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Extended Data Fig. 5 | scRNA-seq of Tbx5 mutants by region. a–c, In scRNA-
seq samples from E13.5 hearts, we display cells by (a) region (left ventricle 
(LV), right ventricle (RV), interventricular septu (IVS)) (b) genotype, or (c) cell 
types by Louvain clustering. In IVS+atrioventricular complex (AVCo) regions 
(control, n = 4, Tbx5 mutant, n = 2), we detected clusters enriched for (d) Tnnt2+ 

cardiomyocytes (CMs), (e) Tbx18+/Wt1+ epicardial cells, (f) Plvap+ endothelial 
cells, (g) Postn+ fibroblasts, (h) Hbb-b2+ red blood cells, and (i) C1qb+ white blood 
cells. Dot plots of selected differentially expressed genes in (j) tdTomato+ or 
(k) ZsGreen+ cells from the IVS+AVCo region. Significance of adj p < 0.05 was 
determined by two-sided Wilcoxan rank sum.
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Extended Data Fig. 6 | See next page for caption.
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Extended Data Fig. 6 | Fluorescent in situ hybridization of Tbx5-dependent 
genes at E14.5. a–f ”, By fluorescent in situ hybridization at E14.5 after a single dose 
of tamoxifen at E6.5, Bmp2, Robo1 and Unc5b are expressed in the atrioventricular 
canal (boxed region) in Tbx5CreERT2/+ controls (Tbx5CreERT2/+;Mef2cAHF-DreERT2; 
ROSA26Ai6/Ai66), and expression of these genes are reduced in Tbx5CreERT2/flox 
mutants (Tbx5CreERT2/flox;Mef2cAHF-DreERT2;ROSA26Ai6/Ai66). Tnnt2 is expressed 

in cardiomyocytes. g–h’, Irx2 is reduced in the IVS of Tbx5 mutants. i–n”, Nppa, 
Slit2 and Ntn1 are expressed in the trabecular layer in Tbx5CreERT2/+ controls, and 
misexpressed in the IVS in Tbx5CreERT2/flox mutants with a membranous VSD at E14.5. 
Yellow dashed line demarcates gradient of Ntn1 expression across the IVS from left 
to right. o, Immunostaining of NTN1 at E14.5. All scale bars are 200 microns.

http://www.nature.com/natcardiovascres
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Extended Data Fig. 7 | Expression of Slit2 and Ntn1 in Tbx5 mutants at 
E11.5. Fluorescent in situ hybridization of (a–d) Slit2 and (e–h) Ntn1 at E11.5 
in Tbx5CreERT2/+ controls (Tbx5CreERT2/+;Mef2cAHF-DreERT2;ROSA26Ai6/Ai66) and 

Tbx5CreERT2/flox mutant (Tbx5CreERT2/flox;Mef2cAHF-DreERT2;ROSA26Ai6/Ai66) hearts. 
Arrowheads highlight ectopic expression of Ntn1 in the RV. All scale bars are  
200 microns.
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Extended Data Fig. 8 | TBX5 chromatin occupancy near Slit2 and Ntn1. a–c, Browser tracks of TBX5 ChIP-seq from E12.5 hearts55 show peaks of TBX5 occupancy 
(dashed black boxes) near promoters of Nppa, Slit2 and Ntn1.
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Extended Data Fig. 9 | Tbx5-Ntn1 and Tbx5-Slit2 genetic interactions. 
Histology from E14.5 embryos from matings of (a–d) Tbx5del/+ and Slit2+/− or (f–i) 
Tbx5del/+ and Ntn1+/− by genotype. Arrowheads depict muscular ventricular septal 
defects (VSDs). e, Quantification of membranous or muscular VSDs by genotype. 
Tbx5del/+;Slit2+/−compound heterozygous embryos displayed an estimated 
decrease in the incidence of membranous VSDs, which approached significance 
(log OR -2.5; p = 0.09 in a Generalized Linear Model without adjustments for 
multiple comparisons). This decrease was relative to the expected incidence of 
membranous VSDs if there was no genetic interaction between Tbx5 and Slit2. 
j, Tbx5del/+;Ntn1+/− compound heterozygous embryos displayed a decrease of 

membranous VSDs (log OR -5.3; p = 1×10−3 by a Generalized Linear Model without 
adjustments for multiple comparisons), relative to the expected incidence of 
membranous VSDs if there was no genetic interaction between Tbx5 and Ntn1, 
but not changes to prevalence of muscular VSDs (log OR 0.12; p = 0.93). k–v, 
Machine-learning based quantitative morphometry of metrics for (k-p) Tbx5del/+ 
and Ntn1+/− or (q-v) Tbx5del/+ and Slit2+/− by genotype. IVS, interventricular septum. 
Significance determined by two-sided Fisher’s exact test (*p < 0.05, **p < 0.01, 
***p < 0.001). (k) **p = 0.0059, (l)*p = 0.0337, (m) *p = 0.0196, (q)***p = 0.0008, 
*p = 0.0468. All scale bars are 200 microns.
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Extended Data Fig. 10 | Quantitative morphometry of Slit2 and Ntn1 mutant 
hearts. a–d, Additional histology by Ntn1 genotype at E14.5. Arrowhead, 
muscular ventricular septal defect (VSD). Asterisk, membranous VSD. Scale 
bars are 200 microns. e–p, Machine learning-based quantitative cardiac 

morphometrics for (e–k) Slit2 or (l–r) Ntn1 mutants. Significance determined 
by two-sided Fisher’s exact test (*p < 0.05). k, r, Morphometry of the area of 
membranous VSDs by Slit2 or Ntn1 genotypes. (E) *p = 0.0184, (H) *p = 0.0216, 
*’p = 0.0492.
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