Supplementary Methods. Identification of leg motomeuron targets

Here we describe the effort to match leg motor oesitto their targets. We first describe the resesiand general methods. We
then give an overview of Appendix A., Figures Al-it¥e atlas of FANC left T1 MNSs, including an expddion for how the figures
are laid out. Finally, specific evidence for eaelimon or group of neurons is given in the legends$-fgures A2-17.

Anatomy datasets

Interpreting the connectome requires knowing whitiis control which muscles. We therefore soughtdientify the peripheral
muscle targets of all MNs innervating the fly’sritdT1) leg. To do so, we used three imaging désabat collectively span the
VNC and leg (main Figure 3A).

1) The FANC dataset establishes the number of MNBanTtL neuropils: 69 T1L, 70 in right T1. It alseals which of four
nerves each MN axon exits the neuropil throughRtahoracic Accessory Nerve (ProAN), the Dorsaltiaracic Nerve
(DProN), the Prothoracic Leg Nerve (ProLN) andeatral Prothoracic Nerve (VProN).

2) An X-ray holographic nano-tomographic (XNH) datagkthe fly’s front leg (Kuan et al., 2020)(Kuanadt, 2020) shows
each of the prothoracic nerves and their branaiteslie musculature, and shows both where sengonsgoin and where
motor axons leave the nerve. For many MNs withdagons, we could even trace their axons to thejget muscle fibers.
We also used the XNH dataset to determine leg radg®r origins, insertions and numbers, as weh@s the tendons
move the leg joints (Figure Al). At the proximabeuf the volume, the insertions of the thoracic ofesonto tendons and
apodemes that contact the coxa are visible. In gassts, the origins of the thoracic muscle fibershe thoracic cuticle
are not visible. Distally, the dataset ends ~¥4¢hgth of the tibia. Many of the tibia muscle fibare visible except for a
few notable fibers. The tibia-tarsus joint is nidible.

3) We screened a large collection of VNC neurons gihatabeled with the multi-color Flp-out (MCFO) tetique to identify
GALA4 driver lines labeling leg MNs (Meissner et, &020). We imaged GFP expression of each genstierdine in the
T1 leg to identify the muscle target of each MN ax@/e then compared the dendritic morphology ofghaetically-
labeled MNs to those reconstructed from FANC (Feg8iC).

Past work showed that most leg MNs have clear reatoh the left and right sides (Phelps et al., 20#4ich we confirmed through
the identification exercise. Thus, for Figures A2-We attempt to match only the FANC neurons in T&f, but we use MCFO
clones in either left T1 or right T1, and assurat they have a contralateral match.

Each anatomical tool has its drawbacks. For oree i volume does not show the muscle targets fon eauron. For another,
while it is possible to trace large neurons in ¥#¢N volume, it is difficult to resolve thin axonparticularly within the muscle
fibers, making it difficult to precisely count timamber of neurons targeting each muscle, or thebeuwf muscle fibers contacted
by every neuron. A third drawback, we found 196demof single motor neurons in the Janelia MCFQ@ecton, but the GAL4
driver lines—from which the MCFO clones are geretatire typically not sparse. In cases where aesivigl was labeled by the
GAL4 line, we could make a direct one-to-one mdietween dendrite morphology and muscle target. Mften, several motor
neurons are labeled by a GAL4 line. However, alaith evidence from the literature, the tools cagetther compensate for these
and other drawbacks.

Drosophila leg motor neurons in the literature.

To confirm our findings in the anatomy datasets,onass-referenced the following studies that dbescaspects of motor neuron
morphology and muscle innervation.

Baek and Mann (Baek and Mann, 2009) used the MARE&Mnique to label individual neuron clones withFGEo image their
dendritic morphology in the VNC, and to image thekons in the leg. Based on their results, thegrd@hed which lineages
produced neurons targeting specific leg segmentsitee birth order of neurons within different moteuron lineages. The authors
generously shared their data to help confirm the ifftification in this study. Brierley et al. (Briey et al., 2012) used a similar
technique and made similar observations. Togetherstudies complemented each other to label anderslones of many of the
neurons present in FANC.



Subsequent studies have probed the molecular misoaf motor neuron identity and muscle targetifigese papers include
additional context, as well as images of motor arumorphology and their muscle targets, which weehgound useful in
confirming our MN identification (Enriquez et a2015; Guan et al., 2022; Venkatasubramanian e2@19). Finally, in our own
previous work characterizing the electrophysiolofgyce generation and neural activity of severac#ir MNs, we filled tibia
flexor neurons with neurobiotin or biocytin, allowg us to definitively match dendritic morphology agon morphology and
functional characteristics (Azevedo et al., 2020).

Drosophila leg musculature in the literature.

The names oDrosophilaleg muscles differ across the literature. Milleril{&t, 1950) applied the nomenclature for locug le
muscles (Snodgrass, R.E., 1935)0Omsophila which has largely been adoptddere, we define and use synonyms for the
musculature to help clarify how a muscle actuategoint (Table Al). In some cases, we have madeln@bservations from the
XNH volume on how a specific muscle actuates atj@nd we offer new names for the muscle as atresul

Soler et al. (Soler et al., 2004) used geneticrtiegles to label muscles and tendons, and estabBlisbmenclature for the leg
musculature, based on older work by Miller (Mill&850). As we have argued previously (Azevedo.eR8P0), we believe Soler
et al. misidentified the accessory tibia flexoradibia reductor muscle, possibly a misreadingasfier work. They did not identify
the thoracic muscles, so we have relied on the wgridiller for their names and suspected function.

As a specific example, the tibia levator muscleo@ass, 1935), a.k.a. “tiim” (Soler et al., 2004fers to the muscle that extends
the tibia to “lift” it off the ground. We find théerm “levator” unsatisfying for several reasongskithe terms “levator” and
“depressor” are not commonly applied to limbed elrates in modern literature, whereas “extensod’ ‘dlexor” are common
terms. Second, the action that levator (or deprgssascles have on a joint is not always the saheetrochanter levatdlexesthe
coxa-trochanter/femur joint, whereas the tibia tev@&xtendsthe femur-tibia joint. Third, the well-studied FEdnd SETi MNs
extend the tibia, so it is simpler to refer to btih extensor muscle and to the extensor MNs. Tweas;all this muscle the tibia
extensor muscle in the main text and figures.

We retain the terms “levator” vs. “depressor” fbe tmuscles that “lift” or “push down” the tarsush@w the fly is standing, the
tarsus bends back towards the tibia and the tibius joint flexes. The depressor muscle causdartigs to extend, to push the fly
off the substrate, while the levator muscle app&afiex the tibia-tarsus joint further. We noteatlthe terms levator vs depressor
imply the animal is standing upright with respexgtavity, and flies often hang from surfaces aradlsv

Table Al. Muscle nomenclature across the literature.

