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Abstract: Over the past three decades, Drosophila melanogaster has emerged as a leading model organism to
investigate the regulatory mechanism of heart development. The development process of Drosophila heart
goes through three major stages: embryonic stage, larval stage, and adult stage. In the early embryonic stage,
genes such as Tinman, Dorsocross and Pannier are key regulators. Tinman participates in the earliest differen—
tiation of cardiac precursor cells and the formation of cardiac cells, while Dorsocross and Pannier affect the
directional differentiation of cardiac precursor cells and the formation of cardiac lumens. During the late em—

bryonic and larval stages, the Drosophila heart tube undergoes further development and remodeling, which is
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mainly regulated by multiple transcription factors such as Hand, Mef2, and the Hox gene family. The Hox

gene family and Tinman continue to wield significant influence in the adult stage. Despite morphological

disparities between the fruit fly heart and vertebrate hearts, the early developmental process, regulatory

genes and signaling pathways remain conserved in both. This review encapsulates three decades of research

advances in gene regulation of heart development in D. melanogaster, and also describes the prospects of

using Drosophila model to study heart-related diseases in humans.
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Fig.1 The schematic diagram of heart morphology and structure of D. melanogaster at different stages

(A) Drosophila heart morphology in the embryonic and larval stage. The anterior part is narrower and is called the aorta. The

posterior part is wider and is called the heart proper. The aorta is separated from the heart proper by a valve. Svp cells make up

7 pairs of ostia. Hox gene is expressed in different body segments; (B) Drosophila adult heart morphology. Compared with the em—

bryonic heart, the number of cells in the adult heart is decreased, the number of valves is increased, the number of ostia is re—

duced, and the heart shape is changed. Red arrows indicate the direction of hemolymph flow.
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Fig.2 Gene regulation of cardiac cell formation and differentiation in D. melanogaster

(A) Major genes required for the formation of heart cells. The cardiac mesoderm initially develops from the dorsal mesoderm,

and this process is regulated by ectoderm signals Dpp and Wg, and the cardiac mesoderm is mainly regulated by Tin, Pnr and

Doc; (B) Classification of cardiac cells. Cardiac progenitor cells differentiate into cardioblasts and pericardial cells, and the two

cell types have different gene expression profiles.
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Fig.3 Gene regulation during bilateral cardiomyocyte closure

Cdc42 and Formin affect cardiomyocyte closure by regulating the zipper gene. In this process, Ena and CAP proteins are also

involved in the closure of paired cardiomyocytes. Slit—-Robo signaling pathway and G protein signaling pathway also play impor—

tant roles in cardiomyocyte closure.
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Fig.4 Gene regulation in adult heart structure formation

(A) Differentiation of cardiac portal cells; (B) Differentiation of valve cells; (C) Formation of the cardiac outflow tract; (D) Forma—

tion of alary muscles; (E) Formation of ventral longitudinal muscles.
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Table 1 The genes regulating the development of the Drosophila heart are conserved with the homologous genes in

vertebrates

Drosophila Vertebrate

Function

Tin Nkx2.5 Specified differentiation of cardiac precursor cells™ *!
Mef2 Mef2 Regulation of cardiomyocyte differentiation”

Hand Hand1/2 Regulation of cardiomyocyte differentiation*™

Pnr Gatad/5/6 Regulation of cardiomyocyte differentiation® ™

Dpp BMPs Mesoderm migration" ™

Wg Wnt Mesoderm migration™ ™

Doc Thx5/6 Specified differentiation of cardiac precursor cells
Hh Shh Specified differentiation of cardiac precursor cells
Lb Lbx1/2/3 Myocardial cell diversification®

Mid & H15 Thx20 Myocardial diversification and differentiation

Sur Surl/2 ATP-sensitive potassium channel-associated gene
Tup Isl1 Specification of myocardial and pericardial cells!
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