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Figure S1.  Antibody against human WWTR1 appears to be specific for zebrafish 

Wwtr1.  (A) Maximum intensity projections of cardiac ventricles stained for Wwtr1.  Punctae 

observed in wwtr1-/- samples are non-specific signal.  Scale bars, 10 μm.  Other groups have 

also shown that this antibody is specific for zebrafish Wwtr1 in other tissues (Miesfeld et al.,

2015; Kimelman et al., 2017).  (B) Quantification of Wwtr1 staining intensity in the nuclei of 

trabecular cardiomyocytes relative to the nuclei of adjacent compact cardiomyocytes at 60

and 72 hpf.  ‘n’ number of trabecular cardiomyocyte nuclei were measured from 4 hearts at

each time point.  Error bars are one unit of standard deviation.  ** - P < 0.01; *** - P < 0.001

by two-sample t-test. 
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Figure S3.  Number of cardiomyocytes undergoing apical constriction and morphology of 

trabecular cardiomyocytes.  (A) Confocal mid-sagittal sections of 79 hpf hearts showing 

cardiomyocytes undergoing apical constriction (yellow arrows).  Scale bars, 10 μm.  (B) 

Number of cardiomyocytes undergoing apical constriction.  Each point represents a heart.  (C)  

Confocal mid-sagittal sections of 96 hpf hearts showing distribution of EGFP-Podxl in 

cardiomyocytes.  Scale bars, 10 μm.  (D) Percentage and number of EGFP-Podxl-polarized 

trabecular cardiomyocytes.  ‘n’ number of trabecular cardiomyocytes were assessed from 8 

wwtr1
+/+

, 10 wwtr1
+/-

, and 9 wwtr1
-/-

 hearts.  * - P < 0.05 by exact Binomial test.  (E)

Maximum projections of 96 hpf hearts.  Clusters of trabecular cardiomyocytes (myl7:mKate
+
)

were selected to extract the LIFEACT-GFP channel (shown in insets).  Selected clusters of 

trabecular cardiomyocytes are marked in red in the orthogonal views.  3/3 trabecular 

cardiomyocytes from 2 wwtr1
+/?

 hearts exhibit tubular morphology and striated cortical actin,

and 4/4 trabecular cardiomyocytes from 2 wwtr1
-/-

 hearts exhibit flattened morphology and

indistinct cortical actin.  Scale bars, 10 μm. 
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Tg(myl7:EGFP-Hsa.HRAS) 

Figure S4.  Morphology of jag2b
-/-

 and WT sibling hearts at 78 hpf.  Optical cross sections 

reveal the ventricular wall morphology of 78 hpf WT and jag2b mutant (hu3425) hearts.  The 

transgene marks cardiomyocyte membranes.  High magnifications are demarcated in red.

Scale bars, 20 μm. 
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Figure S5.  The Tead-binding domain of Wwtr1 is required for cardiomyocyte 

expression of the tp1 Notch reporter.  (A) Quantification of nuclei of tp1
+
 cardiomyocytes

exhibiting Wwtr1 nuclear localization (Wwtr1
+
) or not (Wwtr1

-
).  (B) Schematic of constructs

to express mKate and Wwtr1, connected by a self-cleavable 2A peptide, under the myl7 

promoter.  WT wwtr1 was substituted with different variants in the WW domain (WW*:

W142A, P145A) and Tead-binding domain (TBD*: S48A; ΔTBD: P46_D65del).  (C)

Quantification of tp1
+ 

and tp1
-
 wwtr1

-/-
 hearts after injection with the constructs shown on the

x-axis.  tp1
+ 

mutant hearts show at least one double-labeled cardiomyocyte (i.e. tp1
+
 and

mKate
+
).  (D) Representative maximum intensity projections of wwtr1

-/-
 hearts after injection

with the constructs shown in (A).  Yellow arrows point to tp1
+
 cardiomyocytes.  The out of

focus white signal is from endocardial cells at the valve regions (black asterisks).  Scale bars,

10 μm. 

