclidean distance, cumulative) were then tested against the same null, with AWC and AFD as controls for clustering common to any sensory input onto AIY.
S-d. Bilateral position of sensory inputs, the AIYL–AIYR gap junction and feedback connections
Positions were measured as path distances along the AIY neurite skeleton from its proximal (cell-body-side) end, using the skeleton reconstructions of each specimen (Cook et al., 2019; Witvliet et al., 2021). For each specimen–interneuron combination, positions of terminals from the ipsilateral ASE (ASER on AIYR, ASEL on AIYL) and the contralateral ASE were compared with a one-sided Mann–Whitney test; the same comparison was made for AWC terminals. The AIYL–AIYR gap junction was located on the same skeletons. Chemical connections from AIY back onto ASE and AWC, directly or through AIZ, its main output, were counted in all three specimens, as were connections from RIA back onto AIY, ASE and AWC. The extent of AIY occupied by sensory input was measured as the distance between the most proximal and the most distal ASE or AWC terminal. Path lengths along each ASE and AWC axon, from its entry into the reconstructed nerve ring to each of its synapses onto AIYL and AIYR, were measured in the two Witvliet specimens, because differences could introduce timing offsets between the two sides; sensory dendrites lie outside the reconstructed volumes, and N2U was excluded because its ASE skeletons could not be oriented.
Supplementary Results
S-a. Convergence onto AIY and synapse type
The three electrical sensory connections were ASER with both AIYR and AIYL in Witvliet 8, and AFDL with AIYL in N2U. Electrical connections made up 27 of the 412 connections onto AIY from all presynaptic partners (6.6%; 2.9–13.3% across combinations). Five of the six specimen–interneuron combinations were individually significant (p = 0.00001 to 0.012); the exception was N2U AIYL (p = 0.32).
Convergence of sensory inputs onto AIY. The contact measures captured the real wiring: 246 of 247 ASE and AWC synapses in N2U, 235 of 236 in Witvliet 7 and 250 of 251 in Witvliet 8, and all AFD synapses (36, 29 and 27), were onto neurons counted as contacting the presynaptic neuron (500 nm for the Witvliet specimens). AIY received 37–40% of all ASE chemical synapses and 23–33% of all AWC chemical synapses. Its convergence score was 33, 25 and 34 in N2U, Witvliet 7 and Witvliet 8, the highest of any target in each specimen. Under random wiring, the expected scores were 1.4, 0.9 and 0.9; under the contact-area null 8.4, 6.7 and 6.1; and under the contact-and-input null 5.1, 5.0 and 3.9 (p < 0.0001 in every case; combined across the three specimens, p < 10⁻⁹; Suppl. Table S6). AIY remained significant at 300 and 1000 nm in both Witvliet specimens under both contact nulls. AIB, the second strongest target (scores 20, 22 and 29), was significant under the contact-area null, but under the contact-and-input null its convergence was weaker (N2U: 10.4 expected, p = 0.0017) and in Witvliet 7 at 300 nm it did not exceed chance (23.7 expected, p = 0.71), so part of its convergence reflects its large total input. AIA was not consistently significant, and AIZ received almost no joint input (score 1 in each specimen). AFD sent 72–93% of its chemical synapses to AIY. The convergence scores on AIY were 26, 27 and 20 for ASE with AFD, 22, 24 and 20 for AWC with AFD, and 22, 24 and 20 for all three together, the highest of any target in each specimen; no other target scored more than 4. Expected scores were 0.6 or less under random wiring, 3.1–8.9 under the contact-area null and 1.5–3.3 under the contact-and-input null (p < 0.0001 in every case; combined across the three specimens, p < 10⁻⁹; Suppl. Table S6), and AIY remained significant at 300 and 1000 nm in both Witvliet specimens under both contact nulls (p < 0.0001 in every case). AIY is therefore the main convergence site for all three sensory modalities.
S-b. Zero-distance co-location
Two of six combinations were individually significant for ASE–ASE: N2U AIYR (18 pairs vs. 7.0 expected, p = 0.0008) and Witvliet 7 AIYR (8 vs. 2.1, p = 0.0119). No AIYL combination was significant (0, 1 and 1 pairs, against 18, 8 and 1 on AIYR). With the two sides summed within each animal, the combined p-values were 0.003 for ASE–ASE, 0.49 for AWC–AWC and 0.42 for AFD–AFD. The 29 ASE–ASE pairs arose from 11 coordinates, nine of which combined ASEL and ASER terminals; one N2U AIYR coordinate held five terminals (10 pairs). Some co-located terminals were separate synapses from one presynaptic profile. With only one terminal per presynaptic profile kept at each coordinate, the counts were 6 vs. 3.2 expected in N2U AIYR (p = 0.089) and 3 vs. 1.0 in Witvliet 7 AIYR (p = 0.069), combined p = 0.50 (Suppl. Tables S1 and S2).
