
Supplemental Figure S1. Dendrites of v’ada neurons cover segmental 
boundaries in a complete and redundant manner. 
Two neighboring v’ada neurons were labeled with EGFP ad mCitrine 
respectively by the Flybow system.  
 
Supplemental Figure S2. Dendritic fields of wild-type and Wnt5 mutant 
v’ada neurons. 
(A, B) Dendritic fields of v’ada neurons in wild-type (A) and Wnt5 mutant (B) 
abdomens.  
(C, D) Quantification of the dendritic field size (C, p = 0.628) and the field width 
(D, p = 0.434) of v’ada neurons in wild-type and Wnt5 mutants. 
(E, F) Quantification of the total dendritic length (E, p = 0.59) and the number of 
branch points outside of sternites (F, p = 0.38) in wild-type and Wnt5 mutant 
neurons. Error bars indicate standard error of the mean. n.s. > 0.05; unpaired 
Student's t test. 
(G, H) Quantification of the number of bristles on a sternite (G, p = 0.63) and the 
size of sternites (H, p = 0.19) in wild-type and Wnt5 mutants. Error bars indicate 
standard error of the mean. n.s. > 0.05; unpaired Student's t test.  
(I, J) Relative position of v’ada dendrites and ECM in wild-type (I-I’’’) and Wnt5 
(J-J’’’) 5-day adults. Dendrites and ECM are visualized with ppk-CD4tdTom and 
vkg::GFP, respectively. Scale bar, 50 mm. Live imaging of dendrite-ECM 
interaction was performed as described previously (Han et al., 2012) with 
modifications. Briefly, image stacks were acquired using a Leica TCS SP8 
confocal microscope equipped with a 40x/1.30 NA oil objective at high resolution 
(1024x1024 pixel, 0.28 mm per pixel, 0.24-0.26 mm z step size). The image 
stacks were then processed using LAS AF software (Leica Microsystems) to 
construct x-z sections. 
 
Supplemental Figure S3. Generation of Wnt5-EGFP constructs 
(A) A schematic of the P[acman]-CH322-141N12. The genomic fragment 
inserted into this P[acman] vector is indicated by the black box. 
(B) A strategy to generate the Wnt5-EGFP vector. Wnt5-EGFP-stop/Kmr 
cassette is introduced immediately downstream of the ATG start codon. 



(C, D) Late pupal brains from control (C) and Wnt5-EGFP transgenic (D) flies 
stained with GFP antibodies. Wnt5-EGFP is expressed dominantly in the optic 
lobes. The outline of the optic lobe is highlighted with the white line. Me, medulla; 
MeN, medulla neurons. Scale bars, 50 µm. 
(E) Wnt5-EGFP expression in abdominal epithelial cells. Representative images 
of Wnt5-EGFP expression in 2-day adults (left), and 5-day adults (right) are 
shown. Arrowheads indicate the ventral midline. Scale bars, 100 µm. 

 
Supplemental Figure S4. Ectopic expression of Wnt5 restricts C4da 
dendrite growth in larval epithelial cells 
(A, B) v'ada dendrites in hh-positive epidermal cells in control (A) and hh-Gal4 
UAS-Wnt5 (B) third instar larvae. v’ada dendrites are labeled with 
ppk-CD4tdTom (magenta) and hh-positive cells are labeled with GFP (green). 
(A’, B’) Dendrites in hh-positive regions.  
(C) Quantification of C4da dendrite length in control and Wnt5-expressing larvae. 
Error bars indicate standard error of the mean. n.s. > 0.05, *p < 0.05; unpaired 
Student's t test.  
(D) Expression of drl in the third instar larvae.  
(E) Wnt5-EGFP expression in third instar larvae. Arrowheads indicate the soma 
of v’ada neurons. Scale bars, 100 mm (A, E); 50 mm (D). 
 
Supplemental Figure S5. Dendritic fields of drl, Drl-2, and drl Drl-2 double 
mutant v’ada neurons. 
(A-D) Dendritic fields of wild-type (A), drl (B), Drl-2 (C), and drl Drl-2 (D) mutant 
v’ada neurons. Scale bars, 100 µm. 
(E-H) Quantification of the dendritic field area (E, p = 0.495), the field width (F, p 
= 0.155), the total dendritic length (G, p = 0.391), and the number of branch 
points (H, p = 0.197) of wild-type, drl, Drl-2, and drl Drl-2 double mutant neurons. 
Error bars indicate standard error of the mean. The numbers below each bar 
indicate n values. n.s. > 0.05; one-way ANOVA. 
(I, J) Quantification of the distance from ventral midline to the dendritic branch 
terminals (I) and the total dendritic length within single sternites (J) in v’ada 
neurons that express UAS-drl-shRNA, UAS-Drl2-shRNA, or both 



UAS-drl-shRNA and UAS-Drl2-shRNA. UAS-mCherry-shRNA was used as a 
control. One-way ANOVA followed by Dunnett’s test. *p < 0.05, **p < 0.01. All 
shRNA lines were obtained from the TRiP collection at Harvard Medical School: 
mCherry-shRNA (#35785), drl-shRNA (#29602), and Drl-2-shRNA (#25961). 
 
