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Abstract Rice (Oryza sativa) is one of the important global food crops, and the increase in its yield is of great significance for
ensuring food security and alleviating the food crisis. This study analyzes the research progress and application of molecular breeding
in improving rice yield. By revealing the potential role of key yield related genes in improving rice yield and quality, molecular
breeding technologies such as marker assisted selection (MAS), genome selection (GS), genetic engineering, and CRISPR/Cas9 are
introduced. The principles, applications, and successful cases of these technologies in rice breeding are discussed. In addition, this
study also delves into the functional characteristics, gene expression research, functional genomics methods, and strategies and
challenges of integrating yield related genes into breeding plans. By summarizing the successful experience, lessons learned, and best
practices of molecular breeding in improving rice yield, the aim is to provide valuable reference and inspiration for future rice
breeding work, and promote innovation and development in rice breeding work.
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1 Introduction
Rice (Oryza sativa) is a staple food for more than half of the world's population, making it a critical crop for
global food security. The continuous increase in the global population necessitates the enhancement of rice yield
to meet the growing food demand. Traditional breeding methods have significantly contributed to yield
improvements; however, the advent of molecular breeding offers new avenues to further enhance rice productivity
by targeting specific yield-related genes.

The importance of improving rice yield cannot be overstated. Rice production has seen a steady increase during
the Green Revolution, but the rate of yield growth has slowed in recent decades. This slowdown poses a
significant challenge as the population in major rice-consuming countries continues to grow at a rate of more than
1.5% per year (Jeon et al., 2011). Enhancing rice yield is essential not only to meet the food demands of a
burgeoning population but also to ensure food security in the face of global climate change and other
environmental stresses (Nutan et al., 2020). High-yielding rice varieties are crucial for sustaining the world's food
supply and addressing the challenges posed by limited arable land and water resources (Sakamoto and Matsuoka,
2008; Xu et al., 2016; Singh et al., 2022).

Molecular breeding involves the use of genetic and genomic tools to identify and manipulate genes associated
with desirable traits, such as yield, in crop plants. This approach has revolutionized rice breeding by enabling the
precise selection and combination of beneficial alleles (Ikeda et al., 2013). Techniques such as marker-assisted
selection (MAS), quantitative trait locus (QTL) mapping, and genome editing (e.g., CRISPR/Cas9) have been
employed to enhance rice yield by targeting key genes involved in grain number, grain size, and plant architecture
(Singh et al., 2022). For instance, the identification and manipulation of genes like OsSPL16/qGW8 have shown
significant potential in increasing grain size and overall yield (Usman et al., 2020). Additionally, the integration of
omic data, such as transcriptomics and metabolomics, has further improved the predictability and efficiency of
hybrid yield prediction (Xu et al., 2016).
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This study comprehensively reveals the key yield related genes of rice and their roles in molecular breeding,
summarizes the current understanding of the genetic and molecular mechanisms of yield related traits in rice,
focuses on the latest progress of molecular breeding technology and its application in rice yield increase, and
discusses the potential challenges and future directions in the field of rice molecular breeding. Molecular breeding
provides a promising approach for achieving a significant increase in rice yield. By utilizing knowledge of key
yield related genes and advanced breeding techniques, we hope to develop high-yield rice varieties that can meet
future food needs and contribute to global food security, making significant contributions to global food security.

1 Key Yield-Related Genes in Rice
1.1 Grain number and size genes
In the field of molecular breeding, the increase in rice yield is often closely related to the discovery and utilization
of key yield related genes. These genes regulate the growth and development process of rice, thereby affecting its
yield. The Gn1a gene is closely related to the number of grains in rice. Through research, it has been found that
the protein encoded by Gn1a plays an important role in the development of rice meristem, affecting panicle
branching and spikelet number. The mutation of Gn1a leads to higher grain count and significantly contributes to
the heavy panicle phenotype of hybrid rice (Li et al., 2016; Wang et al., 2018).

The GS3 gene is a key gene that controls rice grain type and weight. Research has shown that GS3 encodes a
transmembrane protein, and its domain variation significantly affects the grain length, width, and weight of rice.
GS3 is a major quantitative trait locus (QTL) for grain length and weight. The mutation of GS3 leads to larger
grain size and weight, making it a key gene in improving grain size in rice breeding programs (Li et al., 2016;
Wang et al., 2018; Mao et al., 2021).

