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Abstract: Seed shattering refers to the phenomenon in which the pods split along the abdominal and back sutures before the crop is received, so that the seeds are spread. Seed shattering is vital to the reproduction of their offspring in wild plants, but it is also the main cause of crop yield loss reason. Pod-explosion resistance is a complex process of physical and physiological and biochemical reactions. Soybean seed shattering phenomenon is widespread, which severely restricts the development of soybean industry. Seed shattering (pod cracking or fruit dropping) is essential for the reproduction of its offspring in wild plants, but it is also the main cause of crop yield loss. This article analyzes the morphology and structure of pods related to seed shattering from the morphology of pods. On the basis of the regularity of the occurrence of seed shattering and the summary of phenotypic index identification methods, physiologically introduced the regulation mechanism of key enzymes and endogenous hormones on seed shattering. The localization, labeling and cloning of seed shattering genes are introduced in molecular biology. The study focused on reviewing the latest advances in the research on soybean seed shattering characteristics, and discussed with the research results of related crops. Finally, the research and application of soybean seed shattering resistance were prospected for several aspects.
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1  Introduction

The appearance of fruits represents a major evolutionary innovation of angiosperms. The successful evolution of wild plant species essentially determines their ability to spread offspring [1]. While in the legume, gramaceae and cruciaceae such as Soybean (Glycine max L. Merr), Pea (Pisum sativum L.), Rice (Oryza sativa L.), Arabidopsis (Arabidopsis thaliana), Rape (Brassica campestris), pod shattering plant, etc. [2–6], and seed shattering refers to the fragmentation of the pod shell that breaks the seeds successfully. As early as 1989, Indian scholars Philbrook and Oplinger counted the losses caused by seed shattering in tropical and subtropical soybean growing areas, and found that the field yield loss of easy-shattered pod and medium-shattered pod soybean varieties was 57∼175 kg/ha and 0∼186 kg/ha, respectively [7]. According to the report of Chinese scholar [8], the seed shattering loss of main soybean varieties planted in the Huang-Huai area in my country due to seed shattering is about 112.5 kg/ha. Relevant studies have shown that seed shattering is more common in wild-type and small-grain soybeans [9]. Soybean mechanized harvesting reduces labor costs and can increase seed shattering, but seed shattering is a key factor affecting soybean mechanical harvesting. The pods at the maturity stage are easy to fry pods under the action of any external or internal forces [10]. Reducing seed shattering rate can not only increase crop productivity, but also use combine harvesters, thereby reducing labor costs. Due to the cracking of the pods, the yield of soybeans has decreased significantly, and the deterioration of climatic conditions may cause greater damage to soybean production, severely restricting the development of the soybean industry [11], it can be seen that the occurrence of seed shattering in soybean has brought very serious losses to the soybean industry at home and abroad. Solving the problem seed shattering in soybean is one of the main issues that need to be paid attention to in soybean production and research in my country.

The phenomenon of seed shattering of legumes is widespread. Breeding excellent varieties that are resistant to seed shattering is one of the main goals of people’s breeding. The formation of seed shattering of cultivated crops is an important milestone in domesticated crops [12]. Most soybeans have gradually overcome the problem of seed shattering during the domestication process. However, due to differences in ecological adaptability, the problem of soybean pods has been plagued by breeders. Seed shattering is a complex process of physical, physiological and biochemical reactions that occur together. Changes in any link may inhibit or promote soybean seed shattering [13]. The occurrence of soybean seed shattering is not caused by a single factor. The morphological characteristics of the phenotype, the anatomical structure of the pod suture, the chemical composition of the pod skin, the genetic characteristics of the variety and environmental factors will all affect the occurrence of seed shattering [14]. This article focuses on soybeans and takes into account related crops. First, it summarizes the research on pods from morphology, and then analyzes the rules and main influencing factors of the occurrence of pods. Finally, the latest advances in soybean pods from physiology and molecular biology are analyzed. The summary is intended to provide reference for future studies on the mechanism of seed shattering from the perspective of morphology, physiology and molecular biology. At the same time, it also provides reference for the innovation and variety breeding of seed shattering germplasm.

