
Fig. S1. Generation and characterization of ltbp3 null zebrafish. (A) Schematic 

diagram showing the domain structure of zebrafish Ltbp3 (top; UniProtKB protein 

F1QFX6) and the predicted protein product encoded by the ltbp3fb28 allele (bottom), 

which contains 162 wild-type amino acids (of 1258 total) followed by 12 divergent amino 

acids (not shown) and a pre-mature termination codon. (B,C) Confocal projections of 

hearts from 48 hours post-fertilization (hpf) control (CTRL) and ltbp3-/- animals carrying 

the Tg(cmlc2:nucGFP) transgene immunostained with an antibody that recognizes GFP. 

Scale bars=30µm. (D) Dot plot showing the total, ventricular (V), and atrial (A) 

cardiomyocyte numbers in 48 hpf CTRL (n=6) and ltbp3-/- (n=9) embryos. Statistical 

significance was determined by unpaired t-tests and a Holm-Sidak’s multiple 

comparisons test. (E) Dot plot showing the relative expression of ltbp3 transcripts in 

CTRL and ltbp3-/- larvae on 5 days post-fertilization (dpf). n=4 biological replicates and 3 

technical replicates. (F) Brightfield images of CTRL (top) and ltbp3-/- (bottom three) adult 

zebrafish. 10/10 null animals were affected by spinal curvatures. Scale bar=1cm. (G) Dot 

plot showing the relative expression levels of ltbp1 transcripts in CTRL and ltbp3-/- larvae 

on 5 dpf. n=4 biological replicates and 3 technical replicates. In (E) and (G), statistical 

significance was determined by an unpaired t-test. For all dot plots, errors bars show 

one standard deviation. ns, not significant. ****, p<0.0001. 
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Fig. S2. Generation and characterization of ltbp1 null zebrafish. (A) Schematic 

diagram showing the domain structure of zebrafish Ltbp1 (top; UniProtKB protein 

F1QQ56) and the predicted protein product encoded by the ltbp1fb29 allele (bottom), 

which contains 426 wild-type amino acids (of 1428 total) followed by 16 divergent amino 

acids (not shown) and a pre-mature termination codon. (B,C) Dot plots showing the 

relative expression levels of ltbp1 and ltbp3 transcripts in control (CTRL) and ltbp1-/- 

larvae on 5 days post-fertilization (dpf). Statistical significance was determined by an 

unpaired t-test. Errors bars show one standard deviation. ****, p<0.0001. ns, not 

significant. n=4 biological replicates and 3 technical replicates. (D) Brightfield images of 

adult CTRL (top) and ltbp1-/- (bottom) zebrafish.  Little to no variation was observed 

between animals within each group (n>10/group). Scale bar=1cm.  
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Fig. S3. Ventricular morphogenesis is unperturbed in ltbp1, ltbp3 double knockout 
embryos. (A,B) Confocal projections of hearts in 3 days post-fertilization (dpf) control 

(CTRL; A) and ltbp1-/-; ltbp3-/- (B) larvae double immunostained with an antibody (MF20) 

that recognizes striated muscle. Ventricular size was measured by quantifying the area 

enclosed by the chamber’s perimeter [shown as dotted lines in (A,B)]. (C) Dot plot 

showing the ventricular areas of CTRL (n=3) and ltbp1-/-; ltbp3-/- (n=7) larvae. (D,E) 

Confocal projections of hearts in 3 dpf CTRL (D) and ltbp1-/-; ltbp3-/- (E) larvae carrying 

the cmlc2:nucGFP transgene immunostained with an antibody that recognizes GFP. (F) 

Dot plot showing the numbers of ventricular cardiomyocytes in 3 dpf CTRL (n=5) and 

ltbp1-/-; ltbp3-/- (n=5) larvae. For (C) and (F), statistical significance was determined by an 

unpaired t-test. Error bars show one standard deviation. ns, not significant. Scale 

bars=20µm. 
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Fig. S4. Absence of OFT aneurysm and ventricular dilation in 5 dpf ltbp1 null and ltbp3 null 
single-mutant zebrafish. (A,B,D,E) Confocal projections of hearts in 5 days post-fertilization (dpf) 

control (CTRL; A,D), ltbp1-/- (B), and ltbp3-/- (E) larvae immunostained with an antibody (MF20) 

that recognizes striated muscle. Ventricular size was measured by quantifying the area enclosed 

by the chamber’s perimeter [shown as dotted lines in (A,B,D,E)]. (C,F) Dot plots showing the 

ventricular areas in CTRL [n=4 in (C); n=5 in (F)], ltbp1-/- (C, n=6), and ltbp3-/- (F, n=7) larvae. 