1.2 Panicle architecture genes
The DEP1 gene is an important gene that affects the structure of rice panicles. Mutations in this gene can lead to
changes in the structure of rice panicles, such as an increase in grain number and a reduction in panicle length.
These changes help to increase the yield of rice. DEP1 affects the structure of panicles by enhancing meristem
activity, making them dense and upright with an increase in grain number. This gene is widely used in high-yield
rice varieties(Huang et al.,2009; Li et al., 2016; Mao et al., 2021).

In molecular breeding, rice varieties with excellent panicle structure can be cultivated by utilizing mutants of the
APO1 gene, thereby achieving an increase in yield. APO1 and APO2 regulate spike size and grain number by
regulating meristem activity. The LARGE2-APO1/APO2 regulatory module is crucial for controlling these traits,
making it a promising target for improving rice yield (Figure 1) (Huang et al., 2021).

Huang et al. (2021) revealed a genetic interaction between the LARGE2 gene and the panicle structure genes
APO1 and APO2, which affect the size of rice panicles. Through mutations in the APO1 gene (APO1 cri) and
LARGE2 gene (large2-3) (Figure 1), significant changes were observed in the primary and secondary branches of
rice panicles, as well as the number of grains per panicle. This indicates a genetic interaction between LARGE2
and APO1, which jointly regulate spike development. This discovery is of great significance for understanding the
molecular mechanism of rice yield formation and future genetic improvement.

1.3 Grain weight and quality genes
GW2 is a key gene that determines the grain weight of rice, and its regulation has a significant impact on rice yield.
The protein encoded by the GW2 gene plays an important role in cell division and growth. By regulating the
expression of this gene, it can effectively change the grain weight of rice. The role of this gene in grain weight
makes it a key goal of breeding programs aimed at improving rice yield (Singh et al., 2022).

The Wx gene is related to the quality of rice, especially the content of amylose. Although the Wx gene is mainly
related to the starch quality and glutinosity of rice, it also indirectly affects the yield of rice. The protein encoded
by the Wx gene is a key enzyme in the starch synthesis process, and its mutation can cause changes in the starch
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composition of rice, thereby affecting the quality and yield of rice, making it an important factor in improving
quality in rice breeding (Singh et al., 2022).

Figure 1 LARGE2 genetically interacts with APO1 and APO2 to control panicle size (Adopted from Huang et al., 2021)
Image caption: A: Panicles of ZHJ, large2-3, APO1-cri, and APO1-cri large2-3 at the mature stage; B-D: Number of primary
branches; B: Number of secondary branches; C: and grain number per panicle; D: of ZHJ, large2-3, APO1-cri, and APO1-cri large2-3
panicles (n≥16). E: Panicles of KY131, large2-1, ssc, and ssc large2-1 at the mature stage; F-H: Number of primary branches; F:
Number of secondary branches; G: Grain number per panicle (H) of KY131, large2-1, ssc, and ssc large2-1 panicles (n≥16). Values
(B-D, F-H) are given as mean±SD (Adopted from Huang et al., 2021)
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2 Molecular Breeding Techniques
2.1 Marker-assisted selection (MAS)
Marker-Assisted Selection (MAS) is a molecular breeding technique that utilizes DNA markers linked to specific
genes or quantitative trait loci (QTLs) to select desirable traits in breeding populations. This method allows for the
precise identification and incorporation of genes associated with resistance to biotic and abiotic stresses, as well as
improved agronomic traits. MAS can be combined with conventional breeding approaches to enhance the
efficiency and accuracy of developing high-yielding, stress-resistant rice cultivars (Jena and Mackill, 2008;
Ludwików et al., 2015; Das et al., 2017).

MAS has been successfully employed in rice breeding to integrate multiple resistance genes into elite cultivars.
For instance, the pyramidization of genes conferring resistance to blast, bacterial blight, and submergence has led
to the development of rice varieties with broad-spectrum resistance and improved yield stability (Jena and Mackill,
2008; Ludwików et al., 2015; Das et al., 2017). Additionally, MAS has facilitated the stacking of multiple QTLs
for stress tolerance, resulting in rice lines that exhibit enhanced resistance to salinity, drought, and other
environmental stresses (Ludwików et al., 2015; Das et al., 2017).

