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Abstract. As one of the world's major food crops, the research and improvement of rice traits and breeding have always been a field of concern in agricultural science. Since the 20th century, the increasingly mature gene editing technology, from ZFNs technology to CRISPR, has been increasingly applied in the improvement of rice varieties. This research summarizes some application methods of gene editing technology, mainly CRISPR technology, in rice variety improvement by summarizing relevant articles, such as cutting, knocking out, or precise replacement of specified genes; And other related biotechnology that can be combined with CRISPR technology in the practical application of rice gene editing were introduced, including but not limited to subcellular localization analysis, gene overexpression technology, and a collection of gene diagnosis and editing. Meanwhile, for some of the remaining issues with CRISPR technology, such as gene deletions, accidental insertions, and chromosomal aberrations caused by target DNA sequence disruption, a comprehensive evaluation of the effectiveness of gene editing is conducted through composite analysis of clone gene typing, PCR related detection, single molecule real-time sequencing, and long amplicon sequencing. This research aims to summarize the current applications and challenges of gene editing technology in rice trait research and variety improvement, and to provide prospects for its integration with other biotechnology.
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1. Introduction
As one of the world's major food crops, alongside wheat and corn, rice provides a source of food for nearly 50% of the world's population. From the breeding of wild rice by ancient people thousands of years ago, to the first-time rice was sent into space in 1987 for genetic variation through a special space environment, and now to gene editing technology, as the foundation of rice cultivation and agriculture, research on rice traits and attempts to improve breeding have never stopped. However, traditional breeding methods are time-consuming, labor-intensive, highly uncontrollable, and inefficient. Traditional transgenic technology involves implanting exogenous DNA sequences into plant genes to transmit their characteristics or attributes to the next generation of plants. Although it achieves precise breeding, it is also limited by laws and concepts, making it difficult to form a large-scale industry. In recent years, gene editing technology, mainly CRISPR technology, has been increasingly used for trait research and breeding improvement of crops, including rice. It is more precise and efficient than traditional genetically modified methods, and can precisely change genes at specific positions in the genome, destroy certain genes or change their positions, achieving the goal of improving crop yield, characteristics, and resistance without introducing foreign DNA.
In the 1970s, scientists discovered in their research on bacterial defense against bacteriophages that restriction endonucleases can protect bacteria from being invaded by bacteriophages. As a result, scientists discovered the possibility and method to edit the genome based on the endonuclease mechanism. Later In 1984, scientists discovered zinc finger protein in the transcription factors of African Xenopus, which was artificially modified and linked to endonucleases to develop the Zinc Finger Nuclease (ZFN) technology, though it had many shortcomings at that time like low integration efficiency and be easy to target off. In 2007, a special secreted protein was discovered in Xanthomonas plants, known as the Transcription Activator Like Effector (TALE). This protein has the ability to bind to the plant host genome and activate transcription. In 2009, the mechanism of TALE binding to DNA was elucidated, consequently transcription activator like effector technology emerged later, gradually replacing zinc finger nuclease technology [1].
ZFNs and TALENs technologies have improved the efficiency of gene knockout and editing, but new proteins need to be redesigned for different loci in the genome, which is cumbersome and has a high technical threshold, limiting the application and promotion of gene editing technology. After experiencing the development of the first two stages of gene editing technology, the third-generation gene editing technology developed from CRISPR, which was first discovered in bacteria, has greatly reduced the operational difficulty of gene editing technology and made up for the related defects of the previous generation gene editing technology due to its multiple Cas enzyme proteins and PAMs sequence localization mechanisms. Since its birth in 2012, it has rapidly developed into the mainstream gene editing technology used today.
This research summarizes and analyzes relevant articles, briefly describes the examples of gene editing technology mainly based on CRISPR technology applied in rice trait research and variety improvement, and points out some existing problems and corresponding effective detection methods. In addition, this article also summarizes other biotechnology that can be combined with gene editing techniques in rice trait research and variety improvement.
2. Application of gene editing technology in rice
2.1. Gene editing technology in rice traits
2.1.1 Genes related to drought resistance
As a mapping gene for rice chloroplasts, the OsSP1 gene also has the ability to respond significantly to drought stress on plants. In order to further determine its impact on the drought resistance of rice during growth, researchers used CRISPR technology to construct rice plants with OsSP1 gene mutations. After analyzing the coding sequence of the OsSP1 gene, two 20 bp target sequences were selected based on the position of the exon, and the corresponding targets were amplified using PCR technology using the pYL-OsU gRNA plasmid as a template. The amplification products of each target are approximately 15 ng, mix with the enzyme cleaved CRISPR/Cas9 vector and connect the sgRNA expression box into the Cas9 vector.
