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Abstract In this study, the hybrid japonica rice ‘Huayou 14’ and its parents were used as materials, using SSR molecular marker
technology, to select primers and identify seed purity according to its polymorphism. From 48 pairs of candidate SSR molecular
markers widely distributed on 12 rice chromosomes, 6 pairs of primers were screened, which showed stable codominance between
the hybrid and its parents. Completely distinguished, using these primers to carry out molecular purity identification of ‘Huayou 14’
seeds, and comparing the identification results with the field planting purity identification results, the results showed that the
identification results of the two were basically the same. Finally, the RM274 and RM1195 marker combinations with the most
polymorphic sites and the most significant differences in specificity were finally determined as core primers, and a more rapid and
effective technical method for identifying the seed purity of hybrid japonica rice ‘Huayou 14’ was established.
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Rice (Oraza sativa) is one of the most important food crops in the world, especially the hybrid rice varieties with
excellent parental traits. Due to its high yield and high quality, rice has been widely planted and promoted in all
parts of China, effectively ensuring the sustainable and stable agricultural production with high yield and high
quality. In actual production, the purity of hybrid lines directly affects the yield and quality of crops, and the full
play of heterosis potential must be based on high purity of hybrid lines, so the seed purity identification has
always been the most important index in the promotion and application of improved varieties.

Field plot identification is the most widely used method to identify the purity of hybrid rice varieties (Sun et al.,
2014). However, its identification cycle is long, the workload is large, the cost is high, and it is easy to be affected
by the environment. Therefore, it is of great significance to explore a simple, fast, accurate and cheap method of
hybrid seed purity identification for promoting the compliance operation of enterprises and improving the
regulatory efficiency of the government on the seed market. In recent years, the rapid development of molecular
marker technology has made it an important method to identify the purity of seeds (Yashitola et al., 2002). In
particular, SSR marker is characterized by its simplicity, convenience, easy standardization, low requirements on
the quantity and quality of DNA, accurate and reliable detection results, and good repeatability. It has been widely
used in the purity identification of rapeseed (Me et al., 2010), rice (Wang et al., 2014), corn (Wu et al., 2012),
cucumber (Cui et al., 2015) and other crop hybrids, and has been recommended by the International Association
for Seed Inspection (ISAT) as the preferred method for variety purity and authenticity detection.

'Huayou 14' is a japonica hybrid rice with high quality and high yield bred in Shanghai in recent years. The
average yield of Shanghai rice is increased by more than 10%, and the main quality index reaches the national
standard of high quality rice level one. The planting of 7x10° mu has been promoted in the Yangtze River Delta
region, and the economic and social benefits are remarkable. This study intends to use hybrid japonica rice
'Huayou 14' as the experimental material, and establish a more rapid and effective technical method to identify the
seed purity of hybrid japonica rice 'Huayou 14' based on SSR marker technology, so as to provide technical
support for large-scale promotion.
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1 Results and Analysis

1.1 Genome-wide DNA extraction from rice 'Huayou 14' and its parents

The results showed that there was only one band in the genomic DNA extracted from 'Huayou 14, its female
parent 'Shen 9A' and its male parent 'Fan 14', as well as all the DNA of the samples to be tested. The results
showed that the purity and concentration of the extracted genomic DNA met the requirements of subsequent PCR
amplification (Figure 1).

Figure 1 Electrophoretogram of rice genomic DNA
Note: The first hole was size maker; The sixth hole was negative control

1.2 Screening and validation of '"Huayou 14' specific primers

1.2.1 Establish DNA fingerprint data of "Huayou 14' to screen specific primers

The experimental results showed that most of the SSR primers could amplify stable and clear bands, among which
there were 15 pairs of SSR primers between 'Huayou 14' and its parents that could distinguish the hybrid from its
parents (Table 1). As shown in the test results (Figure 2), the band type of 'Huayou 14' is complementary to the
two parents, which can distinguish the parents from 'Huayou 14', preliminarily indicating that the 15 pairs of SSR
primers can identify the purity of 'Huayou 14".