2.2 Genomic selection (GS)
Genomic Selection (GS) is a breeding method that uses genome-wide markers to predict the breeding value of
individuals in a population. Unlike MAS, which targets specific genes, GS incorporates all marker information
into the prediction model, capturing the effects of numerous small-effect QTLs. This approach improves selection
accuracy, reduces phenotyping costs, and accelerates the breeding cycle, making it particularly effective for
improving complex quantitative traits such as yield (Heffner et al., 2009; Grenier et al., 2015; Spindel et al., 2015;
Budhlakoti et al., 2022).

GS has shown promising results in rice breeding programs. For example, studies have demonstrated that GS
models can achieve high prediction accuracies for traits such as grain yield, plant height, and flowering time. The
integration of GS with genome-wide association studies (GWAS) has further enhanced the understanding of the
genetic architecture of these traits, leading to more effective breeding strategies (Grenier et al., 2015; Spindel et al.,
2015; Budhlakoti et al., 2022). Additionally, GS has been successfully applied in recurrent selection programs,
resulting in significant genetic gains in rice populations (Grenier et al., 2015).

2.3 Genetic engineering and CRISPR/Cas9
Genetic engineering and CRISPR/Cas9 are powerful tools for precise gene editing in rice. CRISPR/Cas9, in
particular, allows for targeted modifications of specific genes, enabling the introduction of desirable traits or the
removal of deleterious alleles. This technique offers a high degree of precision and efficiency, making it a
valuable tool for enhancing rice yield and stress tolerance (Jena and Mackill, 2008; Das et al., 2017).

CRISPR/Cas9 has been employed to edit key yield-related genes in rice, resulting in significant improvements in
grain yield and quality. For instance, targeted modifications of genes involved in plant architecture, grain size, and
stress response have led to the development of rice varieties with enhanced yield potential and resilience to
environmental stresses. These advancements highlight the potential of gene editing technologies to revolutionize
rice breeding and contribute to global food security (Jena and Mackill, 2008; Das et al., 2017).

Molecular breeding techniques such as MAS, GS, and CRISPR/Cas9 play a crucial role in enhancing rice yield by
enabling the precise selection and modification of key yield-related genes. These approaches offer significant
advantages in terms of accuracy, efficiency, and the ability to address complex traits, thereby contributing to the
development of high-yielding, stress-resistant rice cultivars.

3 Functional Characterization of Yield-Related Genes
3.1 Gene expression studies
RNA-Seq and transcriptomic analyses have been pivotal in identifying and characterizing yield-related genes in
rice. For instance, the study by Wei et al. (2022) utilized transcriptomic data to identify the transcription factor
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OsDREB1C, which enhances photosynthetic capacity, nitrogen utilization, and flowering time, leading to
significant yield increases. Similarly, the expression profiling of yield-related genes under various developmental
stages and abiotic stress conditions has provided insights into the genetic reprogramming involved in yield traits
(Tripathi et al., 2012). These studies highlight the importance of RNA-Seq in understanding the molecular
mechanisms underlying yield improvement.

Quantitative real-time PCR (qRT-PCR) is often used to validate the expression levels of key yield-related genes
identified through RNA-Seq. For example, the expression of selected yield-related genes was analyzed by
qRT-PCR under abiotic stress conditions, revealing tight transcriptional regulation and stress-responsive
expression patterns (Tripathi et al., 2012). This method has also been employed to confirm the overexpression of
specific genes, such as OsmiR397, which increases grain size and promotes panicle branching, thereby enhancing
overall grain yield (Wang and Ortigosa, 2013).

3.2 Functional genomics approaches
Mutant analysis has been instrumental in elucidating the functions of yield-related genes. Various mutants have
been studied to characterize genes involved in yield traits, such as tiller number, grain number, grain size, and
plant height (Sakamoto and Matsuoka, 2008). The identification and functional characterization of these mutants
have provided valuable insights into the genetic basis of yield traits and have facilitated the compilation of a list of
genes available for breeding high-yielding rice varieties (Ikeda et al., 2013).

Overexpression and knockdown studies are powerful tools for functional genomics. Overexpression of specific
genes, such as OsDREB1C, has been shown to significantly increase grain yield (Figure 2) and improve nitrogen
use efficiency (Wei et al., 2022). Similarly, the overexpression of microRNA OsmiR397 has been reported to
enhance grain size and panicle branching, leading to a 25% increase in grain yield (Wang and Ortigosa, 2013).
Knockdown studies, on the other hand, help in understanding the loss-of-function effects of yield-related genes,
providing a comprehensive view of their roles in yield enhancement.