Using gene overexpression technology, homozygous OsSP1 gene overexpressing plants with single gene insertion were obtained through HPT sequence amplification and hygromycin screening. After conducting planting experiments, two types of rice were collected and compared with the wild type. The results of phenotype comparison, chlorophyll content determination, hydrogen peroxide determination, and drought resistance analysis showed that overexpression of the OsSPL gene had no significant effect on rice growth and drought stress resistance. However, after gene editing caused mutations in the OsSPL gene, rice growth and fruiting were severely affected. Under normal growth conditions, T and T, both heterozygous and homozygous gene edited plants exhibit growth inhibition phenotypes such as dwarfism, yellowing, premature senescence, and non tillering [2].
2.1.2 Genes related to the biosynthesis of rice ABA and salt stress tolerance
Vitilin de epoxidase (VDE) plays an important role in the biosynthesis of abscisic acid (ABA) in plants. In order to investigate whether the OsVDE gene in rice regulates the biosynthesis of rice ABA and salt stress tolerance, researchers used overexpression technology to generate OsVDE overexpressing strains, and used CRISPR Cas9 technology to genetically edit the OsVDE gene in rice plants. The overexpressing strains (OE OsVDE) and CRISPR Cas9 mediated homozygous transgenic strains (C-OsVDE) maintained a constant temperature (28℃) in the controlled growth chamber and relative humidity (60%). Cultivate 2-week-old rice seedlings in a medium under 1/2 MS salt stress (150 mM sodium chloride) and drought stress (20% PEG6000). Take the above ground tissues of rice seedlings at different time points, freeze them in liquid nitrogen, and store them at -80 ℃ to extract total RNA. 
Using the MixI was reverse transcribed to obtain cDNA, and then qRT PCR was performed to ensure that each sample had 3 biological replicates. The overexpression, gene editing, and wild-type were compared, and it was found that under salt and drought stress environments, the ABA level, stomatal closure rate, and survival rate of gene edited seedlings were higher than those of wild-type. QRT PCR analysis showed that OsVDE negatively regulates the expression of OsNECD2/4/5, ABA biosynthesis, and salt stress tolerance in rice seedlings [3].
2.1.3 Genes related to nutritional response and root related tissue growth of rice
NRR gene is for multi acting gene responsible for rice nutritional response and root related tissue growth, which can directly regulate rice root growth and participate in starch synthesis in nutrient tissues. Relevant personnel used CRISPR technology to knock out the NRR gene and study its effect on rice root growth. In the process of designing plant expression vectors, researchers confirmed that the designed vectors contain Cas9 expression boxes driven by Ubi4 promoter and gRNA expression boxes driven by rice U3 promoter. Using Asc1 and Pme1, the gRNA expression cassette containing NRR gene target was loaded into the expression vector and transferred into Agrobacterium strains. 
Place sterilized rice seeds on induction medium and induce callus tissue by dark culture at 28 ℃. After infecting rice callus tissue with Agrobacterium, 2-3 cm seedlings were differentiated, and single seedlings were selected for rooting culture. After 15 days of cultivation in various nutrient conditions (nitrogen phosphorus potassium, no nitrogen, no phosphorus, no potassium, no nitrogen phosphorus, and no nitrogen phosphorus potassium), samples were taken to observe the root phenotype. The length of the longest root was measured with a ruler, and the number of roots per plant was counted. A certain number of roots were taken from each plant, and the surface water was absorbed with absorbent paper. The fresh weight of the roots was immediately weighed and repeated several times. 
The data shows that the root growth of NRR knockout mutants is significantly faster than that of the wild-type under various nutritional conditions. The average main root length, number of roots per plant, and fresh weight of roots per plant of the mutant plants are significantly higher than those of the wild-type plants. The fresh weight of roots per plant is 2-3 times that of the wild-type plants, indicating that knocking out the NRR gene can significantly improve rice root growth [4].
