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Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size

Data exclusions

Replication

Sample sizes were not statistically predetermined but were chosen based on previous experience, standards in the fields and previously
published literature.

No data were excluded.

All images shown in the figures are representative examples of the respective phenotypes and expression patterns. The following section
indicates how often experiments have been repeated independently with similar results. Fig. 1a,b, representative micrographs from n=48, and
n=32 biologically independent embryos per indicated condition. Fig. 1c,d, images are representative for n=24 embryos per condition
examined over 3 independent experiments. Fig. 1h-k, n=112,86,126,93 aISVs per genotype derived from 4 autonomous experiments. Fig. 1l,
mean±s.e.m, unpaired two-sided students t-test, n=18,16,16,10 aISVs per genotype. ***p<0.001. Fig. 1m, n=56 aISVs examined over 3
independent experiments. Fig. 1n, mean±s.e.m, unpaired two-sided students t-test, n=20,25 aISVs for indicated scenario, ***p<0.001. Fig.
1o,p, plasma extravasation in WT (n=14) and plgfmusc (n=16 embryos) injected from 3 biologically independent experiments. Fig. 1q, mean
±s.e.m; unpaired two-sided students t-test, n=6,8 embryos per indicated group. ns, not significantly different.

Fig. 2d, mean±s.e.m, unpaired two-sided students t-test, n=7,13 and 24 aISVs for indicated scenario. **p=0.0051, ***p<0.001. Fig. 2e-g,
representative image of indicated scenario (n=40, 19, 13 respectively). Fig. 2h, mean±s.e.m, unpaired two-sided students t-test, n=40,19 and
13 aISVs for indicated scenario, from 3 independent experiments. ns, not significant. **p<0.01.

Fig. 3a-d, representative micrographs from 3 biologically independent experiments. Fig. 3e, mean±s.e.m, one-way ANOVA & posthoc
bonferroni test, n=18,20,20,15,20,20 aISVs for indicated scenarios. **p=0.0026, ***p<0.001. Fig. 3f, mean±s.e.m, one-way ANOVA & posthoc
bonferroni test, n=15,22,14,28 aISVs for indicated scenarios. ***p<0.001. Fig. 3k, n=21,16,42,34 aISVs per indicated genotype, mean±s.e.m,
unpaired two-sided students t-test. ns, not significant, ***p$0.001. Fig. 3l,m, representative micrographs from 83 and 94 images, from 3
biologically independent experiments. Fig. 3n, mean±s.e.m, unpaired two-sided students t-test, n=16 aISVs/group. ***p<0.001. Fig. 3 o-q,
representative micrographs from n=48,55,57 images per condition, from 3 biologically independent experiments. Fig. 3r, mean±s.e.m,
unpaired two-sided students t-test, n=11,20 and 15 aISVs per treatment group. ***p<0.001. Fig. 3v, mean±s.e.m, unpaired two-sided
students t-test, n=20 aISVs per group. ***p<0.001.

Fig. 4a,b, n=6 biologically independent animals per group. Fig. 4c, mean±s.e.m, unpaired two-sided students t-test, n=10,11 aISVs for
indicated genotype. *p=0.0190, ***p<0.001. Fig. 4d, illustrations are representative for each 4 examined biologically independent animals.
Fig. 4e, mean±s.e.m, unpaired two-sided students t-test, n=6 ECs for each genotype. Surface area expansion velocity is indicated as average
slope (in #m2 h-1) calculated from regression analysis. Fig. 4f, mean±s.e.m, one-way ANOVA & posthoc bonferroni test, n=25,38,30,60,59
aISVs for indicated condition. ***p<0.001. Fig. 4g-i, n=67,59,60 aISVs examined over 3 autonomous experiments. Fig. 4j-l, n=53,48,62
micrographs from 3 independent experiments. Fig. 4m, mean±s.e.m, one-way ANOVA & posthoc bonferroni test, n=17,21,18,15,17 and 16
aISVs/group. ***p<0.001. Fig. 4n-p, n=58,58,59 aISVs examined over 3 independent experiments. Fig. 4q-s, n=66,58,59 aISV micrographs/
condition from 3 independent experiments. Fig. 4t, mean±s.e.m, one-way ANOVA & posthoc bonferroni test, n=18,14,14,16,18 and 18 aISVs/
group. ns, not significant, **p<0.01, ***p<0.001.