Supplemental Figure S6. Drl and Drl-2 receptors function cell 
autonomously in v’ada neurons to specify ventral boundary 
(A-D) Ventral views of of v’ada dendrites in wild-type control (A), drl Drl-2 double 
mutants (B), drl Drl-2 double mutants with UAS-drl transgene (C), and drl Drl-2 
double mutants with UAS-Drl2 transgene (D). Scale bars, 50 µm. 
 
Supplemental Figure S7. Localization pattern of Drl::GFP protein in v’ada 
dendrites 
(A, B) A live confocal image of a v'ada neuron labeled with mCD8RFP at 1-day 
adult (A) and a schematic trace of a primary dendrite (B). Scale bar, 50 mm. The 
primary dendrite was divided into ten parts along proximal-distal axis for 
quantification of Drl::GFP distribution.  
(C, D) A representative image of Drl::GFP localization in the medial part (C) and 
the distal (D) part of the primary dendrite. Scale bar, 10 mm.  
(E) Quantification of Drl::GFP intensity in primary dendrites. Error bars indicate 
standard error of the mean (n = 4). 
 
Supplemental Figure S8. Dendritic fields of trio mutant v’ada neurons 
(A, B) Quantification of the dendritic field size (A) and the field width (B) of v’ada 
neurons in wild-type control, trioE4.1, and trioE4.1 with UAS-trio transgene MARCM 
clones.  
(C, D) Quantification of the total dendritic length (C) and the number of branch 
points outside of sternites (D). Error bars indicate standard error of the mean. n.s. 
> 0.05, *p < 0.05; One-way ANOVA followed by Tukey’s HSD test. 

 
Supplemental Figure S9. Genetic interactions between trio and Wnt5/drl 
genes 
(A-F) Ventral boundary phenotypes in the indicated genotypes. Bottoms are 



tracings of the top images. Scale bars, 50 µm. 
(G, H) Quantification of the distance from ventral midline to branch terminals (G) 
and the total dendritic length within single sternites (H). Error bars indicate 
standard error of the mean. The numbers below each bar indicate n values. *p < 
0.05, **p < 0.01. 
 
Supplemental Figure S10. The effects of the dominant-negative Rho1 and 
Rac1 in the ventral boundary formation 
(A-C) Rho1-DN, but not Rac1-DN, affects the ventral boundaries of v’ada 
dendrites. For temporal expression of the dominant negative Rho1 (Rho1-N19) 
or Rac1 (Rac1-N17) in the pupal/adult stage, we utilized the Flip-out technique 
(see Experimental procedures). Bottoms are tracings of the top images. Scale 
bars, 50 µm. 
(D, E) Quantification of the distance from the ventral midline to branch terminals 
(D) and the total dendritic length within single sternites (E). Error bars indicate 
standard error of the mean. The numbers below each bar indicate n values. *p < 
0.05. In D, significance compared to control, control versus UAS-Rho1-N19, p = 
0.187; control versus UAS-Rac1-N17, p = 0.545, one-way ANOVA followed by 
Dunnett’s test. In E, control versus UAS-Rho1-DN, p = 0.030; control versus 
UAS-Rac1-N17, p = 0.998, one-way ANOVA followed by Dunnett’s test. 
(F, G) Quantification of the total dendritic length (F, p = 0.16) and the number of 
branch points outside of sternites (G, p = 0.11) in control and UAS-Rho1-N19 
neurons. Error bars indicate standard error of the mean. n.s. > 0.05; unpaired 
Student's t test. 
 
Supplemental Movie S1. Live images of adult C4da dendrites at the 
segmental boundaries. 
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Supplementary Table S1
Boundary phenotypes of secreted molecules and receptors tested.

