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Bacterial community of vegetable straw fermentation system based on metatranscriptomics

DING Jian—li, WEI Dan’, JIN Liang, LI Yan, LI Qiao, WU Kai

(Institute of Plant Nutrition and Resources, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China)

Abstract: In this study, the changes, including the abundance, diversity, and patterns, in an active bacterial community structure were
identified during the rapid aerobic fermentation of vegetable straw. Samples were collected in four different phases during the rapid aerobic
fermentation of vegetable straw : the heating, thermophilic, cooling, and maturation phases. Total RNA was extracted from the samples and
subjected to reverse transcription to obtain ¢cDNA. The 16S rRNA gene was used as the target gene for [llumina Miseq sequencing and
quantitative polymerase chain reaction (PCR). The bacterial abundances, diversity, and compositions were analyzed. The relationships
among the physicochemical factors and bacterial community were determined. The pH value changed significantly during the different
fermentation periods, where the pH was 6.26 in the heating phase but above 8.0 in all of the other phases. The germination index increased
with the fermentation time, exceeding 94%. The abundance of the 16S rRNA gene was significantly higher in the thermophilic phase than

the other three phases. Excluding Simpson’s index, the active bacterial a—diversity indexes did not differ significantly among the phases.
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The dominant phyla in the different phases were Firmicutes, Proteobacteria, and Actinobacteria but their relative abundances varied

greatly. There were significant differences in the compositions and relative abundances of various genera during different periods. Some

bacteria could be detected in the heating phase but not in the other periods. According to the canonical correspondence analysis, pH was

the main factor that affected the microbial community structure.

Keywords : vegetable straw; bacterial community diversity; metatranscriptomics; different fermentation period
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Table 1 Physicochemical factors and Gl of organic materials during the different fermentation periods

ZHY Parameters FHi W Heating phase & Thermophilic phase B Cooling phase & Maturing phase
45 %W Available phosphorus/(mg-kg™) 96.21+5.48a 85.38+3.63h 84.76+2.58h 78.44+4.94h
fili75 % Nitrate nitrogen/(mg-kg™) 52.92+0.27a 45.09+1.93b 44.66+0.32b 43.16+0.44b
£ 75 Ammonium nitrogen/(mg-kg™) 60.79+0.31b 60.39+0.32h 61.51+0.45a 60.67+0.33b
AN Available potassium/% 4.57+0.06d 5.11£0.05b 4.92+0.04¢ 5.52+0.03a
A HLE Organic matter/% 51.03+0.72¢ 54.23+0.85h 56.5+0.7a 56.64+1.48a
42 Total nitrogen/% 1.82+0.04a 1.7+0.02b 1.83+0.05a 1.76+0.05ab
pH 6.26+0.44b 8.14+0.06a 8.78+0.04a 8.58+0.03a
R 2FAEHL Germination index/% 61.81+2.49h 84.88+6.99a 92.37+2.27a 94.11+5.88a

T - B N S AR 22 5 [RAT RS AN ] 5B AN ] I 0 18] 28 534 12 3K 1 (P<0.05)

Note: Data are mean=sd , values followed by different letters in a row are significant among different periods at the 0.05 level.
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Figure 2 Copy numbers of 168 rRNA gene during the different
fermentation periods detected by real-time PCR
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Table 2 Microbial diversity during the different fermentation periods

R IE 3 Fermentation periods Chaol 55 % Coverage Shannon Simpson
SW 891.84+80.2a 0.991 1+0.000 5a 5.0+0.7a 0.83+0.07b
GW 899.31+£18.93a 0.991 4+0.000 5a 5.66+0.26a 0.92+0.01a
JW 847.25+66.6a 0.991 9+0.000 4a 5.33+0.61a 0.87+0.05ah
HS 863.32+43.38a 0.991 2+0.000 5a 5.9+0.14a 0.95+0.01a

T - B N AR 22 5 [R) S0 B AN TR) 7 s AR B TR) 28 53 18 S8 26 K1 (P<0.05)

Note: Data are mean=sd, values followed by different letters in a column are significant among different treatments at the 0.05 level.
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Figure 3 Bacterial community composition and relative abundance of dominant phylum during different fermention periods
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Figure 4 Bacterial community composition and relative

abundance at genus level during different fermentation periods
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Figure 5 CCA analysis between physic—chemical parameters

and microorganisms
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