For cross-modality pairs, one combination, Witvliet 7 AIYL, individually showed more ASE–AWC pairs than expected (5 vs. 1.0, p = 0.0005); this was not seen in the other five combinations and was not significant when combined (Suppl. Table S3). No full compound structure was found for any combination in any specimen, an absence consistent with chance (ASE–ASE–AWC–AWC: p ≈ 1.000; ASE–ASE–AFD–AFD: p ≈ 1.000; AWC–AWC–AFD–AFD: p = 1.000). No chained structure was found within 200 nm for any combination in any specimen; the closest candidate, 597 nm (N2U AIYR, ASE–AFD), was about three times the threshold, and the absence was consistent with chance in all three combinations (p > 0.999).
Counting rules and null models. Pooled across the six combinations, the 29 ASE–ASE pairs were 2.1 times the 13.7 expected under the synapse-level null (95% null range 7–22; p = 0.0007), and 1.85 times the 15.7 expected under the block null (range 7–27; p = 0.012). Under the block null, the excess was significant in N2U (p = 0.037) but not in Witvliet 7 (p = 0.10) or Witvliet 8 (p = 0.57), with p = 0.057 across the three animals and p = 0.14 across the six combinations; under the size-matched block null, p = 0.69 across the six combinations. AWC–AWC and AFD–AFD were not significant under the synapse-level or block nulls (Suppl. Table S8). A rerun with a different random seed gave the same results to within the variation expected between seeds (block null, pooled p = 0.015).
Co-location sites. The 29 pairs arose from 11 coordinates (Suppl. Table S7). The number of coordinates holding two or more ASE terminals did not exceed chance: 11 against 10.2 expected under the synapse-level null (p = 0.43) and 10.0 under the block null (p = 0.42). Nine coordinates held ASE terminals from two or more different presynaptic profiles, against 7.5 expected (p = 0.31). The pair excess therefore reflects dense convergence at a few sites, not more sites. Two coordinates contributed 16 of the 29 pairs: one N2U AIYR coordinate with five ASE terminals (two ASEL and three ASER) from three presynaptic profiles (10 pairs), and one Witvliet 7 AIYR coordinate with four (one ASEL and three ASER; 6 pairs). Of the 29 pairs, 19 were between different presynaptic profiles and 10 within one profile. Leaving out any single coordinate other than the densest N2U coordinate left the pooled excess significant under both nulls (synapse-level p = 0.0005–0.005; block p = 0.015–0.036). Leaving out the densest N2U coordinate left it significant under the synapse-level null (p = 0.015) but not under the block null (p = 0.10).
Spatially restricted nulls. With labels exchanged only within 2–10 µm bins along AIY, the pooled ASE–ASE excess remained significant for single synapses (1.7–1.9 times expected; p = 0.0003–0.0017) and for whole presynaptic profiles (1.6–1.8 times; p = 0.012–0.016). When profiles were also exchanged only with profiles making the same number of synapses, the excess fell to 1.23–1.27 times expected (expected 22.9–23.6 pairs against 29 observed) and was not significant (p = 0.10–0.12). This most constrained null leaves few exchangeable profiles within each bin and therefore has limited power. The number of co-location sites did not exceed chance under any spatially restricted null (ratio 0.88–1.12; p = 0.37–0.85).
Triplets and minimum structure. Groups of three or more terminals of the same modality were not more frequent than chance for ASE (p = 0.053), AWC (p = 1.000) or AFD (p = 0.604; Suppl. Table S4). The minimum compound structure needed for significance was the smallest possible, 4 terminals, in 13 of the 18 specimen–combination pairs; in 12 of these, from the four combinations in which no coordinate held four or more terminals, no compound structure could form under any reshuffle. The remaining five needed 5 terminals (2 pairs) or 6 terminals (3 pairs). Reaching significance would therefore not have required an extensive or repeated structure.
S-c. Distance structure beyond zero distance
No terminal pairs of any identity occurred between zero and each specimen’s minimum non-zero separation (32–83 nm), which matches the section step of each dataset (30–80 nm) rather than biology. Every pair on the neurite therefore falls into one of two states, co-located or separated, and the ASE–ASE pair excess shows which identity occupies the co-located state more densely than chance, not that co-location itself is unusual. Significance was unchanged for thresholds from 0 to 30 nm (ASE–ASE p = 0.0051; AWC–AWC p = 0.868; AFD–AFD p = 0.479), the range containing no real pairs, and shifted little beyond it (ASE–ASE p = 0.0058 at 40 nm and 0.0066 at 50 nm). At 100 nm, above the largest section step of any dataset, ASE–ASE pairs remained more frequent than expected (36 vs. 21.9; p = 0.022), whereas AWC–AWC and AFD–AFD pairs did not (p = 0.234 and 0.480). ASE–ASE pairs were also more frequent than chance from 350 to 1000 nm (combined p = 0.0039 to 0.0060), but not at 200 nm (p = 0.316), again driven by AIYR. AWC–AWC pairs, which showed no excess at zero distance, were likewise enriched from 200 to 1000 nm (p = 0.0066 to 0.023), while AFD–AFD pairs were not enriched at any threshold (Suppl. Table S5).
