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Supplementary Figure 1 

Suppl Figure 1. Expression pattern of Rock1 and Rock2 in NCC. Sections are from E9.5 and E10.5 

Wnt1-cre;ROSAeYFP embryos; the sections are stained with an antibody that recognises eYFP (green) 

and Rock1 or Rock2 (red). Rock1 does not appear to be expressed in the dorsal neural tube or the 

migrating NCC (A,B), but is expressed in NCC within the dorsal wall of the aortic sac (E,F). Rock2 is 

found at only low levels, or is undetectable, in the dorsal neural tube (C,D) in the aortic sac (G,H). 

dwas = dorsal wall of the aortic sac. Scale bar A-D = 200µm, E-H = 50µm.   
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Supplementary Figure 2 

Suppl Figure 2. Breeding strategy of the RockDN mice. A) The RockDN mice were mated with Wnt1-

cre mice which removed the CAT box, allowing expression of the Rock dominant negative protein. B) 

Removal of the CAT box was confirmed by qPCR using outflow tracts dissected from E11.5 control and 

mutant littermates. Using a one way Anova test, a statistically significant decrease (P<0.05 *) in the 

expression of the CAT box was observed in the mutant outflow tracts, compared to the control embryos. 
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Suppl Figure 3. NCC are found in arterial valve leaflets postnatally. Transverse sections taken through 

a Wnt1-cre;ROSAeYFP heart at P21 (A-H) and a Tie2-cre;ROSAeYFP heart at P21 (I-M), were stained with 

an antibody that recognises eYFP. NCC are abundant in all the aortic valve leaflets (A-D) and in the left and 

right leaflets of the pulmonary valve (E,F), with very few found in the anterior leaflet (G,H). Endothelial cells 

are also found in the arterial valve leaflets (I-M). 

A = anterior, AV = aortic valve, L = left, LC = left coronary, NC = non-coronary, PV = pulmonary valve, R = 

right, RC = right coronary. Scale bar A,C,E,G,I,L = 100µm, B,D,F,H,J,K,M = 50µm.   
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Suppl Figure 4. Further examples of abnormal positioning of outflow tract cushions. All the sections 

are coronal and the NCC are stained brown. A-D) At E10.5 the NCC in the distal outflow tract are arranged 

uniformly in the control (A) but there are gaps between NCC in the mutant (arrowheads in B). More 

proximally, the NCC are aggregating into two discrete cushions in the control (C); this process is delayed in 

the mutant (D). E-H) At E11.5 the distal (E) and mid region (G) outflow cushions are fused or fusing in the 

control. In contrast, the cushions are widely separated in the RockDN mutant and they are abnormally 

positioned and sized (F,H). I,J) The pulmonary valve leaflets are abnormally sized and positioned at E12.5 

in the mutant, with four discrete leaflets apparent (J). 

Scale bar A-J = 50µm.   
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Suppl Figure 5. Abnormal coronary arteries in a RockDN;Wnt1-cre mutant. In one mutant at E15.5, 

three coronary arteries arose from the left (A), right (B) and non-coronary sinuses (C).  

Ao = aorta, PT = pulmonary trunk. Scale bar A-C = 100µm.   
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Suppl Figure 6. Arterial wall abnormalities in RockDN;Wnt1-cre mutants at E15.5. A,B,E,F are control 

embryos, C,D,G,H are RockDN;Wnt1-cre mutants. A,C,E,G) αSMA staining (brown) is disrupted in both the 

aortic (C) and pulmonary (G) roots and in the ascending aorta (G) in mutant embryos (arrows), suggesting 

that SMC are differentiating abnormally. Moreover, the arterial wall is thickened in the ascending aorta (G, 

arrow). B,D,F,H) Elastin (black) deposition is somewhat disorganised in mutant embryos, correlating with 

SMC disorganisation. AA = ascending aorta, AR = aortic root, PR = pulmonary root. Scale bar A-H = 50µm. 
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Supplementary Figure 7 

Suppl Figure 7. Delamination and migration of NCC. RockDN;ROSA 26R mice were crossed with Wnt1-

cre mice and the embryos were LacZ stained to show the position of the NCC. At E8.5 (A,B) the 

delamination and early migration of the NCC was normal in the RockDN;Wnt1-cre mutant (B). 
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Supplementary Figure 8 

Suppl Figure 8. Absence of cell death within the outflow tract. Transverse sections through the outflow 

tract at E9.5 and E10.5 were stained for cleaved caspase 3 to identify any cells undergoing cell death. The 

white dashed line shows the direction of migration of the neural crest cells. There was no cell death within 

the cushions (arrows) in the controls or mutants at these stages. 

Scale bar A-D = 100µm.   
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Suppl Figure 9. Loss of actin cytoskeleton in outflow tract neural crest cells. A,B,D,E are transverse 

sections and C,F are NCC from in vitro cultures. The actin cytoskeleton is stained using Phalloidin (red) and 

NCC are labelled using the GFP antibody (green). A,B,D,E) The NCC in E11.5 control embryos displayed 

cortical stress fibres, whereas in the RockDN;Wnt1-cre embryos these were missing or reduced (compare 

arrows in B and E). C,F) In vitro, NCC cultures isolated from control E9.5 embryos displayed actin stress 

fibres strongly at the rear and lateral sides of the cells (arrows in C). Filamentous actin staining is reduced in 

isolated NCC from RockDN;Wnt1-cre embryos (arrows in F). Phall = phalloidin. Scale bar A,B,D,E = 50µm, 

C,F = 20µm. 
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Suppl Figure 10. In vitro analyses of Rock inhibition. NCC from in vitro cultures. Cx43 (A,B) and N-

cadherin (C,D) expression are both reduced at the cell membrane and cell-cell contacts in Rock inhibitor-

treated cells. Cx43 = connexin 43, N-cad = N-cadherin. 

Scale bar = 15µm.   
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Suppl Figure 11. 3D reconstructions of outflow tract cushions in RockDN;Wnt1-cre mutants. The 

lumen of the pharyngeal arch arteries and descending aorta (red) are included for reference. A,B) The 

cardiac jelly was painted in control and RockDN;Wnt1-cre mutant embryos at E10.5. The basic form of 

these structures is very similar at this stage. C,D) Enlargement of the outflow tract with the cardiac jelly now 

painted in grey and NCC painted in purple. Although the NCC are circumferential in the distal outflow tract, 

they have split into two discrete streams in the mid region of the control vessel (arrows in C). This is much 

less apparent in the RockDN;Wnt1-cre embryos (D). NCC have not penetrated the proximal outflow tract in 

either embryo. E,F) By E11.5 there are two discrete cushions (green and yellow) that spiral around one 

another in the control embryo; these appear fused along their length (the most proximal region is not in 

view) (E). In the RockDN mutant, the two cushions remain unfused and are still circumferential in the most 

distal region. The proximal tips of both cushions are pointing towards the right ventricle (arrows in F).  

 
