Fig. 5a-f, images are representative for n=120 ECs/group derived from 3 biologically independent experiments. Fig. 5g, mean±s.e.m, unpaired
two-sided students t-test, n=59,69,63 cells per indicated group respectively. ***p<0.001. Fig. 5h-k, images are representative for n=130 ECs
per indicated group derived from 3 biologically independent experiments. Fig. 5l, mean±s.e.m, two-sided Mann Whitney U-test,
n=67,56,65,74 cells per indicated group respectively. *p=0.0477; ***p<0.001. Fig. 5m, mean ± s.e.m, unpaired two-sided students t-test,
n=89,83 cells per indicated group respectively, derived from 3 independent experiments. ***p<0.001. Fig. 5o, mean ± s.e.m, unpaired two-
sided students t-test, n=73,97 cells per indicated group, examined over 3 independent experiments. ***p<0.001. Fig. 5p, mean ± s.e.m,
unpaired two-sided students t-test, n=101,146 cells per indicated group examined over 3 independent experiments. ***p<0.001. Fig. 5q-s,
images are representative for n=120 ECs per group derived from 3 biologically independent experiments. Fig. 5t-v, images are representative
for n=120 ECs per group derived from 3 biologically independent experiments. Fig. 5w, cell size was measured of n=78,82,103 and 80 cells for
indicated scenario respectively, derived from 3 separate experiments. Mean ± s.e.m, unpaired two-sided students t-test. ns, not significant,
***p<0.001.

Fig. 6a, images are representative for n=100 cells per group of 3 independent experiments. Fig. 6b, images are representative for n=115 cells
per group of 3 independent experiments. Fig. 6c,d, mean±s.e.m, two-sided Mann Whitney U-test, n=69,59,65,69 cells per indicated group (c).
mean±s.e.m, two-sided Mann Whitney U-test, n=69,59,65 and 69 cells per group (d). ***p<0.001. Fig. 6e, images are representative for n=60
cells per condition derived from 3 independent experiments. Fig. 6f, (left panel) mean±s.e.m, unpaired two-sided students t-test, n=50,110
cells per group. (right panel) mean±s.e.m, unpaired two-sided students t-test, n=50,110 cells per group. ***p<0.001. Fig. 6g, images are
representative for n=90 cells derived from 3 separate experiments. Fig. 6h, images are representative for n=90 cells derived from 3
independent experiments. Fig. 6i, images are representative for n=120 cells derived from 3 individual experiments. Fig. 6j, images are
representative for n=120 cells derived from 3 separate experiments. Fig. 6k, images are representative for n=120 cells derived from 3
independent experiments. Fig. 6l, images are representative for n=120 cells derived from 3 separate experiments. Fig. 6m,n, images show
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Randomization

Blinding

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems

n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Human research participants

Clinical data

Dual use research of concern

Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used

representative phenotypes of n=160 cells out of 4 autonomous experiments. Fig. 6o, image is a representative scheme derived from n=160
cells out of 4 autonomous experiments. Fig. 6p, images are representative for all indicated numbers of ECs analyzed in 6q-s, examined over 3
independent experiments. Fig. 6q-s, mean±s.e.m, unpaired two-sided students t-test, n=11,7,17,13,11 and 25 cells per indicated group. ns,
not significant ***p<0.001.

Fig. 7a, experiment was carried out in triplicate, three independent times from each other resulting in n=9 measurement points per condition.
Mean±s.e.m, unpaired two-sided students t-test, ***p<0.001. Fig. 7b, experiment was carried out in duplicate, three independent times from
each other resulting in n=6 measurement points per condition. Mean±s.e.m, unpaired two-sided students t-test, **p=0.0063, ***p<0.001.
Fig. 7c, experiment was carried out in duplicate, three independent times from each other, n=6 measurement points per condition. Mean
±s.e.m, unpaired two-sided students t-test. ns, not significant. Fig. 7d-f, images are representative for n=120 cells/condition derived from 4
independent experiments. Fig. 7g-i, images are representative for n=120 cells per condition examined over 4 independent experiments. Fig.
7j-l, images are representative for n=120 cells per condition derived from 4 independent experiments. Fig. 7m, mean±s.e.m, two-sided Mann
Whitney U-test, n=69,26 and 22 cells per group derived from 4 autonomous experiments. ***p<0.001. Fig. 7n, determined were the cell-sizes
of n=52 cells per condition in two separate experiments. Mean±s.e.m, unpaired two-sided students t-test. ns, not significant, ***p<0.001. Fig.
7o,p, images are representative for n=100 cells per condition derived from 3 independent experiments. Fig. 7q,r, images are representative
for n=100 cells per condition derived from 3 independent experiments. Fig. 7s, mean±s.e.m, unpaired two-sided students t-test, n=7,9 cells
per indicated group. ***p<0.001. Fig. 7t, images are representative for n=130 cells examined over 3 autonomous experiments. Fig. 7u, images
are representative for n=130 cells examined over 3 autonomous experiments. Fig. 7v, images are representative for n=130 cells examined
over 3 independent experiments. Fig. 7w, images are representative for n=130 cells examined over 3 independent experiments.