Updated muscle namg  Action Atlas Figure, Snodgrass, 1935 Miller, 1950 Soler et al., 2004
Appendix A
Tergopleural promotor|]  Promote (move anteriorly) the | Figure A2 28
coxa
Pleural promotor Promote (move anteriorly) the | Figure A2 30
coxa
Pleural remotor and Remote (move posteriorly) and | Figure A4 29
abductor abduct (move laterally) the coxa




Sternal anterior rotatorf ~ Anterior movement of coxa Figure A3 31

Sternal posterior Posterior movement of coxa Figure A4 32

rotator

Sternal adductor Adduct (move medially) the coya gukeé A3 33

Tergotrochanter Extend the coxa-trochanter joint Figure A5 P Exdraad trochanteral

extensor depressor

Sternotrochanter Extend the coxa-trochanter joint Figure A6 Extveaddrochanteral

extensor depressor

Trochanter extensor Extend the coxa-trochantet joip Figure A6 Trochanter Trochanter depressor Trochanter
depressor depressor (trim)

Trochanter flexor Flex the coxa-trochanter joint guFe A7-8 Trochanter levatol Trochanter levator Trochanter levator
(trlm)

Accessory trochanter | Flex Figure A9 Trochanter reducto

flexor

coxa-trochanter joint (trrm)

Femur reductor Unknown Figure A10 Femur reductor mirereductor Femur reductor
(ferm)
Femur depressor
(fedm)

Tibia extensor Extend the femur-tibia joint Figuxel Tibia levator Tibia levator Tibia levator

(tilm)




Flexion brings the fly closer to th
substrate.

o

Tibia flexor Flex the femur-tibia joint Figure A12 Tibia levator Tibia levator Tibia depressor
(tidm)
Accessory tibia flexor Flex the femur-tibia joint igbre A13-14 Accessory tibia | Accessory tibia levator Tibia reductor (tirnj
levator
Tarsus depressor Extend the tibia-tarsus joint. The| Figure A17 Tarsus depressor Tarsus depressor Tadepuessor
muscle joint is flexed when the fly is muscle
standing. Extension moves the
fly's body away from the (tadm)
substrate.
Tarsus retro depressof Muscle fibers originate on tibia | Figure A17 Tarsus depressor Tarsus depressor Tierdustor
muscles cuticle that is distal to their muscles 1 and 2.
insertion sites on the tarsus
depressor tendon. (tarm 1 and 2)
Tarsus levator muscle Flex the tibia-tarsus joint. Figure A17 Tarsus levator Tarsus levator Tarsuattav
muscle
The joint is flexed when
supporting the fly’'s weight. (talm)

Long tendon muscle 2

Located in femur. Pull onl¢imeg
tendon.

Figure A15-16

Long tendon musc
2

Long tendon muscle 1

Located in the tibia. Pulttom
long tendon

Figure A15-16

Long tendon musc
1

Matching motor neuron dendrite morphology acrostadats

=2

To match motor neurons, we relied on expert visaabgnition of specific morphological features &ach MN, rather than on
numerical algorithms like NBLAST (Costa et al., B)INBLAST was successfully used previously to rhdietween left and right

T1 MNs, and to classify axon bundles (Phelps et 2021). We used the bundle identification togetivith the following

distinguishing characteristics to match motor nesro

Prothoracic nerves.The names and abbreviations of the peripheraleseteme from (Court et al., 2020). As reportedtielps et

al (2021), the following number of motor neurong éxrough the four prothoracic nerves in the FANSume:

1) Prothoracic accessory nerve (ProAN) - 12 MNs. TheAR follows the leg nerve but splits off just afteaving the

neuropil.



2) Dorsal prothoracic nerve (DProN) - 4 MNs. The DPrmatits the neuropil laterally, more anteriorly agatsally than the
other nerves.

3) Prothoracic leg nerve (ProLN) - 42 MNs.

4) Ventral prothoracic nerve (VProN) - 11 MNs. The @Rrexits the neuromere laterally, more anteridnbrt the leg nerve,
but ventral-posterior to the DProN.

We assumed that a similar number of motor neun@vek along each nerve in the XNH dataset. We cdigdtinguish motor axons
from sensory axons in each nerve in the XNH datasen they could be traced to their target musetesource sensory organ,
respectively. Sensory neurons often have extretmétyaxons, making them difficult to trace, butimited number have larger
axons and are traceable.

Soma location.Most MN somas are on the anterior cortex of ThFeé 4C). Six neurons have cell bodies on the posteortex
(Figures A4 and A7) and one additional neuron hesliabody on the dorsal cortex (Figure A6). Foumosms with anterior somas,
we did not assume that the specific location ofshima was a reliable indicator of identity; We atiders have found that across
different flies, somas of identified motor neuraas be in different locations within the anteritrster (Azevedo et al., 2020; Baek
& Mann 2009).

Neurite tracts and neurite bundles.As shown previously, neurons exiting the same neowgd be further classified into specific
bundles based on close proximity of the primaryribes, i.e. the branch running between the somatla@dxon (Phelps et al.,
2021). In some cases, 3D visualization of FANC Miseuroglancer revealed sub-bundles. In many célsese bundles were
associated with muscle targets, so once one MNdestified, we could estimate the number of neuriansrvating the muscle.

Dendrite morphological features.Most MNs have distinctive, identifying projectiomsthin the VNC, which could be used to
match neurons in FANC to MCFO clones (Enriquezl.e?815). We rely heavily on these distinguishfagtures to group motor
neurons together to estimate how many neurons seateres, and how they differ morphologically, Isas whether there is a
gradient in soma, primary neurite size, or numer extent of dendrites. Some of these featureswrge and can differ between
neurons that target the same muscle. Many of tfesgares appear indistinguishable in 2D projectidng 3D visualization and
depth-colored MCFO projections often reveal digtoms.

Axon pathways and targets.Each MN axon innervates a stereotyped set of mudmes (Venkatasubramanian et al., 2019).
Consequently, each axon also leaves the peripheraé to enter a muscle at a roughly stereotypéut.pde can observe axons
leaving the nerve in the XNH volume, allowing usctunt the number of neurons we expect to innersath leg segment. When
several axons innervate a given segment or museeaxons can have different thicknesses. Becdigket axons tend to come
from MNs with larger somas and larger diameter priyneurites (Azevedo et al., 2020), the gradidraxon thickness should
correlate with the number of EM-reconstructed nasrand any gradient in their dendritic propertidsally, tracing the full axon
branching patterns in the XNH dataset would all®etaicreate an atlas of axon anatomy that we amrgpare our light-level leg
imaging with. Unfortunately, many of the MN axorre &0 thin to be traced given the ~200 nm resofutif the XNH dataset, so
while the neurons we can fully trace give us valedhformation, we were only able to reconstructubset of the complete
population.

By identifying these features across the datasets;ould estimate the numbers of neurons that shateres. We could then use
the GAL4 line expression to match axon targetsendditic morphology, as well as rule out possibletehes. Finally, we used
inference and process of elimination to buttressatlievidence.

Confocal imaging

Fly prothoracic (front) legs were immersed in a ##maldehyde (PFA) PBS solution for 20 minutesldiaed by three rinses in
PBS with 0.2% Triton X-100 (PBT). The legs wererthecubated in a PBS solution containing 1:50 mhidith (Alexa-phalloidin-
647, Fisher A222287) and the following reagents itin@rove tissue penetrance: 1% Triton X-100, 0BRSSO, 0.05 mg/ml Escin
(Sigma-Aldrich, E1378), and 3% normal goat serumgd were incubated for one week at 4 °C with oocasirocking. After
staining, legs were rinsed 3x with PBS-Tx, 1 ringi¢h PBS, and were mounted onto slides in Vectddhi€o image MNs
innervating the coxal muscles in the thorax, tiyenas fixed as above, then hemisected along thespgital plane with a fine razor



blade in Tissue-Tek O.C.T. compound (Sakura 45&8%)h for 10 seconds on dry ice. Hemisected theraege rinsed 3x in PBT
and stained as above.

Mounted legs or thoraxes were imaged on a Confobahpus FV1000. At least one image stack of eagmsat of the leg was
acquired. If GFP was expressed in a motor neur@ngarticular segment, two image stacks of the segrmvere acquired. Images
are available upon request. Image stacks were ggeddan FIJI (Rueden et al., 2017).

