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Supplementary file 2. Supplementary text for Figure 2. 
 
Expression of the original TRACT ligand and receptor (without any domains that 
would localize them to synaptic sites) in neurons failed to reveal any synaptic 
connections in the antennal lobe.  We hypothesized that, since the ligand and 
receptor were homogeneously distributed throughout the neuron membrane, only a 
small fraction of ligand and receptor contained within the small surface area of the 
synaptic cleft would be in close apposition and available to interact with each other, 
and the local concentration of each might be insufficient to trigger robust binding. 
To increase the concentration of the SNTG4 receptor in the postsynaptic sites of 
receiver neurons, we incorporated the ICD from the neuroligin gene, which in mouse 
and C. elegans has been shown to enrich the localization of molecules into 
postsynaptic sites (Feinberg et al., 2008; Kim et al., 2011).  To this end, we first 
added the ICD from the Drosophila neuroligin (nlg2) gene between the TMD and 
the esn of the SNTG4 receptor (Sun et al., 2011). Second, we added the V5 epitope 
after esn to facilitate analysis of its subcellular localization (Southern et al., 1991). 
We called this modified receptor nlgSNTG4. Immunostaining against the V5 epitope 
revealed that, whereas the SNTG4 receptor uniformly distributes throughout the 
neuronal membrane (data not shown), the nlgSNTG4 is enriched in the neuropil 
regions, which contain neuronal synapses . To clearly visualize the cell bodies of the 
activated neurons, we also incorporated a UAS-CD8:GFP reporter which robustly 
labels the morphology of the entire neuron (Han et al., 2011). In the flies 
carrying orco>CD19mch, elav>nlgSNTG4, and UAS-CD8:GFP, we observed GFP 
induction in ~20 neurons in the antennal lobe . We performed immunostaining to 
identify the cell types that were induced in the antennal lobe and observed that 
most of the GFP+ neurons (putative postsynaptic targets to the ORNs) were GABA 
positive (Okada et al., 2009), and none of them had axons projecting towards the 
mushroom body and/or lateral horn. This observation indicates that this 
implementation of TRACT revealed contacts between ORNs and LNs, but not 
between ORN to PNs. We obtained the same result with 2 additional elav>nlgSNTG4 
insertions, indicating that this pattern of transneuronal induction was not due to 
positional effects (Henikoff, 1990). Two scenarios could account for these 
observations. First, the elav enhancer may not be homogeneously expressed across 
all neurons; for instance, it may drive stronger expression of the receptor in LNs 
compared to PNs. Second, the cell-cell interactions between ORNs and LNs may be 
stronger than those between ORNs and PNs, for example, if ORN-LN unitary 
connections (the connection between one ORN and one LN) have more and/or larger 
individual synapses. To overcome the potential limitations of the elav driver, we 
generated new transgenic flies in which the nlgSNTG4 was driven by 
the Drosophila synaptobrevin enhancer (nSybE), a driver that has been successfully 
used for panneuronal expression in Drosophila (Pfeiffer et al., 2008; Riabinina et al., 
2015). To investigate the connectivity originating from ORNs, we generated flies 
carrying orco>CD19mch, nSybE-nlgSNTG4, and UAS-CD4tdGFP, a reporter that allows 
visualization of the dendrites and axons of neurons (Han et al., 2011). In these flies, 
we observed GFP expression in dozens of LNs and PNs (identifiable by their axons 
projecting into the mushroom body and lateral horn), consistent with the known 
connectivity between ORNs and LNs, and ORNs and PNs. To test the ability of TRACT 
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to reveal neurons exclusively connected by synapses, we crossed GH146-nlgSNTG4 
flies with flies that expressed the CD19mch ligand in identified glomeruli. If TRACT 
exclusively revealed neurons connected by synaptic contacts, the uniPNs whose 
receptors were activated by interaction with the ligand would have GFP+ dendrites 
that would selectively branch in the glomeruli onto where the ORNs would converge 
their axons. We crossed the GH146-nlgSNTG4 flies with flies expressing the 
CD19mch ligand in glomeruli VC1 and DA1/VA6/VA1lm under the enhancers of 
GMR28H10 and GMR17H02 LexA drivers, respectively 
(http://www.virtualflybrain.org). We observed that whereas the CD19mch+ axons 
were clearly localized into the expected individual glomeruli, there were 
CD4::tdGFP+ uniPNs whose dendrites projected to other glomeruli where the 
CD19mch ligand was not expressed. This observation indicates that in this 
implementation, the TRACT system reveals neurons that are connected by non-
synaptic contacts, and that whereas the domain from the nlg2 gene enriched the 
localization of the receptor into the neuropil and increased the sensitivity of TRACT, 
it was not sufficient to direct the receptor exclusively into synaptic sites. To obtain a 
system that would exclusively reveal neurons connected by synapses, we attempted 
to target the ligand into presynaptic sites. To this end, we tested a number of 
domains from Drosophila molecules known to be localized into presynaptic 
terminals: neurexin (nrxn) (Li et al., 2007), syndecan (sdc) (Spring et al., 1994), dip ɣ 
(dip), dpr10 (dpr) (Carrillo et al., 2015; Tan et al., 2015), syntaxin (syx) (Schulze et al., 
1995), and synaptobrevin (nSyb) (Sudhof et al., 1989). We generated constructs 
under the LexOP promoter in which different domains from these presynaptic 
molecules were added onto the CD19 ligand, and included the OLLAS epitope tag to 
facilitate immunodetection. We generated flies with these constructs, performed 
immunostaining with an antibody that recognizes the OLLAS tag (Park et al., 2008), 
and observed that all the tested domains were enriched in axons, but only nSyb was 
exclusively localized into presynaptic sites. Next, we crossed these flies, with 
presynaptically localized ligands expressed in individual glomeruli (glomeruli VC1 and 
DA1/VA6/VA1lm), with flies expressing the nlgSNTG4 receptor selectively in PNs 
(GH146-nlgSNTG4) (Figure 5). We observed that expression of the syx::CD19, 
CD19::dip, CD19::dpr and CD19::nrxn in identified glomeruli showed induction with 
fewer PNs than those observed with the non-synaptically localized CD19mch ligand, 
but still there were uniPNs whose dendrites branched outside of the glomeruli 
where the ligand was expressed (data not shown). This observation indicates that 
the syx, dpi, dpr, and nrxn domains enriched the localization of the ligand onto 
axons, but were insufficient to reveal exclusive synaptic contacts between neurons. 
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