1.2.2 Qualitative identification, screening and verification of specific primers by hybrid types

Through SSR primer specificity analysis on hybrids, 15 pairs of SSR markers that could distinguish each hybrid
type from F; generation seeds were finally screened (Figure 2; Figure 3). The results showed that the 15 pairs of
SSR primers of parental complementary type were consistent with the 15 pairs of SSR primers screened by hybrid
combination and its parent DNA fingerprint. These 15 pairs of markers can effectively identify all phenotypes of
hybrids. In addition, the genotype of some hybrid samples of type 1-17 selected through field investigation of
plant phenotypes was consistent with that of Fi generation seeds of 'Huayou 14' (Sample 18) (Figure 3), indicating
that molecular marker-assisted verification could more accurately identify hybrid types than morphological
observation.

1.3 Validation of the validity of SSR markers in the identification of variety purity

Fifteen pairs of SSR molecular markers were selected to verify the validity of SSR marker identification method
for two consecutive years, and six primers were selected to be used to identify the purity of varieties (Figure 4;
Figure 5). In the first year, 264 single seeds of 'Huayou 14' were identified for molecular purity in sample No.
2017108.The results showed that taking AO5 as an example, there were 260 grains per plant with fully
complementary specific bands with their parents, and the purity of 'Huayou 14' was 98.5% by calculation. Among
the other false 'Huayou 14', there were 0 specific banding seeds of 'Huayou 14' and 4 seeds of 'Shen9A'.
According to field identification statistics, 17 of the 1 000 hybrid plants were inconsistent with the morphology of
'Huayou 14', that is, the seed purity of 'Huayou 14' was 98.3%.In the second year, the number is no. 2018120
samples of 196 grains' flower optimal 14 single molecular purity identification of seed, the above method,
respectively, the two samples of the field investigation and appraisal and molecular marker detection results are
compared (Table 2), the result was consistent, show that selected primers' 14 'optimal seed purity identification
results are correct and credible. Artificial emasculation hybridization was carried out during the whole process of
reproduction, so the false seeds with the same band type as the parent may be from the mixed female seeds.
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Table 1 ‘Huayou 14’ hybrid and its parental primer screening results

Number Primer Chromosomes  Primer set Annealing temperature (°C)  Primer sequence (5°—3’)
A01 RM583 1 I 55 5'Primer: agatccatccctgtggagag
3'Primer: gcgaactcgcgttgtaatc
A05 RM274 5 I 55 5'Primer: cctcgcettatgagagcettcg
3'Primer: cttctccatcactcecatgg
A07 RM336 7 I 55 5'Primer: cttacagagaaacggcatcg
3'Primer: getggtttgtttcaggttcg
All RM209 11 I 55 5'Primer: atatgagttgctgtcgtgcg
3'Primer: caacttgcatccteccctee
Al2 RM19 12 I 55 5'Primer: caaaaacagagcagatgac
3'Primer: ctcaagatggacgccaaga
BO1 RM1195 1 II 55 5'Primer: atggaccacaaacgaccttc
3'Primer: cgactcccttgttcttetgg
B03 RM232 3 II 55 5'Primer: ccggtatccttcgatattgce
3'Primer: ccgacttttcctcetgacg
B06 RM253 6 II 55 5'Primer: tccttcaagagtgcaaaacc
3'Primer: geattgtcatgtcgaagec
B10 RM258 10 II 55 5'Primer: tgctgtatgtagetcgeacc
3'Primer: tggcctttaaagcetgtcge
C02 RMS561 2 11 55 5'Primer: gagctgttttggactacgge
3'Primer: gagtagctttctcccaccee
Cl1 RM21 11 1 55 5'Primer: acagtattccgtaggcacgg
3'Primer: gctccatgagggtggtagag
D02 RM490 1 v 55 5'Primer: atctgcacactgcaaacacc
3'Primer: agcaagcagtgctttcagag
D04 RM423 2 v 55 5'Primer: agcacccatgccttatgttg
3'Primer: cctttttcagtagccctcee
D09 RM542 7 v 55 5'Primer: tgaatcaagcccctcactac
3'Primer: ctgcaacgagtaaggcagag
D12 RM7102 12 v 55 5'Primer: taggagtgtttagagtgcca
3'Primer: tcggtttgcttatacatcag

A01: RM583

A11: RM209

B03: RM232

C02: RM561

D04: RM423

Figure 2 Results of primer specificity analysis of ‘Huayou 14’ hybrid and its parental Analysis of plant specificity in 2018120 plot

planting identification

Note: 1: Male line; 2: Female line; 3: ‘Huayou 14’; 4: Sample of hybrid in plot planting identification field in 2018120; 5, 6: Sample