S-d. Bilateral position of sensory inputs, the AIYL–AIYR gap junction and feedback connections
The ipsilateral ASE lay closer to the cell body in all combinations except N2U AIYL. The two zones overlapped over the distal part of AIY rather than being fully separate. The AIYL–AIYR gap junction lay at the distal tips of the two neurites in all three specimens, within 1.2 µm of the most distal ASE terminal in all five combinations in which its position could be measured. N2U AIYR received no contralateral AWC input and could not be tested for AWC order. AIY made 3–4 chemical synapses per animal back onto ASE, mainly AIYR → ASER, and 23–37 per animal onto AIZ; AIZ made 6–9 per animal onto ASE and AWC. RIA received input from AIY in all six combinations but made no synapses back onto AIY, ASE or AWC.
Path lengths. Measured from its entry into the nerve ring, the ipsilateral ASE axon reached AIY by a much shorter path than the contralateral axon. In the two Witvliet specimens, the first ASEL and ASER synapses lay at 8.2–8.4 and 35.3–36.8 µm, respectively, on AIYL, and at 36.6–38.5 and 6.1–8.5 µm, respectively, on AIYR, giving path-length differences of 27–32 µm. Because the sensory dendrites lie outside the reconstructed volumes, these lengths are lower bounds, and the difference holds only if the unreconstructed parts of ASEL and ASER are equal in length; its effect on timing can only be estimated (Suppl. Note). AWC axons also reached the ipsilateral AIY first, with path-length differences of 29–61 µm.
Supplementary Note: bilateral ASE–AIY circuitry and potential oscillatory activity
C. elegans neurons have gigaohm input resistance (Lockery and Goodman, 2009), which implies a long passive length constant (λ ≈ 40–140 µm, estimated from cable theory for neurite diameters of 0.1–0.5 µm and a range of membrane resistances). The path-length difference between ipsilateral and contralateral ASE input (main text, Section 3.4) therefore gives a model-derived prediction, not an observation. The model assumes passive conduction (e−x/λ), identical membrane properties in ASEL and ASER, and simultaneous arrival of signals at nerve-ring entry. Under these assumptions, ipsilateral ASE input (first synapses at 6.1–8.5 µm) is predicted to reach AIY earlier than contralateral input (first synapses at 35.3–38.5 µm) by about 0.1–0.4 membrane time constants (Δx/2λ, where Δx is the 27–32 µm path difference), and at 1.2–2.2 times the amplitude. Neither value was measured. Some C. elegans neurons generate action or plateau potentials (Mellem et al., 2008; Liu et al., 2018), in which case these passive estimates would not apply. Both predictions can be tested by recording ASEL- and ASER-evoked responses in AIYL and AIYR. Because AWC showed the same ipsilateral advantage, it likely reflects how sensory axons run around the nerve ring rather than a feature specific to ASE.
ASE input is essential for salt-evoked AIY activity. AIY integrates excitatory and inhibitory ASE signals and shows stochastic spike-like events (Kuramochi and Doi, 2026). ASER → AIY transmission can be excitatory (Xue et al., 2025), although modelling assigns opposite signs to ASEL and ASER (Izquierdo and Beer, 2013). AIYR also made chemical synapses onto AIYL in two of the three specimens. Synapse number need not predict functional drive (Kuramochi and Doi, 2026), so whether the circuit oscillates can only be tested physiologically.
One of the two strategies worms use to steer toward salt relies on biased head swings (Iino and Yoshida, 2009), and sensory signals in RIA are gated by the phase of head bending (Ouellette et al., 2018). Whether the circuit sustains activity of its own, as its feedback loops allow and as has been proposed for motor feedback to AIY (Ji et al., 2021), is not known. Network oscillations that hold sensory memory in their relative phase are established in C. elegans (Dunn et al., 2025), and AIY synapses in all six combinations onto RIA, an interneuron that has reciprocal connections with head motor neurons and whose activity encodes head movement (Hendricks et al., 2012). Most C. elegans neurons lack action potentials, so the relevant test is whether peaks of graded activity phase-lock to such oscillations. This could be examined by simultaneous imaging of AIYL, AIYR and head-swing neurons during ASE stimulation, first in crawling animals and then in immobilized animals given a steady salt stimulus. Activity that persists or cycles without movement would indicate that the circuit oscillates on its own.
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Supplementary Table S2. Zero-distance same-modality postsynaptic terminal pairs of ASE, AWC and AFD sensory neurons on the AIY interneuron and their significance, by specimen–interneuron combination.
	Specimen
	Zero-distance points (all types)
	ASE–ASE (n, exp., p)
	AWC–AWC (n, exp., p)
	AFD–AFD (n, exp., p)