2  Morphological Study of Pods

In the comparative analysis of botanical traits, morphological methods are the oldest but also the most intuitive and accessible, mainly divided into apparent and micromorphology.

2.1 Apparent Morphology

In recent years, scholars have studied whether the pods of beans and other seed shattering are affected by pod length, width, thickness, and degree of curvature. Chiapparino et al. [15] overexpression of GmAGL1 gene in Arabidopsis indicated that there may be a relationship between pod length and fried pod. In leguminous crops, pods with a large degree of curvature and sickle-shaped or long pods are not easy to fry. Krisnawati et al. [16] studied the pod thickness related to soybean frying pod. Murgia et al. [17] and other studies found that the number of broken soybean pods per plant is positively correlated with petal weight, and negatively correlated with traits such as hundred-seed weight, pod perimeter, area, width, and height. Among them, the important factor that regulates seed shattering is the width-to-thickness ratio of the pods. Lou et al. [18] found that the seed shattering rate was negatively correlated with the pod’s width-to-thickness ratio. Tsuchiya et al. [19] and Tiwari et al. [20] study the relationship between size and seed shattering rate found that in soybean varieties resistant to seed shattering, the width to thickness ratio of the pods was generally smaller, but whether a smaller width to thickness ratio would inhibit the occurrence of seed shattering has not been confirmed. In peas, there is no significant difference in the width-to-thickness ratio of seed shattering. Therefore, some scholars believe that the occurrence of seed shattering is not directly related to the width-to-thickness ratio of the pods.

2.2 Micromorphology

The pods are composed of two single sheets of valves, and the central cavity is where the seeds live. Seed shattering originates from the cracks in the abdominal sutures. Christiansen et al. [21] and Summers et al. [22] analyzed the microstructure of the back suture and abdominal suture cross-section of the pod skin during the mature period of soybeans proposed there is a similar structure similar to the cruciferous dehiscence zone (DZ) at the suture line of the abdomen. As the pod matures, the dehiscence zone gradually evolves into a non-ligninized delamination (SL) about two cell layers thick [23]. Degradation of the delamination and separation of parenchyma can improve seed shattering ability [24,25]. In soybeans, the excessive lignification of the fibrous cap cells connecting the two valves in the ventral suture layer of the pod increases the bonding strength of adjacent cells, thereby forming the characteristics of seed shattering of cultivated soybeans. The study of Dong et al. [26] suggested that the thickening of the secondary cell wall of FCC cells is the main factor for the resistance of cultivated soybean varieties to seed shattering. For the degradation of the intercellular layer in the dehiscence zone, the differentiation of the pod wall is essential. The pod wall can be divided into three functional layers, namely exocarp, mesocarp and endocarp [27]. In the process of seed shattering, due to the reduction of cell wall adhesion in the cracking zone, and the tension generated by the mechanical properties of the endocarp and exocarp cells of the pod (the tension produced during the shrinkage process caused by the difference between the endocarp and the exocarp [28]) causing the pods to crack. The key factor that produces the required tension is the geometric arrangement of the cell wall and its histological characteristics (cell wall thickness and composition, lignification, hydration). Suanum et al. [29] found that the composition and characteristics of the cell wall of the pod are related to the fragmentation of cowpea and wild cowpea. In the late stage of maturity, once the valve is fully lignified and the valve attachment becomes weak, the increase in the size of the vacuolated cells in the sidewall of the cracking line will promote the cracking. In other plant species, due to dehydration, the seed shattering is also related to the difference in the expansion of the inner thick-walled cell layer [30]. Murgia et al. [31] proposed that the lignification of the inner valve layer (LFL) contributes to seed shattering, while the study of Bruce et al. [32] showed that the absence of LFL or the presence of a low level of lignification would reduce the stability of the valve, thereby reducing the stability of the valve during drying. In addition, the fracture structure of the pod wall was found to be correlated with the helical moderately, and has visual cracking in some environments.

In summary, the thickness of the secondary cell wall of the lignified FCC cells and the FCC cells in the ventral suture, the structure of the pod wall, and the cause of tension are the main factors that regulate the cracking of the pod. It is believed that subsequent studies will be more detailed analysis for the cytological structure characteristics of soybean pods and some unknown structures and their effects.