Development 145: doi:10.1242/dev.159210: Supplementary information

D
ev

el
o

pm
en

t •
 S

up
pl

em
en

ta
ry

 in
fo

rm
at

io
n



Figure S6.  Distribution of cardiomyocytes in the compact and trabecular layers from 

the transplantation and mosaic over-expression experiments.  (A and B) Proportion and

number of donor cardiomyocytes in compact (purple) and trabecular (green) layers of hearts 

from individual hosts (transplantation scheme indicated above the charts), leading up to the 

average (avg) as shown in Figure 4A’ and B’.  (C) Proportion and number of mKate (control) 

or CAWwtr1 expressing cardiomyocytes in compact (purple) and trabecular (green) layers of 

hearts from individual injected WT animals, leading up to the average (avg) as shown in

Figure 4C’’.  P-values were calculated by exact Binomial test.  
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Figure S7.  wwtr1
-/-

 hearts exhibit decreased immunostaining intensity for phospho-

MRLC and lower heart rate.  (A) Maximum intensity projections of whole mount zebrafish 

hearts showing phospho-MRLC (pMRLC) and phalloidin stainings.  Scale bars, 10 μm.  The 

gray values of pMRLC are normalized to the gray values of phalloidin to correct for technical 

noise.  Quantification of the mean pMRLC gray values (A’), mean phalloidin gray values 

(A’’), and normalized mean gray values of pMRLC (A’’’).  Error bars are one unit of standard 

deviation.  * - P < 0.05; ** - P < 0.01 by two-sample t-test.  (B) Quantification of heart rate 

and ventricular fractional shortening at 52 hpf.  Movies of beating hearts can be found in 

Movie S1.  Error bars are one unit of standard deviation.  ** - P < 0.01 by linear regression.  

(C) Maximum intensity projections of whole mount 30 hpf zebrafish hearts showing the 

expression pattern of LIFEACT-GFP in cardiomyocytes.  Insets (demarcated in red) show 

high magnification views.  The cardiomyocyte LIFEACT-GFP expression pattern is similar 

between wwtr1
+/+

 (n = 5) and wwtr1
-/-

 (n = 6) hearts at this stage.  (D) Maximum intensity 

projections of whole mount 30 hpf zebrafish hearts showing the N-cadherin-GFP localization 

in cardiomyocytes.  Insets (demarcated in red) show high magnification views.  The N-

cadherin-GFP localization in cardiomyocytes is similar between wwtr1
+/+

 (n = 8) and wwtr1
-/-

 

(n = 7) hearts at this stage.  Scale bars, 20 μm; 10 μm (insets).  V - Ventricle; At - Atrium. 
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Figure S8.  Apico-basal polarity of cardiomyocytes prior to trabeculation.  Mid-sagittal

sections of 52 hpf zebrafish hearts showing correct localization of EGFP-Podxl and Mark3a-

tagRFP on the apical and basal domains, respectively, of cardiomyocytes in both wwtr1
+/+

and wwtr1
-/-

 hearts.  Scale bars, 10 μm. 
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Figure S9.  Transcriptomic analyses of wwtr1
-/-

 hearts compared to wwtr1
+/+

 hearts at 57-

59 hpf.  (A) Volcano plot comparing the transcriptomes of wwtr1
-/-

 to wwtr1
+/+

 sibling hearts

collected at 57 – 59 hpf.  As expected, wwtr1 is significantly downregulated in wwtr1
-/-

 hearts.  

Each point represents a gene.  Blue points are genes that are significantly differentially 

expressed; red points are genes that are moderately differentially expressed; green points are 

genes not significantly differentially expressed (see Materials and Methods for thresholds).

(B)  Heat map of z-scores of selected significantly differentially expressed genes assigned to

functional categories.  (C) Significantly differentially expressed genes that regulate muscle

maturation and actin dynamics.  Error bars are one unit of standard deviation from three 

RNAseq biological replicates of each genotype.  ** - adjusted P < 0.01; *** - adjusted P <

0.001 calculated by DESEQ2.  (D) Whole mount in situ hybridization for mybphb expression

counterstained with MF20 reveals cardiac-specific loss of mybphb expression in wwtr1
-/-

hearts.  
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Figure S10.  Regulation of Wwtr1 localization by cardiac contractility.  (A) Maximum

intensity projections of 78 hpf hearts.  Immunostaining for Wwtr1 was performed on jag2b 

mutant larvae and their WT siblings.  (B) Confocal sections of 79 hpf hearts.  Immunostaining 

for Wwtr1 was performed on tnnt2a, myh6 and control morphants.  Orange arrows point to

nuclei of endocardial cells exhibiting nuclear Wwtr1 expression.  Green arrows point to nuclei 

of atrial cardiomyocytes exhibiting nuclear Wwtr1 expression.  Scale bars, 50 μm. 
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Movie 1.  Three cardiac cycles of 52 hpf WT and wwtr1 mutant hearts.  Actual time scale 

(in seconds) in top left corners. 

Table S1.  Significantly differentially expressed genes between WT and wwtr1 mutant 

hearts at 57 - 59 hpf. 

Table S2.  Gene expression profiles of wwtr1 and asb2b mutant hearts. 

Click here to Download Table S1

Click here to Download Table S2
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