	N2U AIYR
	30
	18 (exp. 7.0)
p = 0.0008
	0 (exp. 0.6)
p = 1.000
	1 (exp. 1.2)
p = 0.676

	N2U AIYL
	14
	0 (exp. 1.6)
p = 1.000
	2 (exp. 1.5)
p = 0.408
	3 (exp. 0.4)
p = 0.0072

	Witvliet 7 AIYR
	16
	8 (exp. 2.1)
p = 0.0119
	0 (exp. 1.2)
p = 1.000
	1 (exp. 1.1)
p = 0.625

	Witvliet 7 AIYL
	8
	1 (exp. 1.4)
p = 0.816
	0 (exp. 0.2)
p = 1.000
	0 (exp. 0.3)
p = 1.000

	Witvliet 8 AIYR
	8
	1 (exp. 1.4)
p = 0.771
	2 (exp. 0.5)
p = 0.080
	0 (exp. 0.2)
p = 1.000

	Witvliet 8 AIYL
	1
	1 (exp. 0.1)
p = 0.124
	0 (exp. 0.1)
p = 1.000
	0 (exp. 0.0)
p = 1.000

	Combined significance
(Fisher’s method)
	
	p = 0.0051
	p = 0.868
	p = 0.479


n = observed count; exp. = expected count (mean of 10,000 label reshuffles, seed 42); p = p-value from the anatomy-preserving null. Combined p-values were obtained with Fisher’s method.