2.1.4 Transgenic testing and research on genes related to the height of rice plants
Applying chemical fertilizers is an effective way to increase rice yield, and nitrogen fertilizer, as a commonly used fertilizer type, can lead to longer rice stems and increased plant height. Existing research has shown that the sd1 gene triggers a semi dwarf mutation, which can be used to control the height of rice plants to improve their survival rate and yield under natural disasters. 
To analyze the transgene free of the sd1 mutated rice line, researchers used K-15 sd1 mutant lines and corresponding wild-type varieties generated from previous studies as experimental materials to identify the occurrence of frameshift mutations and conduct transgene free analysis. Inserting 2-base adenine into the K15 mutant rice cv, transforming the mutated sd1 gene into an amino acid sequence, and identifying the frameshift mutation. Use online analysis tools to input the mRNA sequence of the sd1 gene mutant from K15 strain and analyze it. Through this program, the occurrence of frameshift mutations was detected and signs of early termination of codon formation were discovered. DNA samples of K15 mutant line and control were digested by EcoRI, separated by agarose gel electrophoresis, denatured, imprinted on nylon membrane, and hybridized with digoxigenin labeled hptII probe. Detection was performed using anti digoxin antibodies and chemiluminescent substrates bound to alkaline phosphatase, capturing the light signal on X-ray film, followed by data analysis to detect the presence of HPT bands in the K15 mutant genome.
The analysis results indicate that there is no hptII sequence in the rice line with K-15sd1 mutation. No hptII, cas9 were detected in the mutant rice line, and the same results were obtained in PCR analysis, indicating that the K15 mutant rice line does not contain transgenic genes for hptII and cas9. The semi dwarfing mutation caused by the sd1 gene can be applied to actual planting [5].
2.1.5 Optimizing CRISPR technology to increase accuracy and success rate
One of the ideal ways for crop breeding is to precisely replace the alleles of inferior varieties with superior alleles in existing agricultural crop varieties. To accurately replace the Japonica NRT1.1B with a mutated version, researchers constructed a CRISPR/Cas9-DRT plasmid that can simultaneously express Cas9 and two sgRNAs. The plasmid can produce DSBs at two target genomic sites and release a DRT from the plasmid. The plasmid pCXUN Cas9 gRNA1 gRNA2 armed donor contains all components of HDR. In order to improve the success rate and accuracy of allele replacement, researchers targeted different DNA strands with sgRNA1 and sgRNA2 during the design process to reduce non-homologous sequences at the DRT end. Secondly, the original spacer adjacent motif (PAM) site in the core sequence of DRT (251 bp) was mutated to prevent Cas9/gRNAs from cleaving DRT after successful HDR. To ensure sufficient DRT for HDR, plasmids and free DRT were introduced into 291 rice.
Transfer the anti-hygromycin callus tissue to the regeneration medium. Extract the DNA of regenerated plants from each callus tissue for PCR and restriction endonuclease digestion experiments, transfer all plants with different PCR-RE results from the wild-type to the soil, and perform sequencing. The final observation statistics showed that 6.72% (15/223) of the transformed plants had the expected precise HDR event. As expected, the majority (48.4%) experienced mutations through NHEJ [6].
2.2. Current problems and corresponding effective detection methods
One of the crucial step of the gene editing by CRISPR/Cas9 technology is complete the destruction of target DNA sequences or provide a basis for subsequent insertion and correction through homology-directed repair and non-homologous end joining. However, according to recent research, in addition to small insertions and deletions, CRISPR/Cas9 also frequently undergoes unexpected targeted large gene modifications, including unexpected large-scale deletions (≥200 bp), insertions (≥50 bp), and total chromosomal aberrations as figure shows in the use of large gene modifications.
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Figure 1. Schematics of on-target adverse outcome [7]
Different methods like clonal genotyping, droplet digital PCR copy number quantification, single-molecule real-time sequencing with unique molecular identifier, and long-amplicon sequencing assay can be used to comprehensively analyze the DSB repair comes from Cas9 cutting with different sgRNAs, as shown in Fig. 1. The single-molecule real-time sequencing with unique molecular identifier found that high-frequency, diverse LDs up to 5 kb, large insertions up to 1 kb and complex local chromosomal rearrangement in HSPCs and primary T cells, and the rate of LDs that previously missed by S-R NGS had reached 35.4%. Moreover, problems like deletions, insertions and chromosomal aberrations that possibly lead to data misinterpretation, reduced efficacy, and potential safety concerns in therapeutic gene editing are undetectable by standard assays based on short-range PCR. Consequently, multiple approaches are used to detect the large gene modifications. For example, in the identification of LOH in induced pluripotent stem cell (iPSC) clones, researchers used a combination of three assays, S-R NGS, clonal genotype by long-range PCR, ddPCR, to genotype beta-globin gene [7].
