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Abstract: [Objective] Seeds are an important pathway for the intergenerational transmission
of plant microbiota, while the systematic research on the microbiota carried by seeds remains to
be carried out. In this study, we measured the bacterial abundance, determined the bacterial
community structure, explored the effects of planting regions and rice cultivars on bacterial
abundance and community structure, and identified the core bacterial taxa in rice seeds.
[Methods] We collected 36 groups of samples of 18 rice cultivars, each from Hainan and
Tianjin in China. Each group of samples contained 5 or 10 DNA samples, each of which was
extracted from 3 seeds. The fluorescent quantitative PCR for bacterial 16S rDNA was
employed to measure the bacterial abundance in seeds, and the factors influencing the
abundance were explored. The 16S rDNA amplicon sequencing was performed to determine
the bacterial community structure in seeds. Furthermore, bioinformatics tools were used to
analyze the factors influencing bacterial community structure and the core bacterial taxa.
[Results] We measured the bacterial abundance of 1 080 rice seeds and found that endophytic
bacteria existed in the rice seeds after surface sterilization, with the average abundance of
1.53x10° per gram of seeds. The bacterial abundance in seeds was affected by rice cultivars
rather than planting regions. We measured the bacterial community structure of 180 amplicon
libraries and found that the bacterial community in rice seeds was similar to that in rice plants,
both dominated by Proteobacteria. Planting regions significantly affected the bacterial
community structure in rice seeds. The rice seeds from different planting regions were clearly
separated in principal co-ordinate analysis, while there was no significant difference between
japonica and indica. In addition, rice seeds had core bacterial taxa, with the relative abundance
up to 85.56%. [Conclusion] This study systematically revealed the bacterial abundance and
community structure in rice seeds and their influencing factors, providing data and methods for
using seed-borne microorganisms to improve rice health.

Keywords: bacterial community in rice seeds; quantitative analysis of community; 16S rDNA
next-generation sequencing; composition and structure of seed microbiota; core bacterial taxa
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Table 1 Rice cultivars used in the study

Japonica Indica

JetE 31 wled

Longjing 31 (LJ 31) Huanghuazhan (HHZ)

K 88 AT

Jijing 88 (JJ 88) Shuangkangmingzhan
(SKMZ)

RS 5 %5 ESEENINER S

Huaidao 5 (HD 5) Taiguoxiaoxiangmi
(TGXXM)

75K 321 9311

Xiushui 321 (XS 321)

TR s 5 Ik 63

Zhongkefa 5 (ZKF 5) Minghui 63 (MH 63)

TRk 85 K 164

Zhongkefa 8 (ZKF 8)
Rz 29

Wuyunjing 29 (WYJ 29)
eI =S

Jinchuan 1 (JC 1)

A 919

Jindao 919 (JD 919)

Minghui 164 (MH 164)
TR 1577

Yihui 1577 (YH 1577)
B 527

Shuhui 527 (SH 527)
FK 498

Shuhui 498 (SH 498)
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Figure 1 Quantitative measurement and influencing factors analysis of bacterial abundance in rice seeds. A:
qPCR to measure bacterial 16S rDNA in rice seeds. Mean and SD were calculated from 360 DNA samples.
White column indicates bacterial abundance per seed, and yellow column indicates bacterial abundance per
gram of seed. B—D: Effect of rice cultivars on bacterial abundance in seeds. B and C show the bacterial
abundance of 18 rice cultivars planted in Hainan (B) and Tianjin (C), respectively, and D shows the
comparison of bacterial abundance between japonica and indica. E, F: Effect of planting regions on bacterial
abundance in seeds. E shows the difference in bacterial abundance of 18 cultivars planted in different regions,
and F shows the overall difference in bacterial abundance between Hainan and Tianjin. B, C: One-way
ANOVA was used to test for significant differences, different letters indicate significant differences (P<0.05).
D, F: Student’s t-test was used to test for significant differences, ns: Not significant; *: P<0.05. E: One-way
ANOVA was used to test for significant differences, *: P<0.05; **: P<0.01; ***: P<0.001. B, C and E: Each
column represents one cultivar. Mean and SD were calculated from 10 DNA samples.
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B Proteobacteria: 89.80%

B Actinobacteriota: 9.02%
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Others: 0.01%

W Pantoea: 27.70%

I Rhizobium group: 19.63%

B Methylobacterium: 12.08%

Wl Sphingomonas: 8.67%

0 Curtobacterium: 8.23%

B Pseudomonas: 7.81%

" Xanthomonas: 4.66

W Wolbachia: 1.96%

B Aureimonas: 1.57%
Acidovorax: 1.37%

I Others: 6.31%

2 16S rDNA — R F 5 #rok fEfh 7 R BE RV LA B AN 45 4

Figure 2 Bacterial composition and structure in rice seed analyzed by 16S rDNA amplicon sequencing. A:
Relative abundance at the phylum level. Phyla with relative abundance <0.5% were classified as others. B:
Relative abundance at the genus level. Genera with relative abundance <1% were classified as others. The

figures show the average of 180 sequencing samples.
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Figure 3 Effect of planting regions on bacterial community structure in rice seeds. PCoA was based on
OTU level, Binary-Euclidean distance. Significant differences were tested by multivariate permutation
variance analysis and R and P values were given. Ellipses represent 95% confidence intervals (n=5).
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Figure 4 Effect of rice cultivars on bacterial community structure in rice seeds. PCoA was based on OTU
level, Binary-Euclidean distance. Significant differences were tested by multivariate permutation variance
analysis and R and P values were given. Ellipses represent 95% confidence intervals (n=5).
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Figure 5 Core bacterial in rice seeds. A: Venn diagram showing the number of shared and unique OTUs
within each group of seeds including Hainan japonica, Hainan indica, Tianjin japonica, and Tianjin indica. B:
Venn diagram showing the number of shared and unique OTUs among each group of rice seeds, including
Hainan japonica, Hainan indica, Tianjin japonica, and Tianjin indica. C: Relative abundance of core bacteria
taxa at the phylum and genus level. D: Relative abundance of core bacteria taxa from different groups at the
OTU level in the total seed microbiota. Significant differences were tested by one-way ANOVA, ns: Not
significant; *: P<0.05; **: P<0.01; ***: P<0.001.
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