Fly strains for genetically labeling motor neurons

We screened a large collection of VNC neurons gatabeled with the multi-color Flp-out (MCFO) tetique to identify GAL4
driver or split-GAL4 hemidriver lines labeling I&4Ns (Meissner et al., 2020). The confocal imagéesigures A2-A17 come from
a resulting collection of 75 lines driving expressiof GFP expression in the leg (Table A2). An tddal 31 lines were imaged
that showed no MN expression in the leg. For “Geldrielia GAL4 lines, the genotype was P{<GMR>-GA&#P2/P{20XUAS-
06XGFP}attP2. For VDRC Vienna Tile DBD hemidriverie genotype was TH{2A-p65(AD)::Zip+}VGIut[2A-p65B]/+;
P{y[+t7.7]w[+mC]=<VT>-GAL4.DBD}attP2/P{20XUAS-06 XGIP}attP2.

Blinding
Experimenters were not blinded to the genotype vaeguiring images.

Randomization

Imaging experiments were not intentionally randadizbut lines were imaged as they were ordereccargsed, without care for
any particular order.

Table A2. Motor neurons expression driven by GAL4 lines apiit-<6AL4 DBD hemidrivers. The 69 leg MNs in T1 RANC are
indicated in the rows. The columns list specific IdAlines (Genl Janelia GMR lines, e.g. R10B11) aptit-GAL4 DBD
hemidrivers (VT lines). Numbers and gray scaledat# a confidence heuristic that a specific MNalzeled by the GAL4 reagent.
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Table A3.GAL4 lines and split-GAL4 DBD hemidrivers in whigto GFP expression in motor neurons was observed.

R21F07 R36G02 VT006406
Dh31-Gal4 R55D06 VT009849
R10A12 R60C09 V1010277
R23C02 R71C11 VT047878
R26A08 R71D08 VT038822
R26B11 R74B11 VT007182
R26E08 R82E12 VT015432
R26H12 R86F11 V1022004
R27H01 R92D04 VT045148
R33C10 R92D08 VT058388
R34G07 VT033623

Evidence for muscle target identification and fotmBSupplementary Atlas Figures

In Figures A2-17, we go MN-by-MN to explain how wassigned each MN in the left T1 neuromere in FAN@s muscle. In the
legends for each Appendix A figure, we interpret évidence for the match. We also describe the lmaschitecture and the points
of tendon attachment and mechanisms of movingdiné, jin cases where such information is noveldoosophila

We lay out the Supplementary Figures accordin@pédfollowing general format. For a representatigerke, see Figure A10.

The left most column shows the FANC segmentatiothefMNs. We show the MNs first, to underscoredhgctive of
the exercise, i.e., to find the muscle target faetof FANC MNs and cross them off the list. Thaygcale indicates
different motor neurons, roughly from smallestaggest in volume, numbered from 1 to 69. The saragsgale is used in
Figure 3 when the neurons are displayed together.

The next column typically shows MCFO clones frone thanelia Neuronbridge MCFO collection that shomilair
morphology to the FANC neurons. The images arefdeplored maximum intensity projections (MIPs). \Afened to
include only images of bright, single clones, bw imclude less clear images (dim, multiple neurats,) when the
morphology is recognizable. Our objective with th@rages was to show examples of the different haqgies we see
in FANC. Ideally, we would find GAL4 lines to labehch specific MN, but some of the MCFO clonedliagdy the same
neuron labeled by different GAL4 lines.

The third column typically shows the leg or bodypmssion of GFP, driven by the GAL4 line that proell the MCFO
clone to its left. The GAL4 lines often labeled tiple MNs, such that we observed axons that inrtedrather muscles,
which can be seen in several images. In many cagesould recognize the other MNs, and often theuld appear in a
different fluorescence channel or separate MCFQplmardccasionally, no MCFO image would show theitamithl MNs.
In those cases, we would have to circle back tb@#e_4 line once we had more information, in ortedetermine which
muscle the MCFO clone targeted.

The fourth column of the atlas figures shows a s@te of the target muscle and the leg segmenis s€hematic is taken
from the annotated muscle fibers in the XNH volufflee annotated muscle fibers are shown next te¢hematic. The
muscles can have additional substructure, whicillustrate with the schematic. For instance, th& FN innervates the
more proximal fibers of the tibia extensor musulbijle the SETi innervates the more distal fibeng(Fe A11).

In the rightmost column, we include images fromXiH volume that corroborate the number of neurthrag innervate
a particular muscle. For instance, we show crossoses of nerves that we can follow to the muscée®] we account for
the other neurons in those nerves. Or, we showémag countable neurons leaving the ProLN leg ndrveases where
we could trace the motor neuron through the mu$imbes, we include the traced skeleton and its theugers.

Finally, in some figures, we include novel inforinatabout muscles and tendons and how they attaziiticle and actuate
a joint.

To fully appreciate the three-dimensional detdilieg biomechanics, the XNH volume of the leg, intthg annotations, is a public
resource available attps://www.lee.hms.harvard.edu/resources




Table A4. Muscle targets of FANC motor neurons, based ontiiyérg features across anatomy datasets.

Muscle Atlas Figure, FANC Axons, nerve | Clearest evidence supporting identification
Appendix A MNs; in XNH
Tergopleural promotor,| Figure A2 4 1-4, DProN The MNs in the DProN andlyadhose MNs enter the promotor
Pleural promotor muscles. Total # of axons in XNH unclear, the néraeels in a
region of the volume that is reconstructed fromdowesolution
tomographs.
Pleural remotor and Figure A4 2 2, ProAN
abductor
Sternal anterior rotator| Figure A3 2 2, VProN
Sternal posterior rotator  Figure A4 4 4, ProAN MCE@nfirms neurons with posterior somas innervagepibsterior
rotator
Sternal adductor Figure A3 1 1 A single axon leaves the ProAN and enters the rauscl
ProAN
Tergotrochanter Figure A5 4 4, VProN Thorax imaging of GAL4 linddCFO clones with distinctive L-
extensor shaped morphology and VProN axons
Sternotrochanter Figure A6 2 2, Axons in VProN, dendritic morphology is very sinmita trochanter
extensor VProN extensor MNs. 2 axons from VProN innervate the feuscXNH
Trochanter extensor Figure A6 2 2, FANC MNs are tightly bundled, despite somas inattéght places.
ProLN Baek and Mann data show that a neuron with a decsah
innervates the tr. extensor muscle (LinJ)
Trochanter flexor Figure A7-8 8 8, MCFO clones and GAL4 line imaging confirm that MiNgh
ProAN (5) posterior somas do innervate the proximal fibersheftr. flexor
VProN (3) (Figure A7), which accounts for the remaining 2 MMgh small,
posterior somas (of 6 total, with 4 going to therisal posterior
rotator).
In XNH, 5 axons innervate the tr. flexor from th@RN, 3 from the
VProN.
FANC morphology of 3 MNs bundled in ProAN and 3 Mblsndled
in VProN, which all resemble the morphology chagadeed in
Enriquez et al. 2015.
Accessory trochanter | Figure A9 3 ? Primary neurites bundled with offierflexors, but travel in the
flexor ProLN. MCFO clones with similar morphology->GAL#A#é&s show
ProLN axons innervate the acc. tr. flexor muscle.
Femur reductor Figure A10 6,w2|6,w 2very Enriquez et al. (2015) investigated the genetiemeinants of the
very small characteristic morphology of femur reductors nearon
small ProLN
Tibia extensor Figure A11 2 2 2 neurons exit the ProLN together, pass througtidasembrane.
ProLN
Tibia flexor Figure A12 5 4 Well-known morphology from Azevedo et al. 2020 artiders.
ProLN, Neurons with the visually most elaborate dendrigesgering all
possibly a 5th| regions of the neuropil.
with the fast
flexor.
Accessory tibia flexor Figure A13-14 10 5 anterior Baek and Mann reported 9 acc. tibia flexor neurbased on axon
5 posterior morphology. We found 10 neurons with characteristazphology in
ProLN FANC that resembles the morphology of the slowatibéxor in

Azevedo et al. 2020




Tarsus depressor Figure A17 Uncertain, cuf Early born LinA neuron has a characteristic ventrahaped

muscle off projection and targets the Tarsus depressor mu3ther MNs share
some morphological features except for ventral apsh

Tarsus retro depressor| Figure A17 Uncertain, cuf GAL4 lines label a neuron with a medial projecttbat targets the

muscles off fibers that originate on the distal tibia cuticle.