Fig. 8a,b, images are representative for n=80 aISVs per genotype examined over 4 separate experiments. Fig. 8c,d, images are representative
for n=76,75 aISVs per genotype examined over 3 independent experiments. Fig. 8e, mean±s.e.m, two-sided Mann Whitney U-test, n=35 aISVs
per genotype, ***p<0.001. Fig. 8f, mean±s.e.m, two-sided Mann Whitney U-test, n=34,48 aISVs per indicated genotype, ***p<0.001. Fig. 8g,
mean±s.e.m, two-sided Mann Whitney U-test, n=51,70 aISVs/genotype. ns, not significant. Fig. 8h-k, images are representative for
n=96,83,72,79 examined aISVs per genotype derived from 3 independent experiments. Fig. 8l-n, images are representative for n=116,103,112
examined aISVs per genotype. Fig. 8o, (left panel) mean±s.e.m, unpaired two-sided students t-test, n=18,19,13,14 aISVs per indicated
genotype. ns, not significant; ***p<0.001; (right panel) mean±s.e.m, unpaired two-sided students t-test, n=21,24,15,12 cells per genotype. ns,
not significant; ***p<0.001. Fig. 8p-s, images are representative for n=84,78,89,92 aISVs per condition. Fig. 8t, mean±s.e.m, unpaired two-
sided students t-test, n=15,21,16 and 13 cells per indicated genotype, ***p<0.001. Fig. 8u, n=12,12,10,18 cells per indicated genotype, mean
±s.e.m. Fig. 8v,w, mean±s.e.m, unpaired two-sided students t-test, n=8,10,10 (v) and n=8,16,14 (w) embryos per group. *p<0.05, **p=0.0061.

Fig. 9a, mean±s.e.m, unpaired two-sided students t-test, n=8,9,8,10 embryos per group. **p=0.0011; ***p=0.0001. Fig. 9b, mean±s.e.m,
unpaired two-sided students t-test, n=18,20,22,16 cells derived from 6 biologically independent embryos/group; ***p<0.001; **p=0.0055;
*p=0.0100.

Experimental groups were not pre-selected based on the genotype or phenotype and were thus randomized.

Investigators were blinded to group allocation during data collection as well as quantification. Genotyping of embryos was performed
afterwards.

anti-alpha-tubulin primary antibody(clone DM1A) Sigma T6199; anti-beta-actin primary antibody (clone AC-40) Sigma A3853; anti-
ENG primary antibody (3A9) Cell Signaling 14606; anti-HA primary antibody (HA.11) Covance MMS-101P; anti-integrin alpha5 primary
antibody (clone EPR784) Abcam ab150361; anti-integrin beta1 primary antibody (clone P5D2) Abcam ab24693; anti-N-Cadherin
primary antibody (3B9) Zymed 180224; anti-phospho-Paxillin primary antibody (pTyr118) Thermo Fisher Scientific 44722G; anti-
pMLC-S19 primary antibody Cell Signaling 3675; anti-pMLC-T18S19 primary antibody Cell Signaling 3674; anti-Rac1 primary antibody
(clone 102) BD Biosciences 610651; anti-Rac1B primary antibody MERCK 09-271; anti-RhoG primary antibody [1F3 B3 E5] Santacruz
sc-80015; anti-spectrin (clone CT232) kind gift from Dr. Betty Eipper (UConne Health, Farmington, USA); doi: 10.1016/
j.gene.2004.12.028; anti-Tiam1 [C-16] primary antibody Santacruz sc-872; anti-Trio primary antibody (clone D-20) Santacruz sc-6060;

anti-Vav2 primary antibody [H-200] Santacruz sc-20803; anti-VE-Cadherin primary antibody (clone C-19) Santacruz sc-6458; anti-VE-
Cadherin-Alexa Fluor 647 (clone 55-7H1) BD Biosciences 561567; anti-VEGFR2 primary antibody (55B11) Cell Signaling 2479;
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Validation

donkey anti-goat IgG (H+L) DyLight-405 secondary antibody Jackson ImmunoResearch 705-475-147; donkey anti-mouse IgG (H+L)
Alexa Fluor 568 secondary antibody Thermo Fisher Scientific A-10037; goat anti-mouse-HRP secondary antibody Dako P0447; goat
anti-mouse IgG (H+L) Alexa Fluor 488 secondary antibody Invitrogen A-11029; rabbit anti-goat-HRP secondary antibody Dako P0449;

swine anti-rabbit-HRP secondary antibody Dako P0399

Validation of antibodies can be found at https://www.antibodypedia.com/. Commerical antibodies were generated and validated by
manufacturers (precise description given below). The Trio-spectrin antibody (clone CT232) was a kind gift of Dr. Betty Eipper (UConne
Health, Farmington, USA). Validation of this antibody can be found in the study by McPherson et al, Gene 2005: https://
www.sciencedirect.com/science/article/abs/pii/S0378111904007735?via%3Dihub.