Gene name Assay used for analysis of
boundary formation

Alleles or UAS lines
used

Defects in
boundary formationa Source

Wnt2 heteroallelic combination O / Df(2R)BSC408 - Kozopas et al., 1998
Wnt4 heteroallelic combination EMS23 / C1 - Cohen et al., 2002
Wnt5/Wnt3 homozygote D7 +++ Yoshikawa et al., 2003
Wnt6 RNAib BL30493 - TRiP line, VALIUM10
WntD/Wnt8 RNAib BL28947 - TRiP line, VALIUM10
Wnt10 RNAib BL31989 - TRiP line, VALIUM10
wg not tested

fz fz2c MARCM HS1, C1 - Jones et al., 1996
Chen and Struhl, 1999

fz3 RNAid BL44468 - TRiP, VALIUM22
fz4 homozygote 3-1 - McElwain et al., 2011
arr MARCM 2 - Wehrli et al., 2000
Ror homozygote 271e - This study
dnt homozygote 42.3 - Lahaye et al., 2012
drl homozygote R343 + Callahan et al., 1996
Drl2 homozygote E124 ++ Inaki et al., 2007
drl Drl2 homozygote R343, E124 +++ Callahan et al., 1996

Inaki et al., 2007
NetA NetB homozygote Df(1)T9B118 - Winberg et al., 1998

fra heteroallelic combination 3 / 4 - Kolodziej et al., 1996

fra RNAid BL40826 - TRiP line, VALIUM20

unc-5 MARCM 8 - Labrador et al., 2005

Robo MARCM GA285 + Kidd et al., 1998

Robo2 homozygote 1 - Schimmelpfeng et al., 2001

Robo3 homozygote 3 - Pappu et al., 2011

ephrin RNAid BL34614 + TRiP line, VALIUM20

Eph RNAid BL39066 - TRiP line, VALIUM20

plexA RNAid BL30483 - TRiP line, VALIUM10

plexB RNAid BL28911 - TRiP line, VALIUM10

babo MARCM 9 N.A.f Zheng et al., 2003

tkv MARCM 8 N.A.g Nellen et al., 1994

sax MARCM 4 - Twombly et al., 2009

put RNAid BL39025 - TRiP line, VALIUM20

wit RNAid BL41906 - TRiP line, VALIUM20

smo MARCM 3 + Chen and Struhl, 1998

ptc MARCM IIC - Nüsslein-Volhard et al., 1984

ptc RNAid BL55686 - TRiP line, VALIUM20

Egfr Dominant-negative formh BL5364 - Buff et al., 1998

btl RNAid BL43544 - TRiP line, VALIUM20

htl Dominant-negative formh BL5366 - Michelson et al., 1998

Ten-a homozygote Df(1)Ten-a - Hong et al., 2012

Ten-a RNAid BL29439 - TRiP line, VALIUM10

Ten-m RNAid BL29390 - TRiP line, VALIUM10

a+++, strong; ++, moderate; +, weak; -, none
bThe UAS-RNAi stocks were driven by tub-GAL4, ppk-CD4-tdTomato.
cWe generated MARCM clones of C4da neurons doubly mutant for fz and fz2.
dThe UAS-RNAi stocks were driven by ppk-GAL4, UAS-mCD8GFP, UAS-dcr2 .
eRor271 allele was generated by imprecise excision of the P-element {EP}G8235 inserted upstream of the transcription start site.
This allele removes 2.9 kb (genomic region 2L:10,251,809-10,254,702) including the whole Ror coding region and a part of the
CG5676 3' UTR.
fDendrites were misdirected ventrally in babo MARCM clones.
gTotal dendritic length and dendritic field area were severly reduced.
hAll UAS-dominant negative stocks were driven by ppk-GAL4, UAS-mCD8GFP.
At least 3 neurons for each genotype were analyzed.



Supplementary Table S2
Boundary phenotypes of non-canonical Wnt signaling components tested. Yasunaga_Table S2

Gene name Assay used for analysis of
boundary formation

Alleles or UAS lines
used

Defects in boundary
formation Source

PCP pathway
fz MARCM HS1 - Jones et al., 1996

dsh RNAia BL31306 - TRiP line, VALIUM1

dsh homozygote 1 - Perrimon and Mahowald, 1987

Vang RNAia BL34354 - TRiP line, VALIUM20

Vang homozygote stbm-6 - Wolff and Rubin, 1998

pk RNAia BL32413 - TRiP line, VALIUM20

pk homozygote sple + Gubb et al., 1999

pk homozygote pk - Gubb et al., 1999

pk MARCM pk-sple-13 - Gubb et al., 1999

fmi RNAia BL35050 - TRiP line, VALIUM20

dgo RNAia BL35040 - TRiP line, VALIUM20

Src pathway
Src42A RNAia BL44039 - TRiP line, VALIUM20

Src42A Dominant-negative formc KYOTO109998 N.A.b Shindo et al., 2008

Src64B homozygote KO - O'Reilly et al., 2006

Wnt-Ca2+ pathway
CamKI RNAia BL26726 - TRiP line, VALIUM10

CamKII RNAia BL29401 - TRiP line, VALIUM10

sl(PLCgamma) RNAia BL32385 - TRiP line, VALIUM20

PLC21C RNAia BL33719 - TRiP line, VALIUM20

norpA(PLCbeta) RNAia BL31197 - TRiP line, VALIUM1

bsk(JNK) RNAia BL32977 - TRiP line, VALIUM20

bsk(JNK) Dominant-negative formc BL6409 - Bloomington

aThe UAS-RNAi stocks were driven by ppk-GAL4, UAS-mCD8GFP, UAS-dcr2 .
bTotal dendritic length and dendritic field area were severly reduced.
cThe UAS-dominant-negative transgene was driven by ppk-GAL4, UAS-mCD8GFP.