Tarsus levator muscle Figure A17 Tarsus levator] GAL4 line and MCFO image of a neuron with a megiajection

ProLN

similar to FETi and SETi. MN in left T1 does noteahis medial
projection, but its pair in right T1 does.

Long tendon muscle 2 Figure A15-16 4 GAL4 line and MCFO with posterior dendrites, as aggd to more
ProLN anterior dendrite, which is characteristic of ltm1.
GAL4 line and MCFO image of smaller morphology axbn
targeting Itm2.
Long tendon muscle 1 Figure A15-16 4 GALA4 line and MCFO images of cells with an anterioedial
ProLN dendrite, which is characteristic of Itm1.

GALA4 line and MCFO image of smaller morphology axtn
targeting Itm1.







Figure Al. Overview of leg musculature and the X-rg holographic nano-tomography dataset(A) The XNH volume has the
resolution to view individual axons, and the sgat@erage to view most of the leg as well as theve@s entering the VNC (Kuan
et al., 2020).B) Section through the muscles in the thorax thaiade the coxa. Image plane is indicated in F, teusalors are
indicated in F and GQ) Section through the muscles in the coxa thatadetthe trochanter/femur. Image plane is indicated,
muscle colors are indicated in @)(Section through the muscles in the femur thaiatetthe tibia. Image plane and muscle color
are indicated in H.K) Section through the muscles in the tibia thatiatet the tarsus. Image plane and muscle colondieated in

I. (F) Annotated muscle fibers that actuate the thomagoint. Cyan muscle fibers move the coxa antgrand medially, magenta
muscles move the coxa posteriorly and lateratB). Annotated muscle fibers that actuate the coxeh@ater joint. The trochanter-
femur joint is thought to be fused to the femurd dnese muscles effectively actuate the trochdataur. The tergotrochanter,
sternotrochanter and trochanter extensor musobedfiall insert on the trochanter extensor tendwygh they originate from the
tergum, the sternum, and the coxa, respectively Ahnotated muscle fibers in the trochanter anduierihe tibia flexor, accessory
tibia flexor, and tibia extensor muscle actuatefémsur-tibia joint. The different shades of bluafple for tibia flexor fibers indicate
fiber innervated by each MNs. The long tendon neuditlers insert on the long tendon (see D and B flinction of the femur
reductor muscle is unknowrl) (Annotated muscle fibers that actuate the femhiefoint. The XNH volume stops ~% the length of
the tibia. Missing from the XNH are the tibia rettepressor muscle fibers (Table Al).



Figure A2. MNs 1-4 innervate the tergopleural promtor and the pleural promotor muscles in the thorax.(A) FANC
reconstruction of MNs 1-4. Grayscale indicatesedéht MNs as in Figure 4. MNs 1-4 exit the protletralorsal nerve (DProN).
MNs are numbered as they are ordered in FigurB)2Dépth-colored maximum intensity projection (Mi&f)a multi-colored flip-
out (MCFO) clone (GMR10B11-Gal4). Green colors @adé ventral, redder colors indicate dorsal obj&atser neurons are labeled
in the image, but a single left T1 MN with an axaxiting the DProN is visible.d) Expression of GFP (grayscale) in the thorax
showing targeting of muscle fibers inserting orite medial-anterior aspect of the coxa (dasheddirtkne). ©) Schematic of the
tergopleural and pleural promotors within the legsoulature. ) Muscle fibers annotated in the XNH volume. Musobatraction
would tend to pull the coxa forward (promotion)ateve to the joint. f) The DProN (arrow) weaves through the muscle §iludr
the tergopleural promotor and the pleural promatascles (orange)X) The same DProN carries sensory information fromat
hairplate 3 (gray arrow, Kuan et al. 2020), whiem de identified in FANC, supporting the claim tiia¢ DProN is correctly
identified in the XNH volume. In summary, four MMzit the DProN and likely innervate these two mescln a companion paper,
we show that all four receive input from commonsgreaptic partners (Lesser, Azevedo et al. 2023yvdver, we are uncertain
about the exact target for each MMN.)(The thorax-coxa joint resembles a ball and sojcket, where the socket is on the proximal
coxa, reversed from the mammalian shoulder or bisttuction. In the XNH volume, a small scleritend@® seen emanating from
the thoracic cuticle (gold), and a cup shaped-porbif the coxa (purple) appears to hang from tbesitic sclerite. Other insects, as



well as crustaceans appear to have a different-tmehanter structure that limits the degreesreéflom of the joint (Frantsevich
and Wang, 2009; Hessler, 1982).



Figure A3. MNs 5-6 innervate the sternal anterior ptator muscle. MN 7 innervates the sternal adductomuscle.(A) MNs 5-

6 exit the ventral prothoracic nerve (VProkB) Depth-colored MCFO clone (GMR10B11-Gal4). Otheurons are labeled in the
image, but a single left T1 MN with an axon exitithg DProN is visible(C) Left, GFP expression in the thorax, with phalioid
counterstain (magenta). An axon enters the stamakior rotator muscle (orange dashed line). Rigihgle channel in grayscale
showing GFP expression in the thorax. Note, GMRI0BAI4 also labels a tergopleural promotor MN (FégA2), and this GFP
image shows a separate plane of the same confackl ) Two MN axons (arrows) leave the VproN and innésvie sternal
anterior rotator muscle (orangelg)(The sternal anterior rotator muscle fibers omdggnfrom the sternal cuticle and insert on the
medial edge of the rim of the coxal. Muscle corttoacwould likely tend to rotate the coxa aboutl@sg axis, and to adduct the
coxa medially. F) MN 7 exits the prothoracic accessory nerve (PrpfB) A single axon leaves the ProANH)Y The same axon
innervates the sternal adductor muscle fibers énNH volume. () Contraction of the sternal adductor muscle caasiesiction
(medial movement) of the coxa. The origins of thesate fibers are not visible in the XNH volume. Thascle fibers insert on the
posterior edge of the rim of the coxa cuticle.






Figure A4. MNs 8-11 innervate the sternal postemdator muscle. MNs 12-13 innervate the pleuraia®r and abductor muscle.
(A) MNs 8-11 have cell bodies on the posterior eordf the left T1 neuropil and axon that exit trgbuhe ProAN. (B) MCFO
clones (VT000353-Gal4, GMR14B04-Gal4, VT029517-G4ld) Leg expression in Gal4 driver lines. Left, BSwith phalloidin
counterstain (magenta). Right, GFP channel in galgs Dashed line indicates the coxal cuticle. Agandicate MN axons in the
sternal posterior rotator. (D) Schematic and artimtaf muscle fibers in XNH volume. The originstbé muscle fibers are unclear.
The muscle fibers insert onto the posterior edghefproximal rim of the coxa. Muscle contractionuld tend to pull the coxal
posteriorly (remotor), or rotate the coxal abostakis. (E) Example images of 3 of four MN axonga(@ leaving the ProAN to
innervate the sternal posterior rotator musclerilg&NH). (F) MNs 12-13 have axons that exit througe ProAN. (G) Two MN
axons (cyan) pass through the muscle fibers o$tdimal posterior rotator muscle (D) before findamgl running along the muscle
fibers of the pleural remotor and abductor mus@h). The origins of the muscle fibers are uncleathe XNH volume, but the
insertions can be distinguished from the sternatgrior rotator fibers because they connect vialapwes (or tendons, blue), rather
than directly onto cuticle as the sternal posteridator fibers do (arrowheads). (I) Annotated nheidibers in the XNH volume.
Muscle contraction would tend to pull the coxatally (abduction).