(G,H,J,K) Single optical sections through the OFTs of 5 dpf CTRL (G,J), ltbp1-/- (H), and ltbp3-/- (K) 

larvae double immunostained with antibodies that recognize striated muscle (MF20, red) or Eln2+ 

OFT smooth muscle (green). The white lines show the maximal OFT diameters between the Eln2

+ smooth muscle that are perpendicular to blood flow. (I,L) Dot plots showing the maximal OFT 
diameters in 5 dpf CTRL [n=4 in (I); n=5 in (L)], ltbp1-/- [n=6 in (I)], and ltbp3-/- [n=6 in (L)] larvae. 

For all dot plots, statistical significance was determined by an unpaired t-test. Error bars show one 

standard deviation. ns, not significant. Scale bars=20µm. 
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Fig. S5. OFT smooth muscle cell hyperplasia in ltbp1, ltbp3 double knockout animals. (A,B) 

Single optical sections through the OFTs of 5 days post-fertilization (dpf) control (CTRL; A) and 

ltbp1-/-; ltbp3-/- (B) larvae exposed to EdU between 4 and 5 dpf, processed for Click-iT EdU 

labelling (white), and double immunostained with antibodies that recognize striated muscle (MF20, 

red) or Eln2+ OFT smooth muscle (green). (C) Dot plot showing the numbers of EdU+,  Eln2+ 

cells in CTRL (n=8) and ltbp1-/-; ltbp3-/- OFTs (n=8). Statistical significance was determined with an 

unpaired t-test. Error bars show one standard deviation. ****, p<0.0001. Scale bars=20µm. 
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Fig. S6. OFT morphogenesis is unperturbed in ltbp1, ltbp3 double knockout 
embryos. (A,B) Single optical sections through the OFTs of 3 days post-fertilization (dpf) 

control (CTRL; A,D) and ltbp1-/-; ltbp3-/- (B,E) larvae double immunostained with antibodies 

that recognize striated muscle (A,B; MF20, red) or Eln2+ OFT smooth muscle (A,B,D,E; 

green) and counterstained with DAPI (D,E; blue). (C,F) Dot plots showing the maximal OFT 

diameters and Eln2+ OFT smooth muscle cell (SMC) numbers in 3 dpf CTRL [n=4 in (C); 

n=6 in (F)] and ltbp1-/-; ltbp3-/- [n=7 in (C); n=5 in (E)] larvae. The white lines in (A,B) show 

the maximal OFT diameters between the Eln2+ smooth muscle that are perpendicular to 

blood flow. SMC number was quantified by counting the number of DAPI stained nuclei 

surrounded by Eln2+ signal. (G,H) Single optical sections of OFTs from 3 dpf CTRL and 

ltbp1-/-; ltbp3-/- larvae carrying the endothelial/endocardial fli1a:nGFP transgene 

immunostained with antibodies that recognize striated muscle (MF20, red) or GFP 

(magenta) and counterstained with DAPI (blue). (I) Dot plot showing the numbers of 

endocardial cells in the OFTs of 3 dpf CTRL (n=4) and ltbp1-/-; ltbp3-/- (n=7) larvae. For all 

dot plots, statistical significance was determined with an unpaired t-test. Error bars show 

one standard deviation. ns, not significant. Scale bars=20µm. 
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Fig. S7. The distended OFTs of ltbp1, ltbp3 double knockout animals do not 
hyperactivate BMP signaling. (A,B) Confocal projections of OFTs in 5 days post-

fertilization (dpf) control (CTRL; A) and ltbp1-/-; ltbp3-/- (B) larvae double immunostained 

with antibodies that recognize striated muscle (MF20, red) or pSmad1/5/9 (cyan). Dot 

plot showing the relative mean pSmad1/5/9 fluorescence intensities in the OFTs of 5 dpf 

CTRL (n=6) and ltbp1-/-; ltbp3-/- (n=6) larvae. Statistical significance was determined with 

an unpaired t-test. Error bars show one standard deviation. ns, not significant. Scale 

bars=20µm. 
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Fig. S8. Gene Ontology term enrichment analysis of RNA-sequencing data from 
ltbp1, ltbp3 double knockout disease tissue.  (A) Table showing representative 

Gene Ontology (GO) terms enriched in the upregulated (red dots in Fig. 6A) or 

downregulated (blue dots in Fig. 6A) gene sets in ltbp1-/-; ltbp3-/- OFTs and ventricles. 

