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Supplementary Figures 
  



Fig. S1. Drosophila VNC condensation consists of two distinct temporal stages and 
initial anisotropic changes in tissue morphology are independent of VNC cellular 
activity, related to Figure 1. (A) (top panel) Kymograph of the average speed of VNC 
condensation from head to tail of the tissue from PIV analysis as shown in Figure 1A. Note 
the asymmetric increase in speed in the tail of the tissue during the first 3 hours of 
condensation. (bottom panel) Timecourse of the average speed of VNC condensation as 
measured above highlighting a transition from fast to slow phases around 3 hours. n = 3 
embryos. (B) (top panel) Kymograph of the average x-component of the velocity along the 
length of the tissue from head to tail during VNC condensation. Note the predominant negative 
velocity in the first 3 hours of condensation, which highlights specific motion of the tail of the 
tissue towards the head. (bottom panel) Timecourse of the average velocity of the x-
component as measured above highlighting that during the first 3 hours condensation is 
predominantly anisotropic from tail to head (i.e., the x-component is negative). After 3 hours 
the average x-component approaches zero suggesting that this longer phase of condensation 
is symmetric (i.e., equivalent from the head and tail of the tissue). n = 3 embryos. (C,D) 
Quantification of VNC condensation by tracking the tail of the tissue as in Figure 1D,E after 
expressing dominant negative (DN) Rac (C), or DN and RNAi Myosin-II (D) in glia reveals that 
the rate is only affected during the 2nd phase of condensation. Control data is the same in both 
panels (n = 4 embryos for control, n = 3 embryos for Glia>Rac DN and Glia>Myosin-II DN). 
(E) Live imaging of VNC morphogenesis as in Figure 1A while expressing Rac DN in glia 
reveals the presence of an anisotropic 1st phase of condensation. Scale bar = 30 µm. (F) 
Kymograph of the average speed of VNC condensation from head to tail of the tissue from 
PIV analysis in panel (E). Note the asymmetric increase in speed in the tail of the tissue during 
the first 3 hours of condensation despite the expression of Rac DN. (G,H) Quantification of 
VNC condensation by tracking the tail of the tissue as in Figure 1D,E after expressing 
dominant negative (DN) Rac (G) or DN Myosin-II (H) in neurons reveals little if any effect on 
VNC condensation (n = 3 embryos for each sample). (I) Glial cell motion in the head (magenta) 
vs tail (white) of the tissue tracked during the 1st and 2nd phases of condensation. Scale bar = 
30 µm. (J,K) Quantification of the direction of tracks in panel (I) reveals that the cells 
predominantly move in a tail to head direction (towards 180°) during the first phase (J). In 
contrast, during the isotropic 2nd phase of condensation the cell tracks are predominantly 
moving symmetrically towards the centre of the VNC (K). n = 3 embryos. (L) Quantification of 
average cell speed during the 1st and 2nd phases of condensation reveals that the motion of 
cells is fastest within the tail of the tissue during the 1st phase of condensation, while showing 
no local difference in speed during the 2nd phase. Two-way ANOVA and Tukey’s multiple 
comparisons test. n = 5 embryos. Each dot represents one embryo. Boxplots show medians, 
25th and 75th percentiles as box limits, 10th and 90th percentiles as whiskers. ****p<0.0001, 
ns p = 0.1196. 

 

 
  



 

 

 

 

 



Fig. S2. Col4 accumulates along the surface of the VNC and forms a transient gradient 
during the 1st phase of condensation, and local disruption of the Col4 network around 
the VNC phenocopies defects observed in Col4 mutants, related to Figures 1 and 2. (A) 
Live imaging of Col4 accumulation on the surface of the VNC during the 1st phase (stage 15) 
and 2nd phases (stage 17) of condensation. Right panels are high magnification views of the 
regions highlighted by the yellow squares. Scale bars = 30 µm (left panels) or 5 µm (right 
panels). (B) Quantification of Col4 intensity from head to tail of the VNC reveals a transient 
gradient during the 1st phase of condensation. n = 3 embryos for each stage. (C) Live imaging 
of Col4 and glia in control embryos and embryos driving MMP2 specifically in glia. Note the 
local disruption of Col4 accumulation surrounding the VNC (white outline). Scale bar = 30 µm. 
(D) Quantification of VNC condensation by tracking the tail of the tissue as in Figure 1D,E in 
col4 mutants or after expressing MMP2 in glia reveals similar effects on the rate of 
condensation. Control and col4 mutant data reused from Figure 2B (n = 4 embryos for control, 
n = 3 embryos for Glia>MMP2 and ΔCol4). 