Figure A5. MNs 14-17 innervate the tergotrochantemuscle. (A) MNs 14-17 have axons that exit through the VProNe
anterior exit point, relative to the leg nerve,dtiger with the medial branch gives the neuronsstindtive rotated L-shapeB)
MCFO clones with this distinctive rotated ‘L’ sha(@MR22G01-Gal4, VT049481-Gal4, VT063540-Gal4, VT829-Gal4). C)
GFP expression in the periphery. By luck, in the RMGO01-Gal4 sample, the tergotrochanter muscledibaled into the coxa.
The other samples show axon labeling in the tharamuscle fibers that originate at the tergum. Ttea is outlined with a dashed
line. (D) Schematic of the tergotrochanter musdtg.Annotated muscle fibers in the XNH volume. Musodatraction pulls on the
trochanter extensor tendon to extend the trochamtdrfemur(F) The tergotrochanter muscle fibers (dark orangsgiit on the
trochanter extensor tendon (arrowheads). Anothesctauthe sternotrochanter extensor (light oranigedpmposed of fibers that
originate from the sternal cuticle and also insettb the same tendorG) The longitudinal axons in C can be seen in ceesgion
within the tergotrochanter muscléd A final piece of evidence supporting the clainatttViNs 14-17 innervate the prothoracic
tergotrochanter muscle is that they share a similaiphology with the well-known jump MN in T2. Arige branch elaborates in
the posterior-lateral portion of the neuromered@ajr Like the MNs 14-17 that exit the VProN, the TZ MN exits a different
nerve from other leg MNs.






Figure A6. MNs 18-19 innervate the sternotrochanteextensor muscle. MNs 20-21 innervate the trochantextensor muscle
in the coxa.(A) The axons of MNs 18-19 exit the VProN. (B) 8atatic of the sternotrochanter extensor muscleng@réndicates
muscles that extend the coxa-trochanter joint, agg reaching. We did not find any Gal4 lines tleddel either MN. (C) The
annotated muscle fibers of the sternotrochantemsxdr muscle. The fibers insert on the trochantemsor tendon, the same tendon
in E and Figure A6F. The insertion of these fiiensot shown. (D) The muscle fibers (light orangayinate on the sternal cuticle
of the thorax (arrowheads). The neighboring teagitanter extensor (dark orange) in cross-sectioksldike capocollo. (E) Two
MN axons leave the VProN to innervate (arrows)dRtracoxal trochanter extensor fibers (light orgndée trochanter extensor
tendon can be seen (arrowheads) within the tergadirtter fibers (dark orange). (F) MNs 20-21 exé titothoracic leg nerve
(ProLN) and innervate the trochanter extensor neuiscthe coxa. MN 20 has a soma on the dorsalxoftthe neuromere. We did
not find any MCFO clones for this neuron, but ie thiork of Baek and Mann, a MARCM clone, arisingnfrneage LinJ, with a
dorsal soma was found to innervate the trochargeressor (Baek and Mann, 2009). (G) Schematic etrdchanter extensor
muscle. Right, annotated muscle fibers in XNH vaduimihe fibers originate from the interior surfadeélhe coxa and insert on the
trochanter extensor tendon. (E, arrowheads) (H)mAMCFO clone (VT041366-Gal4). (I) GFP expressiarthe coxa. (J) Two
axons (arrows) leave the ProLN (dashed cyan lind)ewventually innervate the trochanter extensorcitedibers. (K) Two annotated
muscle fibers that are innervated by one of thettachanter extensor MNs (inset). These two filoersiot insert onto the extensor
tendon like the rest of the muscle fibers. Instéley insert directly onto the surface of the trartter. (L) Plane 1. Indicated in K.
The two accessory muscle fibers (dark orange) syftestrochanter extensor tendon (arrowheads)P(&he 2. Indicated in K. The
trochanter extensor tendon (arrowhead) inserts @stoall sclerite on the trochanter (arrow). The &gcessory fibers continue to
their more distal insertion site. More details ba action and movement of the coxa-trochanter miatshown below (Figure A7).



Figure A7. MNs 22-23 have somas on the posterior tex of the neuromere and innervate the proximal fbers of the
trochanter flexor muscle.(A) Two MNs in FANC have somas on the posteriateoof the neuropil that are smaller than the MNs
that innervate the sternal posterior rotator muéelgure A4A). (B) Left, schematic of the trochanfexor muscle in the coxa.
Right, proximal muscle fibers of the trochantexéie originate on the interior surface of the cord asert on the trochanter flexor
tendon (not shown). Two axons from the ProAN inaggvthe proximal fibers. (C) MCFO clone (VT02596aM5. (D) GFP
expression (VT025963-Gal4) in the proximal coxasfaal line). (E) Five MN axons innervate the tro¢hafiexor muscle (XNH
volume), with two innervating the proximal fibetddck arrows). Thus far we have accounted for sefeéhe 12 neurons that exit
the ProAN in FANC. The five neurons in this neneeaunt for the remainder, and all five innervate ttochanter flexor muscle.
The sixth object in this nerve is the strand regepfogether, these data support the claim thatrtewrons with posterior somas
innervate the trochanter flexor muscle in the cdkg.Actuation of the coxa-trochanter joint. Lefegmented volumes of coxa
(gray), trochanter (purple), and connective tissmrenecting the trochanter flexor tendon to a pretabce of the trochanter cuticle
(blue). The image planes 1. and 2. indicate thegesao the right. 1.) The antagonist extensorfenr muscles insert on the
tendons (arrowheads). 2.) More distally, the exdetesndon (x) and flexor tendon (f) connect to titeehanter on opposite sides of
a small protuberance of the trochanter that restssmall cavity of the coxa. We propose that ttteresor and flexor muscles move
the trochanter about this pivot point.






Figure A8. MNs 24-29 travel along the ProAN (N=3) othe VProN (N=3) to innervate the anterior or poserior fibers of the
trochanter flexor muscle, respectively.(A) Trochanter flexor MNs have characteristic muorlogy, with more lateralized
branching in the neuropil and swooping primary itear The genetic basis of this morphology was stigated by Enriquez et al.
(2015). Three of the neurons exit via the ProANg¢hexit the VProN. (B) MCFO clones with charactci morphology
(VT063626-Gal4, VT049481-Gal4, VT017399-Gal4, VT822-GAL4, GMR20C08-GAL4). It can be unclear via aiinerve the
axons travel. (C) Leg images of GFP expressiohdrcbxa (dashed outlines). (D) Schematics of theqmoof the muscle innervated
in each line. The XNH volume reveals the trochafietor tendon (arrowheads) starts as a wide bhatikiisects the trochanter
flexor muscle, with anterior muscle fibers (lighu®) inserting on one side and posterior fibergkddue) inserting on the other
side. (E) A branch of the ProAN innervates the antdibers, carrying five MNs and the strand retoegwhite arrow). Two MNs
that innervate proximal fibers are indicated wittiepblue arrows, possibly the neurons with smatt@aor somas (Figure A7). A
third (of the five) innervates the same proximbefis. If the two neurons with dorsal somas aretfanal, this would be an example
of polyneural innervation. (F) A branch of the VRroarries three MNs that innervate the postertmer, along with sensory axons.






