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Figure S1. Signaling activity of the HA-tagged Gbb constructs.
(A to C) The biological activity of Gbb, Gbb-1xHA (A), Gbb-3xHA (B) and Gbb-GFP (C) were
compared using the cell-based BMP signaling assay. Gbb-1xHA showed a slightly reduced
signaling activity compared to Gbb, whereas Gbb-3xHA and Gbb-GFP had no BMP signaling
activity.

Figure S2. Gbb38 and Gbb15 bind to the Sax type I receptor.
Western blots of Gbb products that coimmunoprecipitate with Sax-Flag (top panel) and the
receptor input fraction (bottom panel). Gbb products in coimmunoprecipitates were identified by
anti-HA. Sax-Flag input identified by anti-Flag.

Figure S3. Signaling activity of the hBMP4 and hBMP4 cleavage mutants.
(A) Schematic illustration of hBMP4 pre-proprotein denoting the position of each furin cleavage
sequence: NS, S2, and S1. Mutations to disrupt each cleavage site are shown above.
hBMP4R162Q is associated with CLP. (B) The signaling activity of each CM and hBMP4R162Q
were measured in HEK293 cells with the BRE-luciferase assay. Basal BMP signaling was set at
1. Four independent experiments were performed for each with error bars indicating SD. *, Pvalue<0.01. ns, not significantly different from hBMP4.
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Figure S4. Failure to cleave Gbb at the NS results in wing defects.
Transgenic lines were generated with the insertion of a wild type gbb genomic rescue construct
(gbbR-gbb) or a gbb rescue construct expressing one single cleavage mutants (gbbR-gbbmS1,
gbbR-gbbmS2, and gbbR-gbbmNS) in the same chromosomal position at 53B using the C31
system. Lines for each construct were isolated and recombined onto a gbb1 null chromosome.
(A) gbbR-gbb bw gbb1 homozygotes show complete rescue with a wild type wing pattern
(N=447). (B to D) Wing defects consisting of ectopic vein material near the posterior cross vein
(PCV, PCV spurs) were noted in homozygous survivors of both gbbR-gbbmS1 bw gbb1 (N=54)
and gbbR-gbbmNS bw gbb1 (N=35) (arrow; B, C, and D). gbbR-gbbmNS bw gbb1 homozygotes
exhibit a wavy longitudinal vein 2 with ectopic vein material along the vein (asterisks; C and D).

Figure S5. The gbb double cleavage mutant exhibits dominant-negative behavior when
expressed in dpp-expressing cells of the wing imaginal disc.
The distribution of pMad (red; white (right panels in D and E) was examined in wing discs
expressing the gbb double cleavage mutant (UAS-gbbmNSmS1). UAS-GFP was included in all
crosses to mark the domain of expression. (A) dppGal4>UAS-GFP. (B) dppGal4>UASgbbmNSmS1 UAS-GFP. (C) Profiles of pMad fluorescence were plotted as an average of 4 wing
discs from each genotype with standard errors (vertical lines). Each image used to obtain a pMad
tracing is the sum of six 1µm confocal slices at equivalent positions along the Z axis.
dppGal4>UAS-GFP (black); dppGal4>UAS-gbbmNSmS1 UAS-GFP (red). (D and E) FLP-OUT
clones of UAS-gbbmNSmS1 were induced under the control of actin-Gal4. Right panels show pMad
distribution in white. Magnification of the right panel in (E) is increased by 80%. Clone outline
marked by dotted white line. Arrow denotes cells of clone with decreased pMad. Discs were
imaged at same magnification. A&B and D&E were imaged at same confocal settings.

Figure S6. Wild-type gbb (Gbb38 and Gbb15) and gbbmS1 (Gbb38) exhibit nonautonomous
signaling.
(A to F) pMad distribution (red) associated with FLPout clones expressing gbb (Gbb15 and
Gbb38), gbbmS1 (Gbb38) or gbbmNS (Gbb15) (green) (left panels). Boxed regions increased in
magnification 2-fold, highlight clones (outlined in dotted line) and pMad signal (white) (right
panels). Arrows mark presence of ectopic pMad outside the clone. (A) and (B), AyGal4>UASgbb. (C) and (D), AyGal4>UAS-gbbmS1. (E) and (F), AyGal4>UAS-gbbmNS.