3. Biotechnology combined with gene editing technology
3.1. Combined with subcellular localization technology
The height of rice plants is one of the key factors affecting the photosynthetic efficiency, lodging rate, and yield of rice. In the process of cultivating suitable height rice varieties that balance yield and lodging resistance, relevant researchers have studied the regulatory effect of class III peroxidase gene IPH1 on rice plant height. Researchers identified an IPH1 mutant with increased plant height in the mutant library, obtained domain information and homologous protein sequences of the variety using the Blast tool in the NCBI database, and then extracted RNA for reverse transcription to generate cDNA and amplification, which was compared with the corresponding data extracted from the wild-type. Based on the above bioinformatics analysis results, design corresponding CRISPR/Cas9 expression targets and PAMs, and use CRISPR technology to knock out target gene fragments to obtain IPH1 gene knockout mutants. In the subsequent phenotypic observation of planting, the height of the mature mutant was significantly higher than that of the wild type. 
In order to determine the expression of the IPH1 gene in various tissues of rice, researchers used cDNA from wild-type roots, stems, leaves, sheaths, and panicles as templates for real-time fluorescence quantitative expression subcellular localization analysis. The results showed that IPH1 was expressed in different parts, with higher expression in stems and sheaths. The CaMV35S-IPH1-GFP fusion protein and peroxisome CaMV35S-PTS1-mCherry fusion protein were co transformed into rice protoplasts, At the same time, the empty vector pAN580 containing CaMV35S-GFP was transformed as a control, and after overnight cultivation in dark, the fluorescence signal was observed using a laser confocal microscope. By observing the majority of green fluorescence overlapping with red fluorescence, it was determined that IPH1 was mainly localized in peroxisomes [8].
3.2. Combined with genetic diagnostic analysis
Rice blast disease is one of the main threats to global rice production. In the process of attempting gene editing techniques to address rice blast disease, using the KY131 variety as an example, researchers introduced resistance genes Pi1 and Pi2 into KY131 through continuous backcrossing to obtain two rice lines KP1 and KP2-Hd1. Due to linkage resistance or unknown genetic background effects, infiltrating strains with target regions reach the heading stage later than KY131. In order to eliminate the late heading phenotype caused by linkage resistance, researchers obtained a recombinant of linkage resistance broken from a large advanced population. In order to eliminate unknown genetic background effects, six flowering genes were re sequenced for genetic diagnosis, and it was found that KP1 carried functional Hd16 and Ghd8 alleles. Then, using the CRISPR-Cas9 system, Ghd8 was selected as the target for gene editing, and four sgRNAs (G1 to G4) were designed to target Ghd8/Hd5. Clone one sgRNA expression cassette containing G1 into the pCXUN Cas9 vector for unit point gene editing; Clone four expression cassettes containing a single sgRNA into the pYLCRISPR/Cas9Pubi-H vector for multi unit point gene editing. Then, the CRISPR-Cas9 constructs were transformed into KP1 callus tissue through Agrobacterium mediated transformation. Using the hygromycin resistance gene (HPT II) in the constructed material to artificially screen transformed callus tissues for hygromycin resistance. In planting at different latitudes and environments, the target plants all possess resistance to rice blast and are capable of flowering and heading early under conventional sunlight conditions. Research has shown that combining gene diagnosis with targeted gene editing is an efficient method for quickly eliminating adverse traits in breeding lines [9].
4. Conclusion
This research provides an overview of relevant articles and summarizes the current application status of CRISPR technology in rice trait research and variety improvement. At the same time, it points out the shortcomings of CRISPR technology in rice gene editing, such as large-scale gene deletions and local chromosomal aberrations. The comprehensive application of long-range PCR, gene typing, and S-R NGS can effectively detect the above-mentioned defects. In addition, the development status of some biotechnology and related research that can be combined with gene editing technology in rice trait research and variety improvement was also introduced, and prospects for the composite application of technology were made. It was inferred that the combination of technology such as subcellular localization and gene overexpression has good application prospects.
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