 
 
  



 

  



Fig. S3. Inhibiting hemocyte migration severely affects VNC condensation, related to 
Figure 2. (A) Live imaging of VNC morphogenesis (left panels) and PIV (right panels) during 
the 1st phase of condensation as in Figure 1A in control, deletion of hemocytes, and expression 
of Rac DN specifically in hemocytes, which leads to their accumulation in the head of the 
embryo. Scale bar = 30 µm. (B) Kymograph of the average speed of VNC condensation from 
PIV analysis in (A) highlighting the absence of an anisotropic phase of condensation when 
perturbing hemocytes. (C) Quantification of VNC condensation by tracking the tail of the tissue 
as in Figure 1D,E in the genotypes highlighted in panel (A) reveals that loss of hemocytes or 
inhibiting their migration leads to severe defects in the rate of VNC condensation. n = 3 
embryos for each sample. (D) Time-lapse series of VNC condensation (green lines) in controls 
and embryos expressing Rac DN specifically in hemocytes. Note that VNC condensation is 
completely inhibited as the VNC is severely deformed and appears to sever in the center of 
the embryo (arrowheads). Scale bar = 30 µm. 
 
  



 
 



Fig. S4. Coherent flow of Col4 along the surface of the VNC is towards the head of the 
tissue, and driving a G552D temperature sensitive Col4 point mutant transgene 
specifically in hemocytes severely inhibits VNC condensation, related to Figures 3 and 
4. (A) (Left panels) Col4 was live imaged during the 1st phase of VNC condensation 
simultaneously in the head and tail regions of the tissue. (Right panels) Tracking of Col4 
motion by PIV in head vs. tail regions of the VNC. Scale bar = 10 µm (B) Quantification of the 
average Col4 speed for each frame reveals increased motion in the tail of the VNC when 
compared with the head. Mann-Whitney test. n = 127 frames for each sample. Each dot 
represents one frame. Boxplots show medians, 25th and 75th percentiles. ****p<0.0001. 
(C) Correlation of the global alignment and orientation of PIV vectors for each frame reveals 
that the motion of the Col4 network is more coherent in the tail of the tissue and oriented 
towards the head (cosθ of 1 represents a tail-to-head orientation). Mann-Whitney test. n = 127 
frames for each sample. Each dot represents one frame. Boxplots show medians, 25th and 
75th percentiles. ****p<0.0001. (D) Kymographs of the average speed and the average x-
component of the velocity of glial and Col4 motion during condensation (as in Figure S1A,B) 
from PIV analysis of lattice light-sheet imaging. Black line and white dotted line highlight the 
approximate start of condensation and end of the first phase, respectively. Note that the rapid 
wave of Col4 motion from tail to head slightly precedes movement of glia. (E) (top panel) 
Equidistant dorsoventral stripes were bleached across the Col4 network, which allowed for 
direct tracking of BM movement over time from the start of VNC condensation. (bottom panel) 
Linescan analysis through bleached regions (white shaded stripe) allowed for identification of 
the bleached fiducial marks over time (green and magenta lines highlight the trough of the 
bleached stripe at the start of the imaging and after 30 min, respectively). Note that there is 
progressively greater motion towards the tail of the tissue. Scale bar = 30 µm (F) (left panels) 
Cross sections of control and Col4 mutant (ΔCol4) VNCs at stage 15 (Stg15) and stage 17 
(Stg 17) of development, which represent the 1st and 2nd condensation phases, respectively. 
(right panels) Green and magenta lines highlighting the shape of the VNC in control and Col4 
mutant embryos at Stg 15 and Stg 17, respectively. Scale bar = 10 µm (G) Quantification of 
the eccentricity in VNC cross sections in control and Col4 mutants as analysed in (F). Note 
the decrease in eccentricity in Col4 mutants by stage 17 revealing a more circular shape. One 
sample t-test against the mean of Control (Stg 15). n = 3 cross-sections for each sample and 
stage. Each dot represents one cross-section. Boxplots show medians, 25th and 75th 
percentiles. **p=0.0093. 
 

 



Supplementary Table 
Table S1. Genotypes of the embryos used for each experiment. Related to STAR 
Methods. 