Inclusion criteria were |fold change (FC)|>1.5 and adjusted p-value<0.05. (B) Table 

showing representative GO terms enriched in orthologous gene pairs upregulated in 

disease tissue from Fbn1mgR/mgR mice and ltbp1-/-; ltbp3-/- zebrafish (red dots in upper 

right quadrant of Fig. 6G) using the mouse gene identifiers as inputs. Inclusion criteria 

were |FC|>1.3 and adjusted p-value<0.1 for both orthologs within each pair.  
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Fig. S9. Validation of LY364947 as an antagonist of TGFb signaling in the zebrafish 
OFT. (A) Experimental timeline for small molecule-mediated inhibition of TGFb signaling 

in wild-type animals. (B,C) Confocal projections of OFTs in 52 hours post-fertilization (hpf) 

wild-type animals treated with DMSO (B) or LY364947 (C) and doubled immunostained 

with antibodies that recognize striated muscle (MF20, red) or phosphorylated Smad3 

(pSmad3; green). (D) Dot plot showing the relative mean pSmad3 fluorescence intensities 

in the OFTs of 52 hpf wild-type embryos treated with DMSO (n=6) or LY364947 (n=6). 

Statistical significance was determined with an unpaired t-test. Error bars indicate one 

standard deviation. **, p<0.01. Scale bars=20µm. 
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Fig. S10. Inhibition of TGFb signaling does not suppress aneurysm in ltbp1-/-; 
ltbp3-/- animals. (A) Experimental timeline for small molecule-mediated inhibition of 

TGFb signaling in ltbp1-/-; ltbp3-/- animals. (B,C) Single optical sections of OFTs in 5 days 

post-fertilization (dpf) wild-type animals treated with DMSO (B) or LY364947 (C) and 

double immunostained with antibodies that recognize striated muscle (MF20, red) or 

Eln2+ OFT smooth muscle (green). (D) Dot plot showing the maximal OFT diameters of 

5 dpf ltbp1-/-; ltbp3-/- larvae treated with DMSO (n=7) or LY364947 (n=5). Statistical 

significance was determined with an unpaired t-test. Error bars indicate one standard 

deviation. **, p<0.01. Scale bars=20µm. 
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Fig. S11. TGFb signaling protects the zebrafish OFT from aneurysm subsequent 
to co-expression of ltbp3 and ltbp1. (A) Experimental timeline for small molecule-

mediated inhibition of TGFb signaling. (B,C) Single optical sections of OFTs in 5 dpf 

wild-type animals treated with DMSO (B) or LY364947 (C) as shown in (A) and double 

immunostained with antibodies that recognize striated muscle (MF20, red) or Eln2+ 

OFT smooth muscle (green). (D) Dot plot showing the maximal OFT diameters of 5 dpf 

wild-type larvae treated with DMSO (n=6) or LY364947 (n=5) on 2-3 dpf. (E) 

Experimental timeline for small molecule-mediated inhibition of TGFb signaling in wild-

type animals. Single optical sections of OFTs in 5 dpf wild-type animals treated with 

DMSO (F) or LY364947 (G) as shown in (E) and double immunostained with antibodies 

that recognize striated muscle (MF20, red) or Eln2+ OFT smooth muscle (green). (H) 
Dot plot showing the maximal OFT diameters of 5 dpf wild-type larvae treated with 