Supplementary Table S3. Zero-distance cross-modality postsynaptic terminal pairs of ASE, AWC and AFD sensory neurons on the AIY interneuron and their significance, by specimen–interneuron combination.
	Specimen
	Zero-distance points (all types)
	ASE–AWC (n, exp., p)
	ASE–AFD (n, exp., p)
	AWC–AFD (n, exp., p)

	N2U AIYR
	30
	3 (exp. 4.4)
p = 0.800
	0 (exp. 6.0)
p = 1.000
	1 (exp. 1.8)
p = 0.826

	N2U AIYL
	14
	4 (exp. 3.2)
p = 0.414
	0 (exp. 1.6)
p = 1.000
	3 (exp. 1.5)
p = 0.202

	Witvliet 7 AIYR
	16
	5 (exp. 3.4)
p = 0.264
	1 (exp. 3.1)
p = 0.927
	1 (exp. 2.4)
p = 0.869

	Witvliet 7 AIYL
	8
	5 (exp. 1.0)
p = 0.0005
	0 (exp. 1.4)
p = 1.000
	0 (exp. 0.5)
p = 1.000

	Witvliet 8 AIYR
	8
	1 (exp. 1.8)
p = 0.854
	1 (exp. 1.0)
p = 0.650
	0 (exp. 0.6)
p = 1.000

	Witvliet 8 AIYL
	1
	0 (exp. 0.2)
p = 1.000
	0 (exp. 0.1)
p = 1.000
	0 (exp. 0.1)
p = 1.000

	Combined significance
(Fisher’s method)
	
	p = 0.060
	p = 1.000
	p = 0.986


n = observed count; exp. = expected count (mean of 10,000 label reshuffles, seed 42); p = p-value from the anatomy-preserving null. Combined p-values were obtained with Fisher’s method.







Supplementary Table S4. Zero-distance same-modality postsynaptic terminal triplets (three or more terminals at one coordinate) and their significance, by specimen–interneuron combination.
	Specimen
	Zero-distance points (all types)
	ASE–ASE–ASE (n, exp., p)
	AWC–AWC–AWC (n, exp., p)
	AFD–AFD–AFD (n, exp., p)

	N2U AIYR
	30
	16 (exp. 3.3)
p = 0.0005
	0 (exp. 0.1)
p = 1.000
	0 (exp. 0.3)
p = 1.000

	N2U AIYL
	14
	0 (exp. 0.2)
p = 1.000
	0 (exp. 0.2)
p = 1.000
	3 (exp. 0.0)
p = 0.0063

	Witvliet 7 AIYR
	16
	6 (exp. 0.9)
p = 0.0594
	0 (exp. 0.4)
p = 1.000
	0 (exp. 0.4)
p = 1.000

	Witvliet 7 AIYL
	8
	0 (exp. 0.0)
p = 1.000
	0 (exp. 0.0)
p = 1.000
	0 (exp. 0.0)
p = 1.000

	Witvliet 8 AIYR
	8
	0 (exp. 0.2)
p = 1.000
	0 (exp. 0.0)
p = 1.000
	0 (exp. 0.0)
p = 1.000

	Witvliet 8 AIYL
	1
	0 (exp. 0.0)
p = 1.000
	0 (exp. 0.0)
p = 1.000
	0 (exp. 0.0)
p = 1.000

	Combined significance
(Fisher’s method)
	
	p = 0.053
	p = 1.000
	p = 0.604


n = observed count; exp. = expected count (mean of 10,000 label reshuffles, seed 42); p = p-value from the anatomy-preserving null. Combined p-values were obtained with Fisher’s method.







Supplementary Table S5. Same-modality postsynaptic terminal pairs of ASE, AWC and AFD sensory neurons on the AIY interneuron within increasing distance thresholds, summed across the six specimen–interneuron combinations.
	Distance threshold
	ASE–ASE (n, exp., p)
	AWC–AWC (n, exp., p)
	AFD–AFD (n, exp., p)

	≤ 100 nm
	36 (exp. 21.9)
p = 0.022
	12 (exp. 7.5)
p = 0.234
	6 (exp. 4.7)
p = 0.480

	≤ 200 nm
	47 (exp. 40.6)
p = 0.316
	27 (exp. 14.2)
p = 0.010
	9 (exp. 8.3)
p = 0.809

