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Role of Clostridia community in fermented grains during
Luzhou-flavor liquor production
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Abstract: [Objective] The succession of community structure and potential functional composition of
Clostridia in fermented grains of Luzhou-flavor liquor during the fermentation process were studied.
[Methods] Real-time quantitative PCR combined with high-throughput sequencing was used to study
the dynamics of Clostridia community in fermented grains. 16S rRNA genehigh-throughput sequencing
using specific primers was conducted to reveal the succession of Clostridia community. Biomarkers
were located on OTU-level through LEfSe analysis. Predictive functional composition of Clostridia
community was studied using PICRUSt. [Results] The biomass and relative abundance of Clostridia
community reached their maxima at 14 d (3.46x10" copies/g) and 20 d (6.67%), respectively.
Clustering analysis showed that the structure of Clostridiacommunity in 7-dsample was significantly
different from that in other samples. 17 OTUs were located as biomarkers, and the BLAST results of
these OTUs indicated that most of them represented unclassified bacteria. PICRUSt analysis showed
that Clostridia community mainly participated in amino sugar and nucleotide sugar metabolism and
pentose phosphate pathway followed by fructose and mannose metabolism, citrate cycle, glycolysis,
propanoate and butanoate metabolism. [Conclusion] The biomass and the relative abundance of
Clostridia community in fermented grains of Luzhou-flavor liquor reached their maxima after being
fermented for two to three weeks. The structure of Clostridia community shifted significantly during
the first week of fermentation and then gradually recovered in the following two weeks. A number of
predictive functional genes related to the metabolism of flavor compounds such as propanoate and
butanoate were detected in Clostridia community during 14—21 d of fermentation.

Keywords: Luzhou-flavor liquor, Fermented grains, Clostridia community, Succession, Functional
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Figure 1 Real-time quantitative PCR of Clostridium kluyveri using primer pair SJ-F/SJ-R
Note: A—C: amplification curve, melting curve and standard curve.
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Figure 2 16S rRNA gene copy number (A) and relative abundance (B) of Clostridia community in different samples
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Figure 4 Biomarkers of sample 7 d and other samples on OTU-level
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F1 ZE5% OTUXKF% BLAST L34 R

Table 1 BLAST results of each biomarker’s representative sequence

OTU E
OTU No. Reference strain E-value Identity (%) Accession No.
7298 Hydrogenisporaethanolica LX-B 2.00E-122 95 NR _125455.1
9349 Clostridium butyricum JCM 1391 1.00E-138 99 NR 113244.1
14137 Clostridium tagluense A121 3.00E-115 94 NR_043698.1
6251 Sporomusaaerivorans TMAO3 4.00E-119 95 NR_028991.1
214 Desulfosporosinusacidiphilus SJ4 9.00E-121 95 NR _074132.1
1505 Clostridium tyrobutyricum ATCC 25755 9.00E-131 97 NR 044718.2
4543 Clostridium tyrobutyricum ATCC 25755 2.00E-137 99 NR 044718.2
10796 Clostridium butyricum JCM 1391 3.00E-130 97 NR_113244.1
10800 Eubacteriumpyruvativorans I-6 5.00E-128 97 NR 042074.1
16163 Sedimentibacter hydroxybenzoicus JTW/Z-1 1.00E-133 98 NR 029146.1
15867 Sedimentibacter hydroxybenzoicus JTW/Z-1 1.00E-118 95 NR 029146.1
1511 [Clostridium] populeti 743A 3.00E-130 97 NR 026103.1
14985 Catabacterhongkongensis HKU 16 4.00E-119 95 NR 115269.1
16966 AlkaliphilusoremlandiiOhILAs 3.00E-120 95 NR _074435.1
1819 Oxobacterpfennigii DSM 3222 2.00E-112 93 NR 117690.2
11477 Clostridium sporogenes JCM 1416 7.00E-122 95 NR 113245.1
1726 Hydrogenisporaethanolica LX-B 9.00E-126 96 NR_125455.1
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Figure 5 Functional prediction of Clostridia community in catalog ‘metabolism’
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Note:M1: Amino acid metabolism; M2: Biosynthesis of other secondary metabolites; M3: Carbohydrate metabolism; M4: Energy
metabolism; M5: Enzyme families; M6: Glycan biosynthesis and metabolism; M7: Lipid metabolism; M8: Metabolism of Co-factors and
vitamins; M9: Metabolism of other amino acids; M10: Metabolism of terpenoids and polyketides; M11: Nucleotide metabolism; M12:
Xenobiotics biodegradation and metabolism.
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Figure 6 Functional prediction of Clostridia community in catalog ‘carbohydrate metabolism’
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Note: P1: Amino sugar and nucleotide sugar metabolism; P2: Ascorbate and aldarate metabolism; P3: Butanoate metabolism; P4:
C5-Branched dibasic acid metabolism; PS: Citrate cycle (TCA cycle); P6: Fructose and mannose metabolism; P7: Galactose metabolism;
P8: Glycolysis/Gluconeogenesis; P9: Glyoxylate and dicarboxylate metabolism; P10: Inositol phosphate metabolism; P11: Pentose and
glucuronateinterconversions; P12: Pentose phosphate pathway; P13: Propanoate metabolism; P14: Pyruvate metabolism; P15: Starch and
sucrose metabolism.
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