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Using zebrafish to understand how to build a heart

Innovative zebrafish research for investigating CHDs
or



Azhar and Ware, 2015

Genetics of congenital heart defects

Roles for 
modifier genes?

Estimate of 400+
CHD risk genes
(Jin et al., 2017, 
Nature Genetics)



Goals

1. Advantages and challenges of zebrafish 
models

2. Genome editing in zebrafish to characterize a 
genetic variant in congenital heart defects

3. Roles for Pbx and Meis factors in heart 
development and cardiomyocyte differentiation



Zebrafish heart development

•Rapid, external
development

•Hundreds of
embryos/day

•Genome 
editing

http://www.sfgate.com 48 hrs

Brown et al., 2016
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Maves et al., 2009 Dev Bio
Kao et al., 2015 J Dev Bio

Stankunas et al., 2008 Circ Res

Pbx mutant animal models have heart defects 
Mouse mutants:Zebrafish mutants:

atrium

atrium



Pbx proteins are pioneer factors that promote
regulatory transcription factor binding
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Pbx proteins are required for myocardial differentiation
and outflow tract formation 
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Human PBX gene variants linked to CHDs





Pbx sequence associated with CHD variant
is highly conserved

Arrington et al., 2011

V136

Zebrafish Pbx4  SGPEKGGGSAAAAAAAAAAGGSPNDGS          



Using CRISPR/Cas9 to engineer zebrafish model
of human PBX gene variant

Inject Cas9 + pbx4 guide RNA + oligo with pbx4 C>T variant 

*

Fish homozygous for C>T variant (A131V allele) show no heart defects



PBX3(A136V) - a modifier allele
in congenital heart defects?

Do pbx alleles 
enhance the 

effects of 
mutations in 

congenital heart 
defect genes?



pbx4A131V+null alleles enhance heart
morphogenesis defects caused by loss of hand2

• PBX3A136V is a potential modifier
of CHD in humans

• We can make a patient’s fish model
and test candidate genetic variants Farr et al., 2018 Dis Mod Mech





Are Meis proteins required
for heart development? 

Maves et al., 2009 Dev Bio

Pbx and Meis bind 
the promoter of the 

myocardial gene
myl7.



Meis2b is required for cardiac morphogenesis 

Paige et al., 2012 Cell



Meis1b and Meis2b are required for cardiac morphogenesis
and myocardial differentiation 



Can Pbx and Meis promote myocardial differentiation? 

Reiter et al., 1999 Genes Dev

control
+gata5 mRNA
overexpression

myocardial myl7 expression

gata5 over-expression
induces extra myocardial 
differentiation
in zebrafish embryos



Pbx and Meis enhance Gata5 induction
of myocardial differentiation



Approaches in zebrafish to understand heart 
development and CHDs: Conclusions

1. Genome editing in zebrafish to characterize a genetic variant 
in congenital heart defects

-early heart morphogenesis defects
-large numbers of embryos 
-example of editing a human variant in zebrafish

2. Roles for Pbx and Meis factors in heart development and 
myocardial differentiation

-insight into the control of cardiomyocyte differentiation
-framework for new transcription and chromatin factors
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