	≤ 350 nm
	104 (exp. 72.0)
p = 0.0047
	41 (exp. 26.2)
p = 0.023
	13 (exp. 15.8)
p = 0.824

	≤ 500 nm
	139 (exp. 104.3)
p = 0.0060
	55 (exp. 37.8)
p = 0.015
	19 (exp. 22.4)
p = 0.735

	≤ 750 nm
	213 (exp. 165.1)
p = 0.0039
	82 (exp. 58.4)
p = 0.0066
	26 (exp. 34.3)
p = 0.938

	≤ 1000 nm
	266 (exp. 214.4)
p = 0.0057
	98 (exp. 76.1)
p = 0.011
	38 (exp. 44.0)
p = 0.940


Counts are cumulative: each row includes all pairs at smaller separations, and each row is already combined across the six combinations. n = observed count; exp. = expected count (mean of 10,000 label reshuffles, seed 42); p = Fisher-combined p-value.











Supplementary Table S6. Convergence of ASE, AWC and AFD chemical synapses onto AIY, compared with three null models.
	Inputs
	Specimen (contact measure)
	Observed score
	Expected: random wiring
	Expected: contact area
	Expected: contact and input
	p

	ASE + AWC
	N2U (membrane contact)
	33
	1.4
	8.4
	5.1
	< 0.0001

	
	Witvliet 7 (skeleton, 500 nm)
	25
	0.9
	6.7
	5.0
	< 0.0001

	
	Witvliet 8 (skeleton, 500 nm)
	34
	0.9
	6.1
	3.9
	< 0.0001

	
	Combined (Fisher’s method)
	
	
	
	
	< 10⁻⁹

	ASE + AFD
	N2U
	26
	0.6
	8.9
	3.3
	< 0.0001

	
	Witvliet 7
	27
	0.3
	4.0
	1.6
	< 0.0001

	
	Witvliet 8
	20
	0.3
	3.8
	1.6
	< 0.0001

	
	Combined (Fisher’s method)
	
	
	
	
	< 10⁻⁹

	AWC + AFD
	N2U
	22
	0.5
	5.9
	2.6
	< 0.0001

	
	Witvliet 7
	24
	0.3
	3.8
	1.6
	< 0.0001

	
	Witvliet 8
	20
	0.3
	3.2
	1.7
	< 0.0001

	
	Combined (Fisher’s method)
	
	
	
	
	< 10⁻⁹

	ASE + AWC + AFD
	N2U
	22
	0.4
	5.9
	2.6
	< 0.0001

	
	Witvliet 7
	24
	0.2
	3.6
	1.5
	< 0.0001

	
	Witvliet 8
	20
	0.2
	3.1
	1.5
	< 0.0001

	
	Combined (Fisher’s method)
	
	
	
	
	< 10⁻⁹


Convergence score = the smallest of the numbers of chemical synapses onto a target from each listed sensory pair (left and right combined), summed over AIYL and AIYR. AIY had the highest score of any target in every specimen for every combination. Expected = mean of 10,000 simulations (seed 42). p is the same under all three nulls and is the smallest value 10,000 simulations can resolve. Membrane contact for N2U from Brittin et al. (2021); skeleton proximity for Witvliet 7 and 8 from the skeletons of Witvliet et al. (2021).
















Supplementary Table S7. The 11 coordinates holding two or more ASE terminals on AIY, and their contribution to the ASE–ASE pair count.
	Specimen–interneuron
	ASEL terminals
	ASER terminals
	Presynaptic profiles
	Pairs
	Pairs between different profiles
	Pairs within one profile

	N2U AIYR
	2
	3
	3
	10
	8
	2

	N2U AIYR
	2
	1
	2
	3
	2
	1

	N2U AIYR
	3
	0
	1
	3
	0
	3

	N2U AIYR
	1
	1
	2
	1
	1
	0

	N2U AIYR
	1
	1
	2
	1
	1
	0

	Witvliet 7 AIYR
	1
	3
	2
	6
	3
	3

	Witvliet 7 AIYR
	1
	1
	2
	1
	1
	0

	Witvliet 7 AIYR
	1
	1
	2
	1
	1
	0

	Witvliet 7 AIYL
	1
	1
	2
	1
	1
	0

	Witvliet 8 AIYR
	1
	1
	2
	1
	1
	0

	Witvliet 8 AIYL
	0
	2
	1
	1
	0
	1

	Total (11 coordinates)
	