Figure A9. MNs 30-32 travel the ProLN to innervatethe accessory trochanter (tr.) flexor muscles in th coxa.(A) Accessory
tr. neurons exhibit a similar morphology as trxieneurons (Figure A8), with lateralized dendréesl swooping primary neurites,
but with fewer branches and axons that travel tle R. (B) MCFO clones of accessory tr. flexor MNs. B') Imecexample line,
two somas are visible in both channels, but theldtss of the accessory tr. flexor neurons arebldsin one channel whereas the
dendrites of an Itm MN are visible in channel @) GAL4-driven GFP expression in the coxa (greerthywhalloidin counterstain.
Left: GFP expression. C") Coxa and tibia GFP exgioesshowing innervation of both accessory troabafiexor and Itm1 muscle
in the tibia.(D) Schematic of accessory tr. flexor musck). Yiew of the coxa-trochanter joint from an antenmint of view. The
trochanter appears to pivot around a protuberahtteedrochanter cuticle that fits into a cavitythe distal coxa. The accessory tr.
flexor muscle fibers (light blue) insert onto a Banpiece of trochanter cuticle as the tr. flesi@mdon, but originate on the opposite,
posterior-lateral surface of the coxa from the hatter flexor fiber (dark blue). The image plarfesand 2., indicate the images in
G and H.(F) A rotated view of the coxa-trochanter joint, franateral point of view, in the approximate plarieactuation. G)
XNH image at plane 1. The accessory tr. flexorrb@ight blue) connect to individual tendons oodemes (blue arrow), rather
than a single large tendon. The trochanter flexorextensor muscle and tendons (arrowheads) abtevigd) XNH image at more
distal plane 2. The accessory tr. flexor tendomsally insert at the same tr. location as theofiéendon and its connective tissue.






Figure A10. MNs 33-38 innervate the femur reductomuscle in the trochanter.(A) The genetic basis of femur reductor MN
morphology was investigated by Enriquez et al. 80The MNs arborize in the anterior and mediatipos of the neuropil, the
medial branch being characteristiB) MCFO clones of femur reductor MNSCY GAL4-driven GFP expression in the trochanter
(green) with phalloidin (magenta) counterstald) Schematic of femur reductor musclg) Muscle fiber and MN annotation in
XNH data. £) XNH images of MNs leaving the leg nerve, inclugliz very small diameter axons, likely the top twbdl§/in (A).



Figure A11. MNs 39 & 40 are the slow extensor tibea (SETi) and the fast extensor tibiae (FETi) MNs(A) The genetic basis
of the SETi MN morphology was investigated by Engag et al. (2015). The MNs have a characteristidiah®ranch in the posterior
portion of the T1 neuropilB) MCFO clones of tibia extensor MNY GAL4-driven GFP expression in the femur (outlinEhe
SETi innervates the distal fibers of the musclehveite more pinnateDj XNH annotation of muscle fibers and MNs. The SETi
targets the distal fibers of the muscle (C). Thetalifibers are more pinnate, suggesting less nmicdlaadvantage, perhaps a
mechanism underlying the smaller forces produceshlikes in the SETiF) Cross-section of XNH volume through the femureTh
tibia extensor MNs leave the ProLN and pass thraugiembrane that separates the extensor musclettioiffexor muscle, the
[tm2 muscle, and the nerve, like fascia in vertebrausculature.






Figure A12. MNs 41-45 innervate the tibia flexor macle. (A) The tibia flexor MNs elaborate throughout the fiduromere.
Salient morphological features include a dorsakgria branch, shared with accessory tibia flexdwsMA13-A14), and prominent
medial branches. The largest MN by volume in Ieffti the Fast tibia flexor (MN #45, Azevedo et2020). The Fast tibia flexor
MN in left T1 lacks the medial branch, though tlght T1 pair does have a medial branch (not sho{@))We have recorded from
tibia flexor MNs in our past work, so some confitioa of the tibia flexor morphology comes from simiof biocytin fills during
recordings. In those cases—#41, #44, and #45 kootry—we have also measured tibia force produdtmm eliciting spikes in the
MN. (C) Leg expression of GFP or biocytin fillD) Motor units in the tibia flexor muscle. The onetor unit we are unclear about
is the motor unit innervated by the most distalrex®aek and Mann (2009) reported a similar axahéntibia flexor muscle, Fe X.
In our EMG recordings in the tibia flexor muscles did not report a second identifiable unit in dietal tibia, but we did observe
a third cluster in our GCaMP imaging of the tidexbr muscle that we did not extensively analyzeictv could be due to the action
of this neuron.






Figure A13. MNs 46-49 innervate the accessory tilegor muscle. We hypothesize that MNs 46-49 inat¥ the muscle fibers
that originate from the posterior surface of thadie, though we are not certain. (A) Four of thetibia accessory MNs in FANC.
A characteristic feature is the thin posterior psscthat leaves the primary neurite near the exittpThis process also projects
dorsally. (B) MCFO clones and a biocytin fill frofzevedo et al. 2020 (GMR35C09-GAL4). (C) Leg expies of GFP or biocytin
fills. The axons of these accessory tibia flexor $Nnervate the posterior fibers. (D) Anatomy @ #tcessory tibia flexor muscle,
with posterior fibers in red and anterior fibersine. Inset shows a confocal image of two brandfiescessory tibia flexor MNs
projecting either anteriorly or posteriorly in tkeme image. The SETi is also labeled and ident{fieainge). (E) All ten accessory
tibia flexor MNs. In a separate observation in FANIGese four MNs 46-49 (magenta) travel in a sdparact from the other six
MNs, MNs 50-55 (cyan). (F) YZ-plane through the FBIEM volume at the gray dashed line in the imadefatshowing that six
cyan MNs run closely together (black asterisks)emghs the magenta neurons run in a more postear(tvhite asterisks). One
possible explanation is that the magenta neuramsrinate the posterior fibers and the cyan neuremd to innervate the anterior
fibers. This is certainly true of the single MN &&d by 35C09-GAL4, which we studied in Azevedale{2020). The neuron has
a characteristic medial projection, like severabarda neurons, which is not a prominent featufddé 50-55 (cyan).






Figure A14. MNs 50-55 innervate the accessory tibilexor muscle.(A) The remaining 6 accessory tibia flexor MNB) MCFO
clones from GAL4 lines that label axons innervatiihg anterior fibers of the accessory tibia flex0@MR21G01-GAL4,
VT023555-GAL4, VT015783-GAL4). We found more GALi#ds that label neurons innervating the posteiimré than anterior
fibers. We found more GAL4 lines that label neuromervating the posterior fibers than anterioef&(C) GFP expression in the
leg showing axons targeting the anterior fibersore instance (VT015783-GAL4) the MCFO images shibtwe different MNs,
one with an anterior primary neurite (cyan arrovdhethe other with a posterior neurite (magentawhnead), and the GAL4 line
labeled axons targeting both the anterior and tistgpior muscle fibersD) We recorded from an accessory tibia flexor MNhwet
large axon and filled it with neurobiotin. The axangets anterior fibers (GMR81A06-GAL4). Spikeshis neuron produced large
forces on the tibia (not shown), which leads ubytpothesize that we recorded from the largest acegdibia flexor MN. Further
experiments are necessary to confirm this hypath@sj Axons leaving the ProLN and entering the accestbia flexor muscle.
Top: schematic showing the location of the imagme$ below. The axons are indicated with arrowheHas anterior (red) or
posterior (blue) muscle fibers are shaded. We cbaxbns that innervate the anterior fibers arftbbinnervate the posterior fibers,
which is inconsistent with the hypothesis that negr50-55 all innervate the anterior fibers (FigAdes8). Importantly, the high
number of accessory tibia flexor MNs is consistegith past work (Baek and Mann, 2009, Brierley ef 2012) and supports our
claim that MNs 46-55 innervate this musclg) More work is required to precisely map the MN&ANC to these axon exit points
in XNH and to muscle fiber innervation.