 
  

Figure 1 
A w; Mhc1; Repo-Gal4, UAS-LifeActGFP, UAS-RedStinger /+ 

B-C w; Mhc1; Repo-Gal4, UAS-LifeActGFP /+ 
D-E w; Col4α2-GFP; Repo-Gal4, UAS-LifeAct-mScarlet /+ 

Figure 2 

A 
“Control”: w;; Repo-Gal4, UAS-LifeActGFP /+ 
“ΔCol4”: w; Df(2L)BSC172; Repo-Gal4, UAS-LifeActGFP /+ 

B-D 

“Control”: w;; Repo-Gal4, UAS-LifeActGFP /+ 
“ΔPerlecan”: w; trolnull; Repo-Gal4, UAS-LifeActGFP /+ 
“ΔCol4”: w; Df(2L)BSC172; Repo-Gal4, UAS-LifeActGFP /+ 
“ΔLaminin”: w; Df(2L)LanB1; Repo-Gal4, UAS-LifeActGFP /+ 

Figure 3 B-E w; Mhc1, Col4α2-GFP; Repo-Gal4, UAS-LifeAct-mScarlet /+ 

Figure 4 

B 
“Control”: w; PS7-Gal4 /+; faxGFP /+ 
“PS7>RacDN”: w; PS7-Gal4 /+; faxGFP / UAS-RacN17 
“PS7>MMP2”: w; PS7-Gal4 / UAS-MMP2; faxGFP /+ 

C 
“Control”: w;; Sn-Gal4, UAS-Col4α2-GFP 
“G552D”: w; Col4α1G552D; Sn-Gal4, UAS-Col4α2-GFP 

D “G552D”: w; Col4α1G552D; Sn-Gal4, UAS-Col4α2-GFP 

E 
“Control”: w;; repo-Gal4, UAS-LifeActGFP /+ 
“G552D”: w; Col4α1G552D; Repo-Gal4, UAS-LifeActGFP /+ 

F 

“Hemocytes>wt Col4α1”: 
w; Mhc1, Col4α2-GFP; Sn-Gal4, UAS- Col4α1wt-mScarlet 
“Hemocytes>G552D Col4α1”: 
w; Mhc1, Col4α2-GFP; Sn-Gal4, UAS- Col4α1G552D-mScarlet 

G 

“Hemocytes>wt Col4α1”: 
w; elav-mYFP; Sn-Gal4, UAS-Col4α1wt-mScarlet 
“Hemocytes>G552D Col4α1”: 
w; elav-mYFP; Sn-Gal4,UAS-Col4α1G552D-mScarlet 
“Hemocytes>RacDN”: 
w; elav-mYFP; Sn-Gal4,UAS-Col4α1wt-mScarlet / UAS-RacN17 
“Hemocytes>RacDN; G552D Col4α1”: 
w; elav-mYFP; Sn-Gal4, UAS- Col4α1G552D-mScarlet / UAS-RacN17 

J 

“Hemocyte>wt Col4α1”: 
w; Mhc1, Col4α2-GFP; Sn-Gal4,UAS- Col4α1wt-mScarlet 
“Hemocyte>Δ7S Col4α1”: 
w; Mhc1, Col4α2-GFP; Sn-Gal4, UAS- Col4α1Δ7S-mScarlet 

K 

“Hemocyte>wt Col4α1”: 
w; elav-mYFP; Sn-Gal4, UAS-Col4α1wt-mScarlet 
“Hemocyte>Δ7S Col4α1”: 
w; elav-mYFP; Sn-Gal4,UAS-Col4α1Δ7S-mScarlet 



 
  

Supplementary 
Figure 1 

A-B w; Mhc1; Repo-Gal4, UAS-LifeActGFP, UAS-RedStinger /+ 

C 
“Control”: w;; Repo-Gal4, UAS-LifeActGFP /+ 
“Glia>RacDN”: w;; Repo-Gal4, UAS-LifeActGFP / UAS-RacN17 

D 

“Control”: 
w;; Repo-Gal4, UAS-LifeActGFP /+ 
“Glia>Myosin II DN”: 
w; UAS-Zipper DN-GFP /+; Repo-Gal4, UAS-LifeActGFP /+ 
“Glia>Myosin II RNAi”: 
w; UAS-Zipper RNAi /+; Repo-Gal4,UAS-LifeActGFP /+ 