Wei et al. (2022) found that overexpression of the OsDREB1C gene significantly increased yield in transgenic rice.
Key genes upregulated under nitrogen deprivation conditions were identified through RNA seq and qRT PCR
analysis. The field experiment results showed that compared with the wild type, transgenic plants increased in
yield, number of grains per spike, straw weight, and harvest index (Figure 2). These findings provide new
strategies for improving crop yields through genetic engineering, which can help address the challenges of global
food security.

The functional characterization of yield-related genes through gene expression studies and functional genomics
approaches has significantly advanced our understanding of the molecular mechanisms underlying yield traits in
rice. These insights are crucial for developing molecular breeding strategies aimed at enhancing rice yield.

4 Integrating Yield-Related Genes into Breeding Programs
4.1 Pyramiding multiple yield genes
Pyramiding multiple yield-related genes involves combining several beneficial alleles into a single genotype to
enhance rice yield. This strategy leverages the cumulative effects of multiple quantitative trait loci (QTLs) to
achieve superior performance. Marker-assisted selection (MAS) is a common approach used to facilitate the
pyramiding process by identifying and selecting desirable alleles at each generation (Guo and Ye, 2014). However,
challenges include the complexity of interactions between different QTLs, the need for precise phenotyping, and
the potential for negative epistasis where the combined effect of multiple genes is less than their individual effects
(Zong et al., 2012; Huang et al., 2016).

Several successful examples of gene pyramiding in rice breeding have been documented. For instance, the
pyramiding of eight grain yield-related QTLs resulted in new rice lines with increased panicle and spikelet size,
demonstrating the effectiveness of this approach (Zong et al., 2012). Another study highlighted the pyramiding of
high-yielding npt1 and dep1-1 alleles, which significantly increased rice yield potential (Wang et al., 2017).
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Additionally, the integration of three C4-specific genes (CA, PEPC, and PPDK) into rice plants led to a 12%
increase in grain yield, showcasing the potential of combining multiple genes to enhance photosynthetic
efficiency and yield (Sen et al., 2016).

Figure 2 Overexpression of OsDREB1C in transgenic plants can increase grain yield (Adopted from Wei et al., 2022)
Image caption: A: List of the top 13 genes up-regulated in response to nitrogen deprivation (adjusted P<0.05). The genes represent
the overlap of previously reported RNA-seq datasets (17) and an expression analysis of a subset of 118 rice transcription factors (16),
and were sorted by the fold change in low versus normal nitrogen supply. The color scale represents the log2-fold change of the
FPKM (fragments per kilobase of transcript per million mapped reads) ratio under low- versus high-nitrogen conditions, with the
FPKM value of each gene under high-nitrogen conditions set to 1.00; B: qRT-PCR analysis of Os06 g0127100 expression in
10-day-old O. sativa cv. Nipponbare seedlings grown in soil in a growth chamber under long-day photoperiod (16 hours light/8 hours
dark, 28°C, The white bar below the x-axis indicates the light period, and the black bar indicates the dark period. Data are presented
as means±SD (n = 3 biological replicates). *P<0.05, **P<0.01 compared with the first time point (11:00 p.m.), Student’s t test. C:
Phenotypes of WT and transgenic rice plants grown in Beijing in 2018. (D to H) Yield-related parameters including grain yield per
plant; D: grain yield per plot; E: grain number per panicle; F: straw weight; G: and harvest index; H: The data were obtained from the
field experiment shown in (C). Box plots in (D) and (F) to (H) show median (horizontal lines) and 10th to 90th percentiles, and
outliers are plotted as dots (n = 138 biological replicates). Data in (E) are presented as means±SD (n=3 plots, 44 plants within a plot).
*P<0.05, **P<0.01 compared with WT, Student’s t tests (Adopted from Wei et al., 2022)

4.2 High-throughput phenotyping
High-throughput phenotyping technologies have revolutionized the assessment of yield traits in rice breeding
programs. Advances include the use of remote sensing, imaging technologies, and automated phenotyping
platforms that allow for rapid and accurate measurement of plant traits under field conditions (Swamy and Kumar,
2013). These technologies enable the collection of large datasets, facilitating the identification of phenotypic
variations associated with yield-related genes (Su et al., 2021).

