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Figure 2. Cardiac progenitor cell division
defects associated with cas loss of function.
(A) A heart from a wild-type embryo bearing one
copy of the svp-lacZ enhancer trap showing
hemisegments consisting of four Tin-CCs (green),
two Svp-PCs (yellow), and two Svp-PCs (red).
(B-D) Hearts from embryos homozygous for the
cas24 null mutation (and also carrying one copy of
the svp-lacZ enhancer trap) exhibiting asymmetric
cardiac progenitor cell division defects (arrows),
symmetric cardiac progenitor cell division defects
(brackets), and defects at an earlier round of cell
division determining the number of Svp precursors
(arrowheads). (E) Percentage of hemisegments
exhibiting each type of cardiac progenitor cell
division defect in embryos that are wild type or
homozygous for the cas24
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Cas Prevents Subsets of Cells in the Anterior 
Aorta From Being Specified as Svp-CCs  

Consequently, defects in each of these three types of cardiac progenitor cell divisions (asymmetric,
symmetric, and earlier) can be distinguished on the basis of appropriate changes in Tin-CC, Svp-CC,
and Svp-PC numbers in a hemisegment (Ahmad et al., 2012; Ahmad et al., 2014).

Figure 1. Schematic showing cell lineage relationships in a wild-type Drosophila embryonic
heart and the phenotypes due to defects in cardiac progenitor cell division. Each hemisegment
of a wild-type Drosophila heart consists of two Svp-expressing cardial cells (Svp-CCs, yellow), four
Tin-expressing cardial cells (Tin-CCs, green), two Svp-expressing pericardial cells (Svp-PCs, red) and
several other types of pericardial cells (not shown). Two asymmetric progenitor cell divisions are
responsible for the production of all the Svp-expressing heart cells in a hemisegment, with each
division generating one Svp-CC and one Svp-PC. In contrast, a pair of symmetric cell divisions gives
rise to the four Tin-CCs. Furthermore, an earlier round of cell division ensures that only two Svp
progenitors are present in a hemisegment, thereby giving rise to four Svp-CCs and Svp-PCs.

Since the developmental processes mediating heart development and the genes and proteins
underlying them are conserved between vertebrates and Drosophila melanogaster, (Bodmer and
Venkatesh, 1998; Cripps and Olson, 2002; Olson, 2006; Tao and Schulz, 2007; Bodmer and
Frasch 2010; Meganathan et al., 2105; Vogler and Bodmer, 2015; Ahmad, 2017), functional
analysis of the Drosophila orthologs of vertebrate cardiogenic genes are likely to shed light on
related molecular mechanisms and genetic pathways controlling heart development in humans.
Mutations in the human zinc-finger transcription factor-encoding gene CASZ1 are associated with
cardiac abnormalities or defects such as dilated cardiomyopathy, ventricular septal defect, and left
ventricular noncompaction cardiomyopathy (Huang et al., 2016; Qiu et al., 2017; Guo et al.,
2019). Disruption of the orthologs of CASZ1 in Xenopus and mice also lead to aberrant heart
development, indicating its conserved role in cardiogenesis (Christine and Conlon, 2008; Liu et
al., 2014). Relatively little is known, however, about specific cardiogenic processes mediated by
CASZ1.

Our initial phenotypic analysis of a null mutation of castor (cas), the Drosophila ortholog of
CASZ1, show that cas has two distinct roles in cardiogenesis. First, cas is required for mediating
all three categories of cardiac progenitor cell division: asymmetric, symmetric, and cell divisions at
an earlier developmental stage. Second, cas prevents subsets of cells in the most anterior region
of the heart, the anterior aorta, from becoming specified as seven up-expressing cardial cells
(Svp-CCs). Finally, we present a hypothesis to potentially explain the repression of Svp-CC
specification in the anterior aorta by cas. Figure 3. Cas represses Svp-CC identity in the anterior aorta.

(A) A heart from a wild-type embryo bearing one copy of the svp-lacZ enhancer trap. No svp-lacZ
expression was detected in the anterior aorta (bracket) of this heart or 20 other wild-type hearts that
were examined. (B-C) Hearts from embryos homozygous for the cas24 null mutation (and also carrying
one copy of the svp-lacZ enhancer trap) exhibiting ectopic svp-lacZ expression Svp-CC (arrows)
characteristic of Svp-CCs in the anterior aortas (brackets). Similar ectopic expression of svp-lacZ in the
anterior aortas was detected in 5 out of 12 embryos that were homozygous for the cas24 mutation.
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Conclusions and Future Experiments
Cas is required for mediating all three types of cardiac progenitor cell divisions: asymmetric, symmetric, and
earlier. Interestingly, cas also prevents subsets of cells in the anterior aorta from being specified as Svp-CCs.

Svp-CCs are present in the posterior aorta and the even more posterior heart proper, regions of the heart
determined by the expression of the homeotic Hox genes Ultrabithorax (Ubx) and abdominal A (abd-A)
(Perrin et al., 2004). Intriguingly, both Ubx and abd-A repress cas, and ectopic expression of either of these
two Hox genes in the anterior aorta leads to the ectopic specification of Svp-CCs there (Perrin et al., 2004;
Ahn et al., 2010). Collectively, these data raise the possibility that that Ubx and abd-A specify Svp-CCs in the
posterior aorta and the heart proper by repressing cas in those regions. In contrast, in the anterior aorta, in
the absence of both Ubx and abd-A, cas levels may be sufficiently high to repress the Svp-CC fate. We
intend to test this hypothesis.
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Variable Df SS MS F p
Type 2 2.190 2.266 2.266 0.112
Group 1 26.962 27.891 27.891 1.59e-06
Type vs 
Group

2 2.278 2.357 2.357 0.103

Residuals 65 0.967
Table 1. Two-way ANOVA for cell division error types between castor mutant embryos 
and wild type embryos.

Variable Df SS MS F p
Type 2 9.39 4.694 2.466 0.1

Residuals 33 62.83 1.904

Cas is Required for Mediating All Three Types of 
Cardiac Progenitor Cell Divisions

Table 3. One-way ANOVA for cell division errors between castor mutant embryos 
cell division types.

Variable Diff Lwr Upr p

Wild vs Mutant -1.222 -1.691 -0.7535 2e-06
Table 2. Tukey-HSD for cell division errors between castor mutant embryos and wild 
type embryos.