	
	
	29
	19
	10


Pairs at a coordinate = n(n − 1)/2 for n ASE terminals. A presynaptic profile is the presynaptic object (N2U) or presynaptic skeleton node (Witvliet 7 and 8) from which a synapse arises.






Supplementary Table S8. ASE–ASE co-location under different counting rules and null models, pooled across the six specimen–interneuron combinations.
	Counting rule
	Null model
	Observed
	Expected (95% null range)
	Observed / expected
	Pooled p
	Fisher p, six combinations

	Pairs
	Synapse-level
	29
	13.7 (7–22)
	2.1
	0.0007
	0.0051

	Pairs
	Block (profiles together)
	29
	15.7 (7–27)
	1.85
	0.012
	0.14

	Pairs
	Size-matched block
	29
	—
	—
	—
	0.69

	Pairs, one terminal per profile
	Synapse-level
	—
	—
	—
	—
	0.50

	Coordinates with ≥ 2 ASE terminals
	Synapse-level
	11
	10.2 (6–15)
	1.08
	0.43
	0.54

	Coordinates with ≥ 2 ASE terminals
	Block
	11
	10.0 (5–15)
	1.10
	0.42
	0.68

	Coordinates with ASE from ≥ 2 profiles
	Block
	9
	7.5 (3–12)
	1.20
	0.31
	0.57

	Pairs
	Synapse-level within 2–10 µm bins
	29
	14.9–17.2
	1.7–1.9
	0.0003–0.0017
	0.003–0.024

	Pairs
	Block within 2–10 µm bins
	29
	16.1–18.1
	1.6–1.8
	0.012–0.016
	0.09–0.25

	Pairs
	Block, same size, within 2–10 µm bins
	29
	22.9–23.6
	1.23–1.27
	0.10–0.12
	0.59–0.72

	Coordinates with ≥ 2 ASE terminals
	Spatially restricted nulls
	11
	9.8–12.5
	0.88–1.12
	0.37–0.85
	0.46–0.99


10,000 simulations per null (seed 42). Ranges give the results for 2, 5 and 10 µm bins. — = not computed for that rule. Under the block null, animal-level p (AIYL and AIYR summed) was 0.037 (N2U), 0.10 (Witvliet 7) and 0.57 (Witvliet 8). AWC–AWC and AFD–AFD were not significant under the synapse-level or block nulls; they were not tested under the spatially restricted nulls.














Supplementary Table S9. Predictions of the semblance hypothesis, results and the strength of evidence.
	Prediction or question
	Result
	Evidence
	Unresolved

	Do ASE, AWC and AFD converge on a common neuron?
	Primary convergence on AIY, far beyond physical contact, in all three animals (combined           p < 10⁻⁹)
	Supported under all null models tested
	Whether learning-related changes occur at AIY

	Are the inputs predominantly chemical?
	320 of 323 connections onto AIY chemical          (p < 10⁻⁶)
	Supported anatomically; a necessary condition, not specific to the hypothesis
	—

	Is ASE–ASE co-location enriched?
	About twice the expected pairs per synapse (combined p = 0.005), at a few dense sites; number of sites at chance; not significant when position, profile structure and synapse number were preserved together
	Preliminary
	Whether the sites are separate synapses or membrane contacts, and whether ASE identity or synapse multiplicity produces them

	Are cross-modality pairs enriched?
	Present at chance level; no compound or chained structure
	Inconclusive; absence of enrichment does not show that links are reversible
	No conditioned animals reconstructed

	Does co-location produce lateral depolarization?
	Not tested
	Requires functional imaging
	—

	Does the proposed link contribute to perception?
	Not tested
	Requires a causal (perturbation) experiment
	—
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