3  Occurrence of Seed Shattering and Main Influencing Factors

At present, it is generally believed that the two major factors affecting soybean pod frying are genetics and environment, among which genetic and environmental factors are internal and external, respectively, and the two jointly regulate the occurrence of soybean frying. Now is the era of mechanization, so the design and research of machinery is also closely related to seed shattering.

3.1 Genetic Factors of Seed Shattering

Seed shattering is closely related to its own characteristics, and genetic characteristics are the main factors affecting seed shattering [33]. Research by Li et al. [34–36] showed that different soybean varieties have significant differences in the resistance to seed shattering under the same environmental factors, and there is a certain correlation between the differences in pod structure and water content between different soybean varieties. Nilmani et al. [37] studied the seed shattering rate of different soybean varieties 10 days after the maturity period, and the seed shattering rate was between 0.67% and 67.05%, implying that genetic background has a great influence on soybean seed shattering. For this reason, researchers have studied the genetic mechanism of seed shattering on many model crops such as soybeans, peas and lentils. These studies have shown that the pathways and loci that control seed shattering is widely conserved in species [38], A large number of studies have shown that soybean seed shattering is not determined by a single gene, but a quantitative trait co-regulated by a major gene and multiple minor genes [39].

3.2 Environmental Factors of Seed Shattering

For the initial research of soybean seed shattering, the main focus was on the impact of environmental factors on soybean seed shattering and corresponding measures were proposed to reduce seed shattering so as to avoid the yield loss caused by seed shattering. In 1957, Metcalfe et al. [40] found that mature Lotus japonicus pods showed two phenotypes of cracked pods and non-cracked pods at an environmental humidity of 29.5% and 35%. Relative humidity was first proposed as the main environmental factor affecting legume crop blast pods. Studies have shown that the frying rate of French croissant pods at low temperature and high humidity is significantly lower than that at high temperature and low humidity [41]. Subsequently, Cavines et al., successively proposed that relative humidity is an important environmental factor affecting soybean seed shattering [42,43]; in addition, Zhang et al. [34], not only verified the above views, but also put forward that there is no obvious correlation between the seed shattering rate and the length of sunshine time and the average daily temperature. Yang researched that seed shattering occurred when the moisture content of beans and seed shattering were lower than 25% and 15%, respectively, indicating that the water content of soybeans is also closely related to seed shattering and also proposed that the spatial distribution of pods in identical soybean does not significantly link [44]. In addition, Tsuchiya et al. found that sudden temperature changes can induce soybean pods, which is of great significance for actual production [45]. Travis found that under drought conditions, the twisting force of the pod wall or the structural strength of the cracked area in the pod suture will change, resulting in soybean seed shattering [46].

To sum up, the relative humidity in the air is a direct factor that affects soybean seed shattering, and the rapidly changing environmental factors are the key factors leading to the decrease of the moisture content of the soybean pods. A series of environmental factors such as temperature, light intensity, sunshine hours, wind speed, air pressure, and soil moisture indirectly affect soybean pods by changing air humidity. In order to change the impact of the above reasons on seed shattering, we can harvest them timely, and properly spray water or desiccant to reduce the loss caused by seed shattering, but this will affect the cost and improper operation will cause problems such as mildew of the pods.

3.3 Mechanical Factors of Seed Shattering

Soybean harvesting is a key link in the soybean production process. The use of appropriate harvesting machinery to complete the soybean harvesting operations in a timely manner is an important guarantee for high soybean yield. The mechanical harvest loss of soybeans has always been a serious problem in mechanized soybean harvesting. Langowski et al. [47] conducted a long-term experimental study on the mechanical harvest loss of soybeans. The total mechanical harvest loss rate was 9.8% to 19.3%, and the header loss accounted for 80%, of which shattering loss accounted for 55%. The test results of Deng Si et al. showed that branching and shattering accounted for 94% of the loss. Pods are easy to burst due to the biological characteristics of the crop. Li et al. [48] studied the biological and mechanical characteristics of soybean varieties in the Huanghuaihai area, and provided some parameters for the header and threshing system of the Huanghuaihai soybean combine harvester. Many domestic scholars have made statistics on the start time of soybean frying and found that most varieties start seed shattering 6–12 days after soybeans are fully mature. So timely harvest is also necessary to avoid large soybean production caused by seed shattering. In summary, timely harvesting and modification of machinery based on the biological characteristics of soybeans can avoid seed shattering and reduce yield loss during harvesting.