High-throughput phenotyping has been applied to assess various yield traits, such as grain number per panicle,
grain weight, and tiller number. For example, genome-wide association studies (GWAS) combined with
high-throughput phenotyping have identified significant loci for yield component traits, providing valuable
insights for breeding programs (Su et al., 2021). These technologies also support the evaluation of transgenic lines
and QTL introgression lines, ensuring that the desired yield traits are accurately measured and selected (Guo and
Ye, 2014).
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4.3 Field trials and performance testing
Field trials are essential for evaluating the performance of new rice varieties under realistic growing conditions.
The design of field trials should include randomized complete block designs (RCBD) or split-plot designs to
account for environmental variability and ensure robust data collection (Swamy and Kumar, 2013). Implementing
these trials involves selecting appropriate test sites, managing agronomic practices, and monitoring environmental
conditions to accurately assess the performance of yield-related genes (Luan et al., 2019).

Data analysis in field trials involves statistical methods to evaluate the significance of yield differences among
genotypes. Techniques such as analysis of variance (ANOVA), mixed models, and QTL mapping are commonly
used to interpret the data and identify the genetic basis of yield traits (Huang et al., 2016). The integration of
phenotypic and genotypic data allows for the validation of QTL effects and the identification of superior alleles
for breeding programs (Guo and Ye, 2014). Additionally, Mendelian randomization analysis can be employed to
understand the genetic relationships between yield and its component traits, further guiding the selection of
high-yielding genotypes (Su et al., 2021). By integrating these strategies and technologies, rice breeding programs
can effectively harness the potential of yield-related genes to develop high-yielding rice varieties, contributing to
global food security.

5 Case Studies of Molecular Breeding for Yield Improvement
5.1 Successful varieties developed
Several high-yielding rice varieties have been developed through molecular breeding techniques. For instance, the
CRISPR-Cas9 system was employed to edit three key genes, OsPIN5b, GS3, and OsMYB30, resulting in rice
mutants with increased panicle length, enlarged grain size, and enhanced cold tolerance. These mutants
demonstrated higher yields compared to wild types, showcasing the potential of gene editing in developing
high-yielding rice varieties (Zeng et al., 2020). Additionally, the identification and manipulation of genes
regulating agronomically important traits such as tiller number, grain number, grain size, and plant height have
provided tools for tailor-made breeding programs aimed at higher grain yield (Tripathi et al., 2012).

Molecular breeding has also led to the development of rice varieties with enhanced resistance to various stresses.
For example, the RST1 gene, which regulates nitrogen metabolism and salt tolerance, was identified as a
promising candidate for breeding programs aimed at developing rice cultivars with high yield and stress resistance
(Deng et al., 2022). Another study successfully pyramided multiple genes/QTLs for resistance to biotic and
abiotic stresses, resulting in rice lines with high degrees of resistance/tolerance to blast, gall midge, submergence,
and salinity (Ludwików et al., 2015). Furthermore, introgression lines developed in high-yielding, semi-dwarf
genetic backgrounds have shown improved yield under multiple abiotic stresses such as drought, flood, and
temperature extremes (Kumar et al., 2020).

5.2 Lessons learned and best practices
The success of molecular breeding for yield improvement in rice can be attributed to several key factors. First, the
use of advanced genetic tools such as CRISPR-Cas9 has enabled precise editing of target genes, leading to
significant improvements in yield and stress resistance (Zeng et al., 2020). Second, the integration of molecular
marker-assisted selection (MAS) has facilitated the efficient stacking of multiple resistance genes, ensuring
comprehensive stress tolerance in developed varieties (Ludwików et al., 2015). Third, a thorough understanding
of the molecular basis of yield-related traits and their regulation under stress conditions has been crucial for
selecting the right gene combinations for breeding programs (González-Schain et al., 2016; Nutan et al., 2020).

Future breeding efforts should focus on the following recommendations to enhance rice yield and stress resistance:
Continue leveraging CRISPR-Cas9 and other genome editing technologies to target multiple yield-related and
stress-resistance genes simultaneously (Zeng et al., 2020; Altaf et al., 2021). Employ MAS to efficiently combine
multiple resistance genes/QTLs, ensuring comprehensive stress tolerance in new varieties (Ludwików et al., 2015).
Conduct detailed expression profiling of yield-related genes under various stress conditions to identify key
regulatory genes and their interactions (González-Schain et al., 2016; Nutan et al., 2020). Create introgression
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lines in high-yielding, semi-dwarf backgrounds to improve yield under multiple abiotic stresses without
undesirable linkage drag (Kumar et al., 2020). Allocate resources effectively between traditional breeding
methods and modern biotechnological tools to maximize yield improvements (Altaf et al., 2021). By following
these best practices and recommendations, future molecular breeding programs can continue to develop
high-yielding, stress-resistant rice varieties, ensuring food security in the face of global climate change and
increasing population demands.