DMSO (n=7) or LY364947 (n=7) on 4-5 dpf. For all dot plots, statistical significance was 

determined with an unpaired t-test. Error bars indicate one standard deviation. ns, not 

significant. **, p<0.01. Scale bars=20µm 
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Fig. S12. Validation of SRI-011381 as an agonist of TGFb signaling in the zebrafish 
OFT. (A) Experimental timeline for small molecule-mediated activation of TGFb signaling 

in wild-type animals. (B,C) Confocal projections of OFTs in 5 days post-fertilization (dpf) 

wild-type animals treated with DMSO (B) or SRI-011381 (C) and immunostained with 

antibodies that recognize striated muscle (MF20, red) or phosphorylated Smad3 

(pSmad3; green). (D) Dot plot showing the relative mean pSmad3 fluorescence 

intensities in the OFTs of 5 dpf wild-type embryos treated with DMSO (n=8) or 

SRI-011381 (n=6). Statistical significance was determined with an unpaired t-test. Error 

bars indicate one standard deviation. **, p<0.01. Scale bars=20µm. 
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Fig. S13. Activation of TGFb signaling does not induce OFT aneurysm in control-
sibling animals or suppress OFT aneurysm in ltbp1-/-; ltbp3-/- animals. (A) 

Experimental timeline for small molecule-mediated activation of TGFb signaling in control-

sibling (CTRL) and ltbp1-/-; ltbp3-/- animals. (B,C,E,F) Single optical sections of OFTs in 5 

days post-fertilization (dpf) CTRL (B,C) and ltbp1-/-; ltbp3-/- (E,F) larvae treated with DMSO 

(B,E) or SRI-011381 (C,F) and double immunostained with antibodies that recognize 

striated muscle (MF20, red) or Eln2+ OFT smooth muscle (green). (D,G) Dot plots 

showing the maximal OFT diameters of 5 dpf CTRL (D) and ltbp1-/-; ltbp3-/- (G) larvae 

treated with DMSO [n=12 in (D); n=13 in (G)] or SRI-011381 [n=11 in (D); n=13 in (F)]. 

Statistical significance was determined with an unpaired t-test. Error bars indicate one 

standard deviation. ns, not significant. Scale bars=20µm. 
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Movie 1. Brightfield video of 5 days post-fertilization control-sibling heart. 

Movie 2. Brightfield video of 5 days post-fertilization ltbp1-/-; ltbp3-/- heart showing aortic 

regurgitation. 
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Table S1. Genes differentially expressed between co-dissected ventricles and OFTs 
from ltbp1-/-; ltbp3-/- and control animals. 

Table S2. Gene ontology (GO) terms for genes differentially expressed between co-
dissected ventricles and OFTs from ltbp1-/-; ltbp3-/- and control animals, |FC|>1.5, 
adjusted p-value<0.05. 

Table S3. Gene set enrichment analysis (GSEA) of human homologs of genes 
differentially expressed between co-dissected ventricles and OFTs from ltbp1-/-; 
ltbp3-/- and control animals, MsigDB v. 7.0, c2, c3 and c5.  

Table S4. Orthology analysis of genes differentially expressed in disease tissue from 
Fbn1mgR/mgR mice and ltbp1-/-; ltbp3-/- zebrafish, |FC|>1.3, adjusted p-value<0.1. 

Table S5. Gene ontology (GO) terms for orthologous gene pairs behaving similarly in 
disease tissue from Fbn1mgR/mgR mice and ltbp1-/-; ltbp3-/- zebrafish, |FC|>1.3, adjusted 
p-value<0.1.  

Click here to download Table S1

Click here to download Table S2

Click here to download Table S3

Click here to download Table S4

Click here to download Table S5
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Table S6. qPCR Primers. 

qPCR primers Forward primer (5′ to 3′) Reverse Primer (5′ to 3′) 

ltbp3 ctggttatcagcctacgcaag ggcagctcgtttacactcgt 

ltbp1 cctgatttctggagatcctatgag gctggcattcatctgcat 

nppa  caacatggccaagctcaa ggctctctctgatgcctcttc 

nppb aacgacgacatgggtgtttt tttgccgcctttacttctct 

tgfb1b caagtgggtgtcgtttgatg cagctgaaactcctgcttctc 

tgbr2a cgacagctgcctgagtcc catataacgcgccgttcc 

thbs1a acgcaagagtgtgacaaacg gaggaccagggagaccag 

serpine1 gagcagaatgggtcttggag ttggatacacataaaggttcctca 

rps11 gatggcggacactcagaac ccaatccaacgtttctgtga 
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