4  Physiological Study of Seed Shattering

In addition to the pod’s own structure and environmental factors, physiological and biochemical reactions also have an impact on seed shattering. Christiansen et al. [49] conducted an in-depth study on the pod development process of soybean. First, the pod formed a separation zone at the dorsal suture and ventral suture then intercellular layer and cell wall in the separation zone gradually degraded, causing the separation of the separated cells. Eventually a large number of fractures occurred, causing the pods to burst. Certain enzymes in pod cells determine cell degradation and degradation in the dehiscence zone, and corresponding hormones indirectly participate in this process by regulating these enzymes.

4.1 The Impact of Key Enzymes on Seed Shattering

Physiologically, the crush resistance of the pod is essentially related to the amount and composition of carbohydrates in the pod. Carbohydrates, such as cellulose and lignin, are important components of the cell wall of the pod and directly affect the resistance of the pod to mechanical breakage. Cellulose guarantees the toughness of the cell wall, while lignin is an important phenolic compound with a complex structure in plants, which enhances the hydrophobicity and hardness, physical strength and water conductivity of the cell wall. Cellulase can also degrade the cell wall. Agrawal et al. [50] measured the cellulase activity in soybean pods and found that the cellulase activity in the pod germplasm at the mature stage was significantly increased and the high content of cellulose (and hemicellulose) and lignin in the separation layer will hinder the separation of cells in the separation layer and reduce pod damage. Kappara S showed that the seed shattering determined by scoring the seed shattering of cowpea/cowpea has the highest correlation with the pod hemicellulose content, but not the correlation with the pod lignin content [5].

In addition, in the process of seed shattering, β-glucase and polygalacturonic acid endonuclease are the key enzymes that play a role. The activity of glucose hydrolase in the dehiscence zone of the easy-explosive pod germplasm of Brassica is increased and the cell wall is degraded. For the conversion and distribution of β-glucase, this enzyme may be involved in the entire process of layer separation [51]. The endogenous polygalacturonic acid is involved in the degradation of the intercellular layer and is related to the cell separation during the pod shedding process. The pectin is related to the adhesion between the cells. Pectin degradation is found in the plant germplasm that is easy to shatter. Severely, in the process of crop maturation and senescence, increasing the activity of glucose hydrolase and endogenous polygalacturonase can significantly reduce the content of pectin in the cracking zone.

As mentioned above, these enzymes participate in the seed shattering process by separating the cell layer and degrading the cell wall, as well as affecting the adhesion between the cells. However, the activity of these enzymes in the pod, how to express, and the mechanism of action are still unclear, and further research is needed.

4.2 The Effect of Hormones on Seed Shattering

Phytohormones are trace organic substances produced by plants’ own metabolism, also known as plant endogenous hormones, which can regulate plant physiological responses by affecting the activity of enzymes. Among the five endogenous hormones, two are related to β-glucose hydrolase, which can degrade pod cell walls. When the pod is shatter, the content of ethylene in the kernel suddenly increases and a short-term peak appears. At this time, the activity of β-glucose hydrolase increases, indicating that the change of ethylene content indirectly regulates the cracking of the pod. The peak of ethylene content usually occurs earlier than the cracking of the pod suggesting the peak ethylene content may be a signal of pod splitting. Relevant studies have shown that auxin can inhibit the accumulation of β-l, 4-glucohydrolase mRNA in the dehiscence zone to regulate pod dehiscence [52]. Gibberellin plays a role in the establishment of the cell characteristics of the separation layer, but the topical application of cytokinin during fruit development can restore the formation of valve edges and further increase pod dehiscence. Tu [53] found that the synergistic effect of auxin and gibberellin in the cracking zone can increase the activity of vegetable soybean endoglucanase and pectinase, accelerate the decomposition of cellulose and pectin, and form the characteristics of easy-fried pods.