6 Future Directions and Challenges
6.1 Emerging technologies in molecular breeding
The future of molecular breeding in rice is poised to benefit significantly from emerging technologies. Advances
in genomic tools such as CRISPR-Cas9, marker-assisted selection (MAS), and haplotype-based breeding are
expected to revolutionize rice breeding programs by enabling precise genetic modifications and efficient selection
of desirable traits (Singh et al., 2022). The integration of transcriptomic and metabolomic data has shown promise
in enhancing the predictability of hybrid yield, with methods like LASSO and BLUP demonstrating substantial
improvements in yield prediction (Xu et al., 2016). Additionally, the rational design of rice ideotypes, leveraging
wide-cross compatibility and intersubspecific heterosis, is anticipated to unlock new potentials for high-yield and
superior quality rice varieties (Qian et al., 2016).

6.2 Addressing climate change and food security
Climate change poses a significant threat to rice production, necessitating the development of rice varieties that
are resilient to environmental stresses such as heat, drought, and salinity. Research has identified several
quantitative trait loci (QTLs) and candidate genes associated with heat tolerance, which can be exploited through
marker-assisted breeding to develop heat-tolerant rice cultivars (Raza et al., 2020). Moreover, understanding the
molecular basis of plant architecture and its regulation under stress conditions is crucial for breeding high-yielding
rice varieties that can sustain production under adverse environmental conditions (Nutan et al., 2020). The
systematic evaluation of rice varieties has shown that improvements in yield stability and sensitivity to climate
resources are critical for maintaining or increasing yields under environmental anomalies (Wang et al., 2021).

6.3 Ethical and regulatory considerations
The application of advanced genetic strategies in rice breeding raises important ethical and regulatory
considerations. The use of genetic engineering and genome editing technologies, such as CRISPR-Cas9,
necessitates careful assessment of potential risks and benefits to ensure the safety and acceptance of genetically
modified organisms (GMOs) (Altaf et al., 2021). Regulatory frameworks must be established to oversee the
development and deployment of genetically engineered rice varieties, ensuring that they meet safety standards and
address public concerns. Additionally, ethical considerations related to the equitable distribution of benefits from
these technologies must be addressed to ensure that advancements in rice breeding contribute to global food
security and do not exacerbate existing inequalities (Li and Zhang, 2013).

The future of molecular breeding for enhanced rice yield lies in the integration of emerging technologies,
addressing the challenges posed by climate change, and navigating the ethical and regulatory landscape. By
leveraging these advancements, researchers and breeders can develop high-yielding, resilient rice varieties that
contribute to global food security.

7 Concluding Remarks
This study discusses the key role of molecular breeding techniques in improving rice yield, with a particular focus
on key yield related genes such as Gn1a, GS3, DEP1, APO1, GW2, and Wx. These genes affect yield and quality
by regulating the growth and development process of rice. Molecular breeding techniques such as MAS, GS, and
CRISPR/Cas9 have been widely applied in precision breeding and have achieved significant results. Gene
expression and functional genomics methods contribute to a deeper understanding of gene function. In the future,
it is necessary to further explore the gene network related to yield, utilize high-throughput phenotype technology
and gene editing technology, and strengthen interdisciplinary cooperation to address global food security
challenges.
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With the continuous progress of sequencing technology and the continuous improvement of bioinformatics
analysis methods, rice yield related genes and their regulatory networks can be further explored. The development
of gene editing technology has provided more possibilities for precision breeding. Future research can explore
how to use technologies such as CRISPR/Cas9 to accurately edit and improve key yield genes. In addition, the
application of high-throughput phenotype technology and big data analysis in breeding will also become a future
research hotspot.

Molecular breeding of rice is a complex and intricate process that involves precise regulation and selection of
specific genes. Therefore, future research should focus more on how genes respond to different environmental
pressures, in order to further reveal the adaptive mechanisms of rice. With the continuous advancement of
technology and innovation in methods, it is expected to discover more new yield related genes and regulatory
mechanisms, providing a more solid scientific foundation for molecular breeding of rice.
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