E-F w;; Repo-Gal4, UAS-LifeActGFP, UAS-RedStinger / UAS-RacN17 

G 

“Control”: 
Elav-Gal4 /+;;Repo-mCD8::Cherry /+ 
“Neuron>RacDN”: 
Elav-Gal4 /+;;Repo-mCD8::Cherry / UAS-RacN17 

H 

“Control”: 
Elav-Gal4 /+;;Repo-mCD8::Cherry /+ 
“Neuron>Myosin II DN”: 
Elav-Gal4 /+; UAS-Myosin II DN /+; Repo-mCD8::Cherry /+ 

I-L Mhc1; w;; Repo-Gal4, UAS-LifeActGFP, UAS-RedStinger /+ 

Supplementary 
Figure 2 

A-B w; Mhc1, Col4α2-GFP 

C 
“Control”: w; Col4α2-GFP; Repo-Gal4, UAS-LifeAct-mScarlet /+ 
“Glia>MMP2”: w; Col4α2-GFP, UAS-MMP2 / Col4α2-GFP; 
Repo-Gal4, UAS-LifeAct-mScarlet /+ 

D 

“Control”: 
w; Repo-Gal4, UAS-LifeAct-mScarlet /+ 
“Glia>MMP2”: 
w; UAS-MMP2 /+; Repo-Gal4, UAS-LifeAct-mScarlet /+ 
“ΔCol4”: 
w; Df(2L)BSC172; Repo-Gal4, UAS-LifeActGFP /+ 

Supplementary 
Figure 3 A-D 

“Control”: 
w; elav-mYFP; Sn-Gal4, UAS- Col4α1wt-mScarlet 
“ΔHemocytes”: 
w; SrpAS; elav-mYFP 
“Hemocytes>RacDN”: 
w; elav-mYFP; Sn-Gal4, UAS-Col4α1wt-mScarlet/ UAS-RacN17 

Supplementary 
Figure 4 

A-E w; Mhc1, Col4α2-GFP; Repo-Gal4, UAS-LifeAct-mScarlet /+ 

F-G 

“Control”: 
w; Mhc1, Col4α2-GFP; Repo-Gal4, UAS-LifeAct-mScarlet /+ 
“ΔCol4”: 
w; Df(2L)BSC172 / Cg25Ck13420; Repo-Gal4, UAS-LifeActGFP /+ 



 

 

Movie 1 

Part 
1-2 w; Col4α2-GFP; Repo-Gal4, UAS-LifeAct-mScarlet /+ 

Part 
3-4 w; Mhc1; Repo-Gal4, UAS-LifeActGFP, UAS-RedStinger /+ 

Part 
5-6 w; Col4α2-GFP; Repo-Gal4, UAS-LifeAct-mScarlet /+ 

Part 7 w; elav-mYFP; Sn-Gal4, UAS-RedStinger 

Movie 2 

Part 1 

“ΔLaminin”: 
w; Df(2L)LanB1; Repo-Gal4, UAS-LifeActGFP /+ 
“ΔPerlecan”: 
w; trolnull; Repo-Gal4, UAS-LifeActGFP /+ 
“ΔCol4”: 
w; Df(2L)BSC172 / Cg25Ck13420; Repo-Gal4, UAS-LifeActGFP /+ 

Part 2 

“Control”: 
w; elav-mYFP; Sn-Gal4, UAS- Col4α1wt-mScarlet 
“ΔHemocytes”: 
w; SrpAS; elav-mYFP 
“Hemocytes>RacDN”: 
w; elav-mYFP; Sn-Gal4, UAS-Col4α1wt-mScarlet / UAS-RacN17 

Part 3 

“Control”: w; elav-mYFP; Sn-Gal4, UAS-Col4α1wt-mScarlet 
“Hemocytes>RacDN”: 
w; elav-mYFP; Sn-Gal4, UAS-Col4α1wt-mScarlet / UAS-RacN17 
“Hemocytes>RacDN”: 
w; elav-mYFP; Sn-Gal4, UAS-Col4α1G552D-mScarlet/ UAS-RacN17 

Movie 3 Part 
1-3 w; Mhc1, Col4α2-GFP; Repo-Gal4, UAS-LifeAct-mScarlet /+ 



Supplementary Methods 
Methods S1. Supplementary methods for FE modelling. Related to STAR Methods. 
  
 
 
 
 
 

 
 

















 

 
 

 

 