In summary, these findings indicate that several plant hormones are involved in the differentiation of DZ and that their biosynthesis and response are essential. Although the role of hormones in the development of DZ has been extensively investigated, there are relatively few studies on how these hormones coordinate in DZ. Therefore, in the future, it is necessary to in-depth study of the molecular mechanism and interaction of plant hormones behind the DZ differentiation of cracked pods.

5  Soybean Varieties That are Resistant to Seed Shattering

Determining the seed shattering properties of soybean varieties is the basis of application production and scientific research. As shown in Table 1, the field survey method and drying method are mainly used to identify soybean seed shattering germplasm. Compared with the drying method, the field survey method identifies more germplasm. Many of these properties have been used in genetic research on resistance to bombardment. Regarding the breeding of soybean varieties resistant to seed shattering, there are few studies at home and abroad. So far, the domestic publicly reported fried pods include Mengdou No. 7, Longxiaodou No. 1, Heinong 44, Heihe No. 43, Fengshou 27, Heihe No. Nong 58, Gaoyou 1, Xinnong 688, Fengshou 23, Kefeng 34, Jidou 12, etc. [54–58], these anti-pod varieties laid the foundation for soybean variety breeding and genetic background study of pod traits.
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6  Molecular Biology Research of Seed Shattering

6.1 Location and Labeling of Seed Shattering

In the past 20 years, some QTLs and genes that control pod dehiscence have been identified, revealing that a major QTL and several minor QTLs co-regulate pod dehiscence. Bailey et al. [59] first used 140 restriction fragment length polymorphism (RFLP) markers to identify the main QTL. Funatsuki et al. [55] detected this major QTL and named it qPDH1. Furthermore, studies have shown that qPDH1 is the main QTL related to pod dehiscence. Funatsuki et al. [60] cloned the gene pdh1 near the QTL “qPDH1” reported on chromosome 16, and promoted pod dehiscence by increasing the twisting of the dry pod wall. In addition, Dong et al. [61] analyzed the changes caused by domestication between cultivated soybeans and wild soybeans and identified the NAC gene SHAT1-5 (Glyma16g02200), proving that this gene activates secondary cell wall biosynthesis and promotes the thickening of fibrous cap cells in pod sutures.

Recently, some new QTLs have been discovered on chromosomes 1, 4, 5, 6, 8, 9, 11, 17, 18, and 20 through genome-wide association analysis (GWAS). 16 QTLs were identified from the high-density linkage maps of two RILs, including the qPDH1 locus, and several new QTLs were identified on chromosomes 2, 6, 11, 13, 14, 16, and 20 [62]. At present, the mechanism of bean pod shatter prevention is not yet fully understood, and the genetic backgrounds of the mapped parents are different, and the genetic effects explained by the mapped QTLs are also different. Therefore, other QTL information from different genetic backgrounds is essential for the development of shatter-resistant soybean varieties.

6.2 Cloning and Function Study of Seed Shattering Gene

So far, there have been few studies on the cloning and function of the fried pod gene in soybeans. In 2014, Funatsuki et al. [60] obtained the fried pod-resistant gene PDH1 through map-based cloning. Because this gene contains an early stop codon which leads to loss of function so it can reduce the twisting force of the pod skin to reduce the soy pod frying ability. In the same year, Dong et al. [61] found that the 116 kb region of chromosome 16 is related to fried pods, and successfully cloned a seed shattering gene in this region, named SHAT1-5, and proved that SHAT1-5 gene regulates FCC cells, resulting in the thickening of the secondary cell wall and the formation of anti-explosive pods. In 2017, Qing et al. [63] performed a homology comparison of the Arabidopsis FUL gene to obtain the soybean fried pod gene GmAGL8, and found that overexpression of this gene can reduce the rate of soybean and Arabidopsis seed shattering. There are also cloning and functional studies of seed shattering genes in other plants and the most studied is Arabidopsis thaliana. Details are shown in Table 2. Dinneny’s research on the genetic mechanism of Arabidopsis silique seed shattering is shown in the Fig. 1. In summary, seed shattering is a complex process of multi-gene regulation, and more genes related to seed shattering need to be discovered.
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Figure 1: Genetic model of fruit morphology and cell wall development (A) The structure related to cracking in the soybean belly suture, and the mature pod wall fiber layer pulls the suture from both sides. If the cracked zone lacks structural integrity to withstand tension, the cracked zone occurs along the central part of the exfoliated layer and bundle sheath. (B) In Arabidopsis, the pod development in the area around the suture is controlled by several main model genes and their downstream cell wall modification genes. Homologs of Arabidopsis fruit pattern regulators are often used as candidate genes in cracking studies, but so far, there is little experimental evidence to prove their hypnotic role in grain legumes. (C) Detailed view of cell wall modification pathways in Arabidopsis
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7  Future Perspectives