Figure A15. MNs 56-59 are small MNSs that innervatéhe long tendon muscles in the femur and tibialA) Reconstructed MNs
in FANC. Two have medial branches, while two labk tmedial branchesB] MCFO clones (VT000816-GAL4, GMR22B05-
GAL4, GMR24E12-GAL4, GMR24E09-GAL4)Q) GFP expression in the leg showing axons targeditiger the Itm1 muscle in
the tibia (Ti) or the Itm2 muscle in the femur (F&) one instance (GMR22H10-GAL4) the MCFO imagesveed two different
MNs, one with the small morphology shown here areldther with the large, medially projecting morfalgy shown in Figure
Al16. We are certain that both Itm1 and Itm2 areeimated by an MN that lacks the medial branch, tihicth appear to express
DIP-alpha (Venkatasubramanian et al., 2010).Qur data indicate that one of the MNs with a rakdranch targets Itm1. We also
see four axons innervating Itm2 in the femur in XidH data (not shown). Together with the data igufé A16, we conclude that
both Itm muscles are innervated by one MN of eaorpfmlogy.



Figure A16. MNs 60-63 are large MNs with medial braches that innervate the long tendon musclg¢A) Reconstructed MNs
in FANC. All four have branches that project melgiabut two have medial dendrites that branch o6f& anore anterior location
along the primary neurite, and the other two hal@iteonal medial branches that branch more pogtgri(B) MCFO clones from
GAL4 lines that label axons innervating Itm musdiegshe femur (Fe) and tibia (Ti) (GMR20C08-GALAMR22H10-GAL4,
GMR38C08-GAL4, VT008425-GAL4).Q) GFP expression in the leg showing axons targdtingtm muscles. Our data suggest
that the MNs with posterior medial branches innntae Itm2 in the femur. Consistent with this, gusterior medial branches
arborize with a similar dendrite on tibia flexor MNwhich also innervate the femur.






Figure A17. MNs 64-69 innervate the tarsus levatoand depressor muscles(A) Tarsus control MNs appear to be the least
elaborate MNs, with dendrites restricted to theedot, lateral portion of the neuropil. The exceptis the tarsus depressor MN
with a U-shaped process in the ventral portiomefrieuropil (65, cyan arrows). This neuron is ifet MN born in the LinA lineage,
which produces the majority of the MNs that trawethe ProLN (Baek and Mann, 2009; Venkatasubraaraet al., 2019). The
edge colors indicate neurons with anterior (bluepasterior (red) primary neurites, shown in (B) MCFO clones from GAL4
lines that label axons innervating the tarsus admuscles. Clones with similar morphology are édko the FANC neurons in (A)
(VT043144-GAL4, VT040577-GAL4, GMR38D01-GAL4, VT0026-GAL4, VT012323-GAL4, GMR18H11). The ventral U-
shaped dendrites of the large tarsus depressoomeapipear cyan in the depth-colored MIPs, indicatigh cyan arrows.@) GFP
expression in the tibia (Ti)D) Annotated muscle fibers in the incomplete tibiahe XNH volume. E) Confocal images of tibia
muscles (phalloidin, magenta), at three depths.r&tre tarsus depressor muscle fibers are absemttine XNH volume. One set
originates from the anterior, distal tibia cuti¢isslice 48, blue arrow), and stretches proximalynsert on the tarsus depressor
tendon (z=slice 36, white arrow). The other sajindtes from the posterior, distal tibia cuticleglice 14, blue arrow), and stretches
laterally to insert on the depressor tendon (zesB6, white arrow). The long tendon is visible lie same slice as the depressor
tendon. F) The primary neurites of the tarsus depressol@arator MNs (numbered) follow similar, grouped tsaas the accessory
tibia flexor MNs (asterisks). @) The right T1 tarsus levator MN shows a charastierposterior, medial branch, which its paired
neuron in left left T1 does not. To summarize, we @nfident in the identity and muscle targethaf karge tarsus depressor MN
(65), the tarsus levator MN (69), and the retrordsgor MN (64). We are not certain of the precisisate fibers innervated by the
other three tarsus control MNs, but confident thal target tarsus muscles in the tibia. Past wadgested that tarsus depressor
MNs outnumber tarsus levator MNs, consistent withgroposed targets here (Brierley et al., 2012).






Figure A18. UMAP algorithm identifies clusters of MNs that align with our proposed MN identities.(A) Automatic prediction
of synapse location allows us to compare the mdogfyoof MNs by comparing the density of their inmynapses in the T1
neuromere. We divided the neuropil into 8 pm x 8 xuBium voxels and counted the number of input ggea in each voxel for
each MN. B) The 69 MN vectors of synapse counts were normalaed then embedded from 1891-D voxel-space into two
dimensions using the UMAP algorithm (Mclnnes et 2020). L2 normalization spread the clusters oanfeach other compared
to L1 normalization. Most MN synapse density vestfall into distinct clusters. Several MNs embeddedr one another (inset).
(C) The clusters identified by UMAP are aligned witie MN muscle targetsD] An alternative metric to the UMAP embedding is
the dot product of the synapse density vectorseddhe cosine similarity. We used scikit-learnctonpute the cosine similarity
(Pedregosa et al., 2011). The matrix of pair-wisgarisons shows higher pair-wise similarity witkie clusters identified by
UMAP. (E) NBLAST is a standard method for computationatlynparing neuron morphologies (Costa et al., 2016¢. pairwise
NBLAST scores are also higher within the UMAP chust £) The cumulative density functions (CDFs) of cossiilarity
comparisons within (black line) vs. across (grae)iclusters.@) CDFs of NBLAST comparisons within (black line).\across
(gray line) clusters. The area under the curve (Ald@he Mann-Whitney U statistic divided by the@guct of numbers of elements.
This measures the discriminability of within vsr@s comparisons. The AUC is higher for the cosinglarity of the synapse
density vectors than for NBLAST comparisons.

The UMAP clustering corroborates our assignmentairMN atlas above. The FANC MNs that we identifes belonging together
are also identified as belonging together basethenocations of their synapses. This demonstithgtsclustering neurons based
on synaptic density is a potentially useful toot@mjunction with other clustering techniques kiterarchical clustering of a distance
metric like cosine similarity or NBLAST. Hierarclit(Ward) clustering based on NBLAST or cosine kinty gives different
clusters, particularly for smaller neurons (notwhp The cosine similarity matrix provides somauition for why this is the case:
MNs often have dendrites near MNs that target atingscles, such that the off-diagonal similarity barhigh F, gray curve). This
is more pronounced for NBLASTG( gray curve), since the method compares MN moggyland MNs at least tend to have
similar primary neurites.