In detail:

CD105/Endoglin (3A9) Mouse mAb #14606 has been validated by manufacturer Cell Signaling for usage in western blot and
immunohistochemistry (paraffin) and has been used in Sugden et al, Nat Comm. 2017. Phospho-Myosin Light Chain 2 (Ser19) Mouse
mAb #3675 has been validated by manufacturer Cell Signaling for application in western blot and immunofluorescence
(immunocytochemistry) and has been used in Ando et al, JCB 2013. Phospho-Myosin Light Chain 2 (Thr18/Ser19) Antibody #3674 has
been validated by manufacturer Cell Signaling for western blot and immunofluorescence (immunocytochemistry) and has been used
in Ando et al, JCB 2013. Anti-"-Tubulin antibody, mouse monoclonal (mouse IgG1 isotype) (cat no T6199) is validated by
manufacturer Sigma as an antibody specific for "-tubulin in immunoblotting assays and may be used for localization of "-tubulin in
cultured cells or tissue sections. Monoclonal Anti-Actin (mouse IgG2a isotype, clone AC-40, cat no A3853) was validated by
manufacturer Sigma as a monoclonal anti-actin antibody and was used for western blot analysis of Cos-7 cell lysates to ensure equal
protein loading. Anti-HA (HA.11, MMS-101P) has been validated by manufacturer Covance for use in immunohistochemistry and was
used in Kim Y, et al. 2016. Nat Commun. 7:10347. Recombinant Anti-Integrin alpha 5 antibody [EPR7854] (ab150361) has been
validated by manufacturer Abcam for use in immunofluorescence and has been used in Gao et al, J Exp Med 2019. Anti-Integrin beta
1 antibody [P5D2] (ab24693) has been validated by manufacturer Abcam for use in immunofluorescence and has been used in Lee et
al, Nat Comm. 2019. Anti-N-Cadherin (3B9) (180224) has been validated by manufacturer Zymed/Thermo Scientific for use in
immunofluorescence and has been used in Timmerman et al, J Cell Sci 2013. Anti-phospho-Paxillin (pTyr118, 44722G) has been
validated by manufacturer Thermo Scientific for use in immunofluorescence and has been used in Horton et al, JCB 2016. Purified
Mouse Anti-Rac1 Clone 102/Rac1 has been validated by manufacturer BD Biosciences for use in western blot and has been used in
Rijssel et al, MBC 2012. Anti-Rac1B (09-271) has been validated by manufacturer MERCK for use in western blot and has been used in
Baker et al, Cancers 2020. Anti-RhoG [1F3 B3 E5] (sc-80015) has been validated by manufacturer Santacruz for use in western blot
and has been used in Rijssel et al, MBC 2012. Anti-Tiam1 [C-16] (sc-872) has been validated by manufacturer Santacruz for use in
immunofluorescence and has been used in Zhu et al, JBC 2014. Anti-Trio (clone D-20) (sc-6060) has been validated by manufacturer
Santacruz for use in western blot and has been used in Rijssel et al, MBC 2012. Anti-Vav2 [H-200] (sc-20803) has been validated by
manufacturer Santacruz for use in immunofluorescence and has been used in Rijssel et al, MBC 2012. Anti-VE-Cadherin (clone C-19)
sc-6458 has been validated by manufacturer Santacruz for use in immunofluorescence and western blot and has been used in Rijssel
et al, Biol Open 2013. Anti-VE-Cadherin-Alexa Fluor 647 (clone 55-7H1) has been validated by manufacturer BD Biosciences for use in
immunofluorescence and has been used in Heemskerk et al, Nat Comm. 2015. Donkey anti- goat IgG (H+L) DyLight-405
(705-475-147) has been validated by manufacturer Jackson ImmunoResearch for use in immunofluorescence and has been used in
Heemskerk et al, Nat Comm. 2015. Donkey anti- mouse IgG (H+L) Alexa Fluor 568 (A-10037) and goat anti- mouse IgG (H+L) Alexa
Fluor 488 (A-11029) have been validated by manufacturer Thermo Scientific/Invitrogen for use in immunofluorescence and has been
used in Heemskerk et al, Nat Comm. 2015. Goat anti mouse-HRP (P0447), rabbit anti goat-HRP (P0449), swine anti rabbit-HRP
(P0399) have been validated by manufacturer Dako for use in western blot and have been used in Rijssel et al, MBC 2012.