Studies have shown that the comprehensive phenotypes of legumes resistant to seed shattering are smaller pods, smaller grains, heavier pods, and smaller seed pods. The seed shattering rate is related to 100-seed weight, growth period, and grain yield. There is a negative correlation. The occurrence of seed shattering is likely to be the energy consumption process of the plant. The occurrence of seed shattering is caused by the tension produced by the loss of water in the pod. The moisture content of the pod is related to the tension, and the cellulose and semi-fiber in the pod. The content of lignin and lignin are the decisive factors for seed shattering. In addition, the content of carbon, soluble sugar and sucrose are also related to the occurrence of seed shattering. The dehiscence zone at the suture of the belly of the pod is considered to be an important area that affects the seed shattering, and the degradation of the dehiscence zone is conducive to the formation of seed shattering [64–67]. Cellulase and polygalacturonase are considered to be the key enzymes affecting pod frying in the ventral suture dehiscence zone of soybean pods [50]. Studies have shown that auxin in the dehiscence zone of soybeans can affect the activity of hydrolase. Affect the occurrence of seed shattering [68].

The phenomenon of seed shattering of legumes has been widespread. Breeding high-quality soybean varieties resistant to seed shattering is one of the main goals of people’s breeding. The main factors influencing pods are genetic, environmental and mechanical factors, among which environmental factors cannot be changed. Therefore, it is more important to breed good varieties that are resistant to pods. At present, the research of harvester is also increasing and gradually optimized, but the mechanical design is closely related to the biological characteristics of crops, and the conditions of biological indicators still need to be explored for accurate, not only that, such as the precise impact of the pod identification method on germplasm identification and the impact of environmental factors on the pod research. In the end, genetic factors have the greatest influence and the most complex. Although researchers have studied morphology, physiology, and cloning of related genes for seed shattering, they have learned about the occurrence of seed shattering, the regulatory mechanism of related genes, and the effects of corresponding hormones and enzymes of seed shattering. However, any change in any link may cause seed shattering, so there are still many issues that need to be studied in depth. In the future, research can be carried out in morphology, physiology and molecular biology. Morphology mainly focuses on the structure of the peel, the thickness of the secondary cell wall of FCC cells in the pod wall and ventral sutures, FCC cells and structures that have not yet been discovered and explored. Physiology mainly conducts in-depth research on the key enzymes and endogenous hormones related to seed shattering to clarify the regulatory network. Molecular biology still needs to dig out more genes related to fried pods and perform functional verification to clarify the mechanism of gene action. Frying pods is a complicated process. The exploration from the above three aspects will provide a basis for the study of seed shattering mechanism and provide theoretical support for cultivating new varieties of seed shattering. In molecular biology, some scholars have cloned the main gene that regulates seed shattering, but it is necessary to verify the function of varieties with obvious differences in traits. In addition, it is still necessary to dig out more related seed shattering genes and perform functional verification to clarify the role of the gene. mechanism. In the future research, we will not only explore the physiological mechanism of soybean popping, but also reveal the genetic mechanism of soybean popping from the genetic level, so as to have a more comprehensive and in-depth understanding of the mechanism of soybean popping, and provide theories for the cultivation of new varieties that are resistant to popping. support.
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Table 2: Related genes involved 1n seed shattering and seed shedding of ditferent species