UMAP clustering resolved many of the ambiguitieattive encountered when trying to group MNs basednorphology. For
example, cluster 4 contains all 11 neurons we ifiedtas innervating the trochanter flexor musaie accessory trochanter flexor
muscle. InFigure 3 in the main text, we show that MNs with two typédsnorphologies innervate the trochanter flexor ofeisn
the coxa. Cells with one morphology have anterak lzodies and the other cells have posteriorlmgdiies. Both types congregate
in cluster 4. For a second example, 9 of the 1@ssmry tibia flexors separate into two clustensstelr 7 (4 MNs) and cluster 8 (5
MNSs), just as we observed Figure A13 and Al14. Cluster 7 contains accessory tibia flexor MNshwitore posterior primary
neurites Figure A13F), cluster 8 contains those with more anterior itesir

UMAP clustering also revealed a novel phenomenahwe could not have predicted based on morphadgye, namely that the
tarsus MNs that innervate muscles in the tibiaalccluster with one another, and instead sepantdedistinct clusters. Referencing
the numbers irFigure A17 above, FANC MN 65 clusters with two small Itm newns. All three neurons express Dip-alpha, as
previously described (Venkatasubramanian et aL92G-ANC MN 66 clusters with the tibia flexor neas and the four accessory
tibia flexors in cluster 7. FANC MNs 67 and 68 ¢hrswith the five accessory tibia flexors in clusBe FANC MN 69, which we
believe is the tarsus levator MN, clusters withtérgh accessory tibia flexor MN (FANC MN 55) irttuster 9, which embeds near
the FETi and the SETi in cluster 6. Finally, FAIMD 64 appears to be distinct. As described abasenique morphology suggests
it is the MN that targets what we term the retrsua depressor fibers that originate more distaltjeir insertion points. Together,
this suggests that tarsus neurons may share meapsy locations with distinct clusters of accestibig flexor MNs. A companion
paper analyses the input connections to these neanad confirms that neurons that cluster togetbeording to synapse density
also receive common input from shared presynagtithprs (Lesser, Azevedo et al. 2023).

In summary, the UMAP embedding appears to clusterans that innervate shared portions of the nélurbipe most tantalizing
interpretation of this result is that the T1 neuesencan be thought of as containing a distributgdtapic map, such that premotor
neurons can target the MNs that control a partigoiat by innervating locations that are commorittat group of MNs.



References cited

Azevedo, A.W., Dickinson, E.S., Gurung, P., Venkatramanian, L., Mann, R.S., Tuthill, J.C., 2020si&e principle for
recruitment of Drosophila leg motor neurons. el9fe56754. https://doi.org/10.7554/eLife.56754

Baek, M., Mann, R.S., 2009. Lineage and Birth D&fecify Motor Neuron Targeting and Dendritic Arelgiture in Adult
Drosophila. J. Neurosci. 29, 6904—6916. https:/titgi10.1523/INEUROSCI.1585-09.2009

Brierley, D.J., Rathore, K., VijayRaghavan, K., Wdins, D.W., 2012. Developmental origins and aettitre of Drosophila leg
motoneurons. J. Comp. Neurol. 520, 1629-1649. Witjps org/10.1002/cne.23003

Costa, M., Manton, J.D., Ostrovsky, A.D., Prohaska, Jefferis, G.S.X.E., 2016. NBLAST: Rapid, Stéwsi Comparison of
Neuronal  Structure and  Construction of Neuron  FamilDatabases. Neuron 91, 293-311.
https://doi.org/10.1016/j.neuron.2016.06.012

Court, R., Namiki, S., Armstrong, J.D., Bérner,Qard, G., Costa, M., Dickinson, M., Duch, C., KpW., Mann, R., Merritt, D.,
Murphey, R.K., Seeds, A.M., Shirangi, T., Simpsa#i., Truman, J.W., Tuthill, J.C., Williams, D.V&hepherd, D., 2020.
A Systematic Nomenclature for the Drosophila Vdntrédlerve Cord. Neuron 107, 1071-1079.e2.
https://doi.org/10.1016/j.neuron.2020.08.005

Enriquez, J., Venkatasubramanian, L., Baek, M.eilBen, M., Aghayeva, U., Mann, R.S., 2015. Speatifin of individual adult
motor neuron morphologies by combinatorial trams@in factor codes. Neuron 86, 955-970.
https://doi.org/10.1016/j.neuron.2015.04.011

Guan, W., Bellemin, S., Bouchet, M., Venkatasubnaiara, L., Guillermin, C., Laurencon, A., Kabir, @arnas, A., Godin, C.,
Urdy, S., Mann, R.S., Enriquez, J., 2022. Poststtaptional regulation of transcription factor cede immature neurons
drives neuronal diversity. Cell Rep. 39. https:i/di@/10.1016/j.celrep.2022.110992

Kuan, A.T., Phelps, J.S., Thomas, L.A., Nguyen, TNan, J., Chen, C.-L., Azevedo, A.W., TuthillCJ.Funke, J., Cloetens, P.,
Pacureanu, A., Lee, W.-C.A., 2020. Dense neurosedrrstruction through X-ray holographic nano-torapdy. Nat.
Neurosci. 23, 1637-1643. https://doi.org/10.103B398-020-0704-9

Mclnnes, L., Healy, J., Melville, J., 2020. UMAPnifbrm Manifold Approximation and Projection for mension Reduction.
https://doi.org/10.48550/arXiv.1802.03426

Meissner, G.W., Dorman, Z., Nern, A., Forster, Gibney, T., Jeter, J., Johnson, L., He, Y., Leg,Melton, B., Yarbrough, B.,
Clements, J., Goina, C., Otsuna, H., Rokicki, Kvir&as, R.R., Aso, Y., Card, G.M., Dickson, B.Bhrhardt, E.,
Goldammer, J., Ito, M., Korff, W., Minegishi, R. amiki, S., Rubin, G.M., Sterne, G., Wolff, T., Malkman, O., Team,
F.P., 2020. An image resource of subdivided DrodapBAL4-driver expression patterns for neuron-lesearches.
https://doi.org/10.1101/2020.05.29.080473

Miller, A., 1950. The internal anatomy and histotagf the imago of Drosophila melanogaster. Biolo&yph. 420-534.

Pedregosa, F., Varoquaux, G., Gramfort, A., Micklel,Thirion, B., Grisel, O., Blondel, M., Prettesfler, P., Weiss, R., Dubourg,
V., Vanderplas, J., Passos, A., Cournapeau, D.chgm) M., Perrot, M., Duchesnay, E., 2011. Scik#trh: Machine
Learning in Python. J. Mach. Learn. Res. 12, 288302

Phelps, J.S., Hildebrand, D.G.C., Graham, B.J.nKAaT ., Thomas, L.A., Nguyen, T.M., Buhmann, Jze&edo, A.W., Sustar, A.,
Agrawal, S., Liu, M., Shanny, B.L., Funke, J., Tilitl.C., Lee, W.-C.A., 2021. Reconstruction oftarocontrol circuits
in adult Drosophila using automated transmissionectebn microscopy. Cell 184, 759-774.e18.
https://doi.org/10.1016/j.cell.2020.12.013

Rueden, C.T., Schindelin, J., Hiner, M.C., DeZoB&., Walter, A.E., Arena, E.T., Eliceiri, K.W.027. ImageJ2: ImageJ for the
next generation of scientific image data. BMC Bformatics 18, 529. https://doi.org/10.1186/s12839-0934-z

Snodgrass, R.E., 1935. Principles Of Insect Morpiwl

Soler, C., Daczewska, M., Da Ponte, J.P., Dastugyelagla, K., 2004. Coordinated development o$ctes and tendons of the
Drosophila leg. Development 131, 6041-6051. htighaiborg/10.1242/dev.01527



Venkatasubramanian, L., Guo, Z., Xu, S., Tan, liaoXQ., Nagarkar-Jaiswal, S., Mann, R.S., 2016reStyped terminal axon
branching of leg motor neurons mediated by IgSFgime DIP- and Dprl0. eLife 8. https://doi.org/10.7554/el4{2692