A12: RM19

B06: RM253

C11:RM21

D09: RM542

A07: RM336

BO1: RM1195

B10: RM258

D02: RM490

D12: RM7102

of miscellaneous plants in plot planting identification field in 2018120
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Figure 3 Analysis of plant specificity in 2017108 plot planting identification
Note: 1-17: Sample of miscellaneous plants in plot planting identification field in 2017108; 18: Sample of hybrid in plot planting
identification field in 2017108
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Figure 4 The results of primer Alin the group of ‘Huayou 14’
Note: 65, 79, 199: The seeds were false, other of seeds were hybrids

eosm 1 2 3 4 S5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83

s« 107 108 109 110 111 112 113 114 115 116 117 118131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165166

Figure 5 The results of primer A5in the group of ‘Huayou 14’
Note: 11, 18, 68, 71, 80, 110, 134, 146, 158: The seeds were false, other of seeds were hybrids
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Table 2 Comparison of field purity test and molecular purity test

Sample Field test Molecular test
- Purity Total Number of Primers Purity Total Specific Deviation Specific individual
(%)  number hybrid plants (%)  grains  individuals (%) number
2017108 98.3 1000 17 AO1: RM538 98.8 264 3 0.5 65,79, 199
A05: RM274 98.5 264 4 0.3 27,65,79,199
A07: RM336 98.5 264 4 0.3 27,65,79,199
BO1: RM1195 98.5 264 4 0.3 27,65,79,199
C02: RM561 98.5 264 4 0.3 27,65,79,199
D02: RM490 98.5 264 4 0.3 27,65,79,199
2018120 96.9 1000 31 AO1: RM538 959 196 8 1.0 18, 68,71, 110, 134, 158,
165, 169
A05: RM274 954 196 9 1.5 11, 18, 68, 71, 80, 110,
134, 146, 158
A07: RM336 969 196 6 0.0 18, 68, 110, 117, 134,
158
BO1: RM1195 944 196 11 2.5 11, 18, 68, 71, 80, 110,
134, 146, 158, 165, 169
C02: RM561 98.5 196 3 1.6 11, 80, 146
D02: RM490 97.4 196 5 0.5 11, 80, 146, 165, 169

2 Discussion

The purity of hybrid rice seeds seriously affects its quality and yield. It is an important index to identify the
quality of hybrid rice seeds. In the past, purity identification of hybrid rice varieties usually adopts the field plot
planting authentication method, this method though the results more accurate, but the appraisal process to
operating personnel's professional quality request is higher, need to have rich experience in production field, and
authorized long cycle, high cost, low efficiency, now it is difficult to meet the requirements of marketization
development of hybrid rice seeds. SSR molecular identification technology does not depend on the understanding
of the characteristics of varieties, nor is it affected by planting, so the identification results are more reliable. At
present, this technology has been widely used (Sun et al., 2014).

In this study, 48 pairs of SSR standard primers were used to analyze the genotype of hybrid japonica rice variety
'Huayou 14' and its parents (restorer line 'Fan 14" and sterile line 'Shen 9A"), and the DNA fingerprint data of the
hybrid combination was established, and 15 pairs of specific markers were screened to distinguish 'Huayou 14'
from its parents. At the same time, the hybrid plant types were investigated and identified in the field plot
identification garden for two consecutive years. Through qualitative analysis of the hybrid plant types, 15 pairs of
specific markers were screened and the results were consistent with the former, and the molecular identification
method of seed purity of hybrid japonica rice 'Huayou 14' was preliminarily established. In order to verify the
effectiveness of this method, six pairs of primers with significant specificity were selected to identify the
molecular purity of hybrid japonica rice 'Huayou 14' seeds produced in 2017 and 2018, and the results were
basically consistent with the field identification results. These results indicated that the identification of seed
purity of hybrid japonica rice 'Huayou 14' by these 6 pairs of primers was accurate, simple and efficient. In
addition, the six pairs of primers were used as candidate markers for the purity identification test of hybrid
japonica rice seeds in other Yangtze River Delta regions, and found that the genetic polymorphism was high,
which could also be used in the purity identification test of other varieties in the future.