Species Gene Nickname Chromosome
Soybeans Glyma.04G159300 AGLS, FUL 4
Soybeans Glyma.16G019400 Shatt 1-5 16
Soybeans Glyma.16G141400 PDHI 16
Arabidopsis AT1G32770 NST3, SND1 1
Arabidopsis AT2G46770 NSTI 2
Arabidopsis AT2G41850 ADPG2 2
Arabidopsis AT2G42830 Shatterproof-2 2
Arabidopsis AT3G58780 Shatterproof-1 3
Arabidopsis AT3G57510 ADPGI 3
Arabidopsis AT4G00120 INDEHISCENT 4
Arabidopsis AT4G36920.1 APETALA 2 4
Arabidopsis AT5G67110 ALCATRAZ 5
Arabidopsis AT5G60910 FRUITFULL, AGLS 5
Arabidopsis AT5G02030 REPLUMLESS 5
Tomato Solyc02g071730 TAGLI 2
Tomato Solyc05g056620 MACROCALYX 5
Tomato Solycllg010570 JOINTLESS 11
Alfalfa LOC 0s01g62920 qSHI 1
Alfalfa LOC 0Os04g55560 Shattering, Abortionl, SHATI 4
Alfalfa LOC Os04g57530 Shattering4, SHAI 4
Alfalfa LOC 0Os05g38120 SHS 5
Peach PRUPE 5G208500 PpMADS6 5
Brassica napus RDPGI

Brassica napus Bn LATE

Brassica napus BnIND

Rice Os01g0848400 qSHI 1
Rice 0s02g0701300 OsGRF4/PT2 2
Rice 0s03g0650000 OsShl 3
Rice 0s03g0826600 OsNPCI 3
Rice OBART03G27740 ObSH3 3
Rice Os04g0670900 sh4/SHAI 4
Rice Os04g0649100 SHATI 4
Rice ORGLA04G0254300 GL4 4
Rice Os04g0656500 OsLG1 4
Rice Os05g0455200 SHS5 5
Rice 0s07g0207700 Sh-h/OsCPL1 7
Rice 0s07g0235800 SSH1 7
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Table 1: Classification of seed shattering of soybean varieties

Identification Identification Screening the Resistance level Name of seed shattering germplasm
method of germplasm number of resistant
germplasm
Field survey 56 4 High resistance  Shang 85-225, Zhou 85-2, Lu 7518-1, Huai 84-18
(not seed
shattering)
10 Resist (0%—3%) Pro 81-550, Yan 9, Oil 84-402, Annong 75-59, Oil 84-
14, Oil 86-315, Oil 84-350, Fu 75-71, Zheng 8516, Dan
7915
4 Resist Apache, McCdl, ND 233, Ozzie
Resist Y oung
6 Resist Tokei992, Kariyutaka, Suzuotome, Tachiyutaka,
Tsuyahomare, CM 3
2 Level 0 (not seed Yudou 27, Pangingdou 1
shattering)
4 Micro-shatter 1~ Yudou 22, Fandou 9, Fandou 10, Yufan 963
(0%—1%)
8 Micro-shatter Earth God 21, Earth God 22, 5054, Fandou No. 8,
(1%—5%) Little Brown Bean, 3237, Zheng 94059, Kaidou 11
5 Shatter Fanqgingdou No. 3, Yudou 29, Dongda No. 2, Yudou
25, Huoyin No. 1
6 Seed shattering  Changling, S.B, Zheng 97196, Fanqingdou No. 2,
Dongda No. 1, Zheng 9401-1
6 Heavy bomb Zheng 92116, Yudou 21, Medicine Black Bean, Cui
Fan Bean, Zhoudou 12, Laser 810
Drying 36 3 Resist SJ 2, Williams 82, Clark
method 1 Resist Hayahikari
10 Resist Suzuotome, CM 2, CM 3, CM 4,CM 60,NS 1, ST 4, SJ
5,SK1,SK2
5 Resist Nam2, Roan, Duiker, TGx 1448-2E, GC 81090-48
4 Resist Y ukihomare, Toiku 238, Toiku 239, Harosoy
2 Resist Sinpaldalkong, Iksan 10
1 Resist Jindou 23
5 Resist Xiaobaimei, Tongxian Soybean, Hedou No. 3,
Guichun No. 1, Yudou No. 25
5 Seed shattering  Quanzhou Shitang May, Huachun No. 6, Shaandou

125, ZYD01030
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