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Table 1 Cloned loci for hybrid incompatibility between indica and japonica subspecies in rice
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Indica and japonica are two important subspecies of Asian cultivated rice (Oryza sativa L.), exhibiting significant
differences in morphology, physiological traits, and ecological adaptability. The utilization of inter-subspecific heterosis is
a pivotal strategy for enhancing large-scale yield and ensuring national food security in China. Over the past seventy years,
Chinese rice breeders have systematically advanced the development of indica-japonica hybrid breeding, progressing from
theoretical exploration and technological breakthroughs to large-scale commercial application. From Professor Shouren
Yang’s foundational research on indica-japonica hybridization in the 1950s, through Professor Longping Yuan’s
refinement of heterosis utilization strategies, to the incorporation of modern molecular breeding technologies in the 21st
century, indica-japonica hybrid breeding has transformed from empirical selection to precision-oriented innovation. The
elucidation of genetic mechanisms underlying inter-subspecific reproductive isolation, regulation of plant architecture,
growth duration, and flowering time-related traits has provided a robust theoretical framework for overcoming
hybridization barriers and enhancing breeding practices. Regarding reproductive isolation, six major sterility loci have
been cloned from indica-japonica hybrid populations, including Sa, Sc, Se/RHS12/pf12, DPL1/DPL2, S5, and S7.
Additionally, to tackle cross-incompatibility in distant interspecific hybridization, researchers have successfully cloned a
series of loci-such as S1, S22, S44, S13, DGS1/DGS2, gHMS7, gHMS1, S27/S28 and ESA1from progeny derived from
crosses between various wild rice species or African cultivated rice and Asian cultivated rice. These findings provide
important theoretical bases and genetic resources for breaking interspecific reproductive barriers and expanding the genetic
diversity of cultivated rice. Furthermore, key genes regulating plant architecture and yield have been continuously
identified, including sd1 (semi-dwarf 1) and IPA1 (ideal plant architecture 1), which play central roles in balancing plant
height, tillering, and panicle development. In terms of breeding practice, China has achieved remarkable progress. Since
the introduction of the first nationally approved indica-japonica hybrid rice variety ‘Yongyou 6’ in 2005, nearly 200
varieties have been registered. The Yongyou, Chunyou, and Zhonghui 575 series have become representative varieties,
positioning Zhejiang Province as the core advantageous region for indica-japonica hybrid rice breeding. Despite these
achievements, several critical challenges remain: strong photoperiod sensitivity resulting in delayed maturity; poor grain
filling and low head rice yield; homogeneous grain types; high disease susceptibility; low seed production efficiency; and
inadequate stress tolerance. These bottlenecks constrain further expansion of planting area and yield potential. To address
these challenges, future strategies will focus on: (1) identifying and integrating elite genes for stress tolerance, grain quality,
and flowering time; (2) developing modular molecular breeding systems; (3) optimizing seed production technologies;
(4) diversifying grain types and developing ecologically adapted varieties; (5) strengthening research on regional
adaptability. By integrating modern biotechnology with conventional breeding, indica-japonica hybrid rice will continue to
evolve, providing sustained support for national food security and high-quality agricultural development.
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