SUPPLEMENTS 

FIGURES
Figure 1.  Vasculogenesis in 24-72 hpf embryos.   The development of large blood vessels (DA, PCV, CA and CV) were examined in both wild-type (CCM1+/-, +/+) and Ccm1 mutant (CCM1-/-) embryos at 24-72 + hpf. 

Heart (H), Lateral dorsal aorta (LDA), Middle brain vein (MCeV), Primordial hindbrain channel (PHBC), and Primordial midbrain channel(PMBC) appeared comparable in both wild-type and Ccm1 mutant embryos (A and D, marked by arrows, respectively); the lumen of DA and PCV (B and E), as well as CA and CV(C and F) are also comparable in sizes in both wild-type and ccm1 mutant embryos. Starting at 32 hpf, DA (J, N, T) and CA (K, O, U) showed progressive narrowing in lumen diameters in Ccm1 mutant embryos, compared with DA (H, L, P)  and CA (I, M, R) in wild-type embryos, while PCV (J, N, T) and CV (K, O, U) in Ccm1 mutant embryos displayed enlargement compared with  PCV(H,  L,  Q) and CV (I, M, S) in wild-type embryos, at 32-35, 48-52 and 72 hpf  , respectively  (10x objective lens, calibration bars: 100µM).   The CV remained as large veinous sinous in Ccm1 mutant embryos while the CV in wild type embryos developed into a venous plexus formed by interconnecting veins with increasing EGFP signals. 

Figure 2.  Ccm1 mutant embryos show total loss of circulation at 48 hpf.     Live microangiography of 48 hpf embryos with EGFP-labeled vasculature showed that, in contrast to well-labeled vasculature in wild-type (A) and Ccm1 mutant embryos (B). All vessels, including primitive (DA and PCV) and angiogenic vessels (ISV, DLAV), were labeled by fluorescent beads in wild-type (C, D), but not in Ccm1 mutant embryos (E, F). Instead, all fluorescent beads accumulate in injection site (E), indicating total loss of circulation of Ccm1 mutant (Calibration bars: 100 µm).  In microangiography, red fluorescent quantum dots (0.02 µM diameter, Invitrogen) were injected into the common cardinal vein (CCV) of embryos at 36 to 48 hpf to label patent vascular lumens.
Figure 3.  The ISV lumenization phenotypes of Ccm1 MO zebrafish vascular systems.  Among MO treated zebrafish observed at 48 hpf, phenotype 1 (Normal) was identified by well developed lumenization in ISVs and normal circulation, identical to wild-type.  There is blood circulation with normal heart (E) in primitive vessels, but not in ISVs in phenotype 2 (loss of ISV circulation only). And No circulation can be found in phenotype 3 (total loss of circulation with an enlarged heart).  Note that there are the dorsal funnel-like enlargements in ISV marked by arrows in both phenotypes 2 and 3 embryos, similar to 48 hpf san embryos.  

VIDEOS

Video 1.  Vasculogenesis and early primary angiogenesis at 24 hpf embryos.     Lateral views of collective Z-scans of whole body vasculature in wild-type (A) and Ccm1 mutant embryos (B). Dynamic view of blood flow during 24-26 hpf within primitive vessels in the trunk of wild-type (C) and Ccm1 mutant embryos (D). Note there is a normal primitive blood flow circulating within primitive vessels in mutant embryos.

Video 2.  Early secondary angiogenesis at 36 hpf embryos.    The lateral views of collective Z-scans of corresponding ISVs in wild-type (A) and Ccm1 mutant embryos (B).  Note there is ongoing tube formation among wild-type ISVs (A) but not Ccm1 mutant ISVs (B).  Dynamic view of blood flow within primitive vessels in wild-type (C) and Ccm1 mutant embryos (D), heart beats in wild-type (E) and Ccm1 mutant embryos (F). Note that although the hearts in both wild-type and Ccm1 mutant embryos pumping vigorously and rhythmically, and the blood flow in the primitive vessels is very fast in wild-type embryos, there is no circulation within ISVs in wild-type, indicating that majority of ISVs are not patent vessel yet at 36 hpf.  Also note that residual blood flow in the primitive vessels still can be observed in Ccm1 mutant embryos at 36 hpf.
Video 3.  No microvascular lumenization of Ccm1 MO zebrafish ISVs at 48 hpf embryos.     The dynamic videographic description of vascular systems in Ccm1 MO zebrafish.  Normal blood flow in major primitive vessels and ISVs with patent vasculature was observed in control MO embryos (A, wild-type), Phenotype 2 (loss of ISV circulation, but normal circulation in major primitive vessels) was seen in the MO embryos.  Note there is normal blood circulation in primitive vessels along the trunk, but blood circulation in ISVs could not be found, mirroring 36 hpf wild-type embryos in which ISVs are not patent yet.