Given that RM274 and RM1195 have the most polymorphic loci and the most significant difference in specificity,
considering the cost of molecular identification, "molecular identification method for seed purity of hybrid
japonica rice 'Huayou 14' based on RM274 and RM1195 marker combination" was finally determined. This
technique is of great significance for the legal management of hybrid japonica rice variety 'Huayou 14' and the
quality control of the government.
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3 Materials and Methods

3.1 Experimental materials

Standard samples of 'Huayou 14" and its parents (restorer line 'Fan 14' and sterile line 'Shen 9A") and F, seeds of
'Huayou 14' produced in 2017 and 2018 (Sample No.: 2017108 and 2018120) were all provided by Shanghai Crop
Seed Quality Testing Center. The primers were synthesized by Sangon Biotech (Shanghai) Co., Ltd.

A total of 1 000 seeds were randomly selected from the samples numbered 2017108 and 2018120, respectively,
and identified in the field plot in Hainan. The main hybrid types in the identified garden were analyzed for
specificity, and SSR markers were screened out to distinguish the hybrid types.

3.2 Extraction of rice genomic DNA

'Huayou 14' and its parents (restorer line 'Fan 14' and sterile line 'Shen 9A"), as well as hybrid plant materials from
the identification nursery, 20 seeds were taken from each sample and placed in a 2 mL circular bottom centrifuge
tube, adding 2 steel balls and grinding with QIAGEN grinder at maximum frequency for 20 min to prepare DNA
extraction. QIGAEN plant genome DNA kit was used for extraction. The DNA was extracted and detected by
0.7% agarose gel electrophoresis. The purity and concentration of DNA were measured by A NanoDrop2000c
UV-vis spectrometer. The working solution was diluted to 40~50 ng/uL and prepared in the refrigerator at 4°C.

The single seeds of rice samples 2017108 and 2018120 were used to verify the molecular purity identification
method. The genomic DNA of rice was extracted by magnetic seed DNA beads with the GO-GPLF-FX96 kit
produced by GeneOn BioTech Co., Ltd. The instruments included Thermo FLEX nucleic acid extraction
instrument. Mix elf, centrifuge, metal bath/water bath/air bath.

3.3 Primer screening and validation

3.3.1 Establish DNA fingerprint data of "Huayou 14' to screen specific primers

Using genomic DNA of 'Huayou 14' and its parents as a template, PCR amplification was performed to screen
SSR primers with good polymorphism. Forty-eight pairs of SSR primers from the industrial standard "Technical
Regulations for Rice Variety Identification --SSR Marker Method" issued by the ministry of Agriculture were
selected for PCR amplification and genotype identification of rice varieties. The PCR amplification system was 20
pL, and the amplification procedure was as follows: pre-denaturation at 94°C for 5 min, denaturation at 94°C for
40 s, annealing at 55°C~60°C for 35 s, extension at 72°C for 45 s, a total of 37 cycles. The product was extended
at 72°C for 10 min and stored at 4°C. After amplification, capillary electrophoresis was used for analysis, and
QIAxcelScreenGel version 1.4 software was used to analyze the original data to determine the genotype of each
SSR locus. The band type of the hybrid was the complementary type of the two parents as the target primer.

3.3.2 Qualitative identification, screening and verification of specific primers by hybrid types

17 hybrid samples and 2 hybrid samples were selected in the field plot planting identification nursery (2017108
and 2018120) for two consecutive years. The hybrid samples were selected through morphological observation,
and the specificity analysis of these hybrid strains was conducted with 48 pairs of SSR markers to further verify
the effectiveness of screening primers. The total reaction system and the reaction procedure are as above.

3.4 Verification of SSR markers for purity identification of varieties

264 and 196 single seeds were randomly selected from samples 2017108 and 2018120, respectively. The selected
population single 'Huayou 14' seeds were used to verify the screened SSR primers. The SSR primer screening test
was the same as the above experiment, and the detection results of the screening primers on the population single
seeds were observed and compared.

3.5 Comparison of different purity identification methods for rice seeds

In SSR molecular identification, SSR primers were used to identify randomly selected single seeds of 'Huayou 14'.
The SSR primer test system and procedure were the same as the above process. In the conventional field plot
identification, 1 000 plants of 'Huayou 14' were planted in The Experimental base of Lingshui, Hainan, and their
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phenotypic traits were observed. Purity (%)=number of hybrid seeds/total number of plants x100. The similarity
between SSR molecular identification method and field plot identification method was compared.
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