+, weak; -, none

At least 3 neurons for each genotype were analyzed.



Supplementary Table S3 Yasunaga_Table S3
Boundary phenotypes of RhoGEFs and RhoGAPs tested.

Gene name Assay used for analysis of
boundary formation

Alleles or UAS lines
used

Defects in boundary
formation Source

RhoGAP
syd-1 RNAia BL32946 + TRiP line, VALIUM20

syd-1 heteroallelic combination CD / W46 - Holbrook et al., 2012

RhoGAP102A RNAia BL33425 - TRiP line, VALIUM20

RhoGAP15B RNAia BL42527 N.A.b TRiP line, VALIUM20

RhoGAP16F RNAia BL42541 - TRiP line, VALIUM20

RhoGAP19D RNAia BL32361 - TRiP line, VALIUM20

RhoGAP54D RNAia BL31144 - TRiP line, VALIUM1

RhoGAP5A RNAia BL31163 - TRiP line, VALIUM1

RhoGAP68F RNAia BL41990 + TRiP line, VALIUM20

RhoGAP68F homozygote EY05896 - Sanny et al., 2006

RhoGAP71E RNAia BL32417 - TRiP line, VALIUM20

drich RNAia BL33391 - TRiP line, VALIUM20

Vilse RNAia BL35027 - TRiP line, VALIUM20

RhoGAPp190 RNAia BL31070 - TRiP line, VALIUM1

tum RNAia BL35007 - TRiP line, VALIUM20

CdGAPr RNAia BL38279 - TRiP line, VALIUM20

Ocrl RNAia BL34722 - TRiP line, VALIUM20

RhoGAP18B RNAia BL31165 - TRiP line, VALIUM20

Graf RNAia BL31692 - TRiP line, VALIUM1

cv-c RNAia BL6443 - Billuart et al., 2001

RacGAP84C not tested

conu homozygote LL04815 - Neisch et al., 2013

Rlip homozygote c02656 - Bloomington

RhoGEF
Sos RNAia BL34833 - TRiP line, VALIUM20

RtGEF RNAia BL32947 - TRiP line, VALIUM20

CG10188 RNAia BL33047 - TRiP line, VALIUM20

CG42674 RNAia BL34943 - TRiP line, VALIUM20

Exn RNAia BL33373 - TRiP line, VALIUM20

GEFmeso RNAia BL42545 - TRiP line, VALIUM20

Trio RNAia BL43549 ++ TRiP line, VALIUM20

Trio MARCM E4.1 ++ Awasaki et al., 2000

Unc-89 RNAia BL34000 - TRiP line, VALIUM20

Vav RNAia BL39059 - TRiP line, VALIUM20

CG43658 RNAia BL32341 - TRiP line, VALIUM20

CG30456 RNAia BL34380 - TRiP line, VALIUM20

pbl RNAia BL28343 - TRiP line, VALIUM10

sif RNAia BL25789 - TRiP line, VALIUM10

Zir RNAia BL28005 - TRiP line, VALIUM10

Cdep RNAia BL31168 - TRiP line, VALIUM1

CG15611 RNAia BL31158 - TRiP line, VALIUM1

CG30440 RNAia BL31207 - TRiP line, VALIUM1

CG33275 RNAia BL31221 - TRiP line, VALIUM1

CG7397 RNAia 7397R-1 - NIG-FLY

CG7397 RNAia 7397R-2 + NIG-FLY

RhoGAP1A RNAia BL33390 - TRiP line, VALIUM20

RhoGEF2 RNAia BL34643 + TRiP line, VALIUM20

RhoGEF2 MARCM 4.1 - Barrett et al., 1997

RhoGEF3 RNAia BL42526 - TRiP line, VALIUM20

RhoGEF4 RNAia BL42550 + TRiP line, VALIUM20

RhoGEF4 RNAia BL31178 - TRiP line, VALIUM1

RhoGEF4 RNAia 8606R-1 - NIG-FLY

RhoGEF4 RNAia 8606R-2 - NIG-FLY

RhoGEF64C RNAia BL31130 - TRiP line, VALIUM1

aThe UAS-RNAi stocks were driven by ppk-GAL4, UAS-mCD8GFP, UAS-dcr2 .
bv'C4da neurons did not survive to the adult stage.

++, moderate; +, weak; -, none

At least 3 neurons for each genotype were analyzed.