Table S1. Macrochaetae and leg defects associated with misexpression of gbb and gbb
cleavage mutants in dpp-expressing cells.
dppGal4>UAS-gbb and dppGal4>UAS-gbbCM adults were scored for the presence of notal
macrochaetae defects. SA=supralar, DC=dorsocentral, and SC=scutellar macrochaetae.
dppGal4>UAS-gbb and dppGal4>UAS-gbbmNSmS1 pharates were removed from their pupal cases
and scored for abnormal macrochaetae. A high percentage of pharates were also found to exhibit
short, bent, and/or misshapen pro-, meso- and metathoracic legs.

Genes

Primer sequences

gbb sense with attB1

5’-GGGGACAAGTTTGTACAAAAAAGCAGGCTAGATACACACAACAATCCGTAAGTGCG-3’

gbb anti-sense with attB2

5'-GGGGACCACTTTGTACAAGAAAGCTGGGTTCAATGGCACCCGCAGGATTTCACAA-3'

gbb[mNS] sense

5'-GGCCATGGGTCCAGGGGGAGCGCC-3’

gbb[mNS] anti-sense

5'-GGCGCTCCCCCTGGACCCATGGCC-3'

gbb[mS2] sense

5'-GTCAACGGACCCGACGGCGAGGTG-3'

gbb[mS2] anti-sense

5'-CACCTCGCCGTCGGGTCCGTTGAC-3'

gbb[mS1] sense

5'-CACCACGGGAGCAAGGGAAGCGCC-3'

gbb[mS1] anti-sense

5'-GGCGCTTCCCTTGCTCCCGTGGTG-3'

gbb sense with EcoRI

5'-GGCGGCgaattcAAGATACACACAACAATCCGTAAGTGC-3'

gbb anti-sense with XbaI

5'-GGCGGCtctagaTCAATGGCACCCGCAGGATTTC-3'

hBMP4 sense

5’-GGGGACAAGTTTGTACAAAAAAGCAGGCTaagcttAAGCTTGCCGCCACCATGATTCCTGGTAACCG
AATGCTGATG-3'

hBMP4 anti-sense

5'-GGGGACCACTTTGTACAAGAAAGCTGGGTctcgagTCAGCGGCACCCACATCCCTCTACTAC-3'

hBMP4[mNS] sense

5'-CGAGGTGATCTCCTCTGCAGAGCTTGGGCTCTTCGGGGAGCAGGTGGACCAGGGCCCTG-3'

hBMP4[mNS] anti-sense

5'-CAGGGCCCTGGTCCACCTGCTCCCCGAAGAGCCCAAGCTCTGCAGAGGAGATCACCTCG-3'

hBMP4[R162Q] sense

5'-CGAGGTGATCTCCTCTGCAGAGCTTCGGCTCTTCCAGGAGCAGGTGGACCAGGGCCCTG-3'

hBMP4[R162Q] antisense

5'-CAGGGCCCTGGTCCACCTGCTCCTGGAAGAGCCGAAGCTCTGCAGAGGAGATCACCTCG-3'

hBMP4[mS2] sense

5'-GGCCAGCATGTCGGGATTAGCGGATCGTTACCTC-3'

hBMP4[mS2] anti-sense

5'-GAGGTAACGATCCGCTAATCCCGACATGCTGGCC-3'

hBMP4[mS1] sense

5'-GCCTTGACCCGACGCCGGGGGGCCAAGGGTAGCCCTAAGC-3'

hBMP4[mS1] anti-sense

5'-GCTTAGGGCTACCCTTGGCCCCCCGGCGTCGGGTCAAGGC-3'

Table S2. Primers used in this study.
attB1 and attB2 DNA sequences are underlined. Bold characters indicate point mutations and
lowercase characters highlight restriction sites.

