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Bacterial community and diversity in pit mud of Baiyunbian liquor

analyzed by PCR-DGGE and high-throughput sequencing

HUANG Ying-Na' XIONG Xiao-Mao®> HU Yuan-Liang’ LIANG Yun-Xiang'
ZHAO Shu-Miao""

(1. College of Life Science and Technology, Huazhong Agricultural University, Wuhan, Hubei 430070, China)
(2. Baiyunbian Company Limited of Hubei Province, Songzi, Hubei 434200, China)
(3. College of Life Science Hubei Normal University, Huangshi, Hubei 435002, China)

Abstract: [Objective] To study bacterial community and diversity in pit mud with different-aged cellars
used to produce Baiyunbian liquor. [Methods] Total DNA of microbes in pit mud (2 and 23 year) were
extracted, then PCR-DGGE and high-throughput sequencing technology were used to analyze
bacterial communities. [Results] Bacteria in the pit mud fell into 4 phyla: Proteobacteria,
Bacteroidetes, Firmicutes and Actinobacteria, with dominant genera (>1.0%) including
Corynebacterium, Myroides, Lactobacillus, Clostridium, Acetobacter,
Alcaligenes, Enterobacter, and Acinetobacter. Furthermore, Dysgonomonas, Fluviicola, Proteus and
Wohlfahrtiimonas were present in 2-year uniquely, whereas Staphylococcus, Hazenella, Weissella,
Gluconacetobacter and Morganella were especially predominant in 23-year pit mud. [Conclusion]
Bacterial diversity in pit mud of 2-year was higher than in that of 23-year.

Sphingobacterium,

Keywords: PCR-DGGE, High-throughput sequencing, Pit mud, 16S rRNA gene, Bacterial community
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PCR-DGGE?™ 4
(6] 100 g -20°C
DGGE L12 EZRXFFMLEE: Tug DNA
TEMED
(7] APPLICHEM MagExtractor (PCR & Gel Clean
Up) «C )
Extraction Kit OMEGA pMD18-T
(8-91 [10-11] [12] TaKaRa 40% Mycycle
(13] [14-15] PCR DCode DGGE Bio-Rad
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ST 16R ND-2000 100 mg/L LB 37 °C
Thermo 12 h P2/P3
1.1.3 51#: 16S rRNA V3 P2 (5'-AT PCR (
TACCGCGGCTGCTGG-3") P3 (5-CCTACGGGA ) NCBI GenBank
GGCAGCAG-3") GC-P3 (GC 5-CGCCCG
CCGCGCGCGGCGGGCGGGGCGGGGGCACGGG 125 EREDNASEENF: DNA
GGG-3') MagExtractor (PCR & Gel Clean Up)
1.2 A& Ilumina
1.2.1 EeS DNA 2Bk 4{L:  CTAB (MiSeq)
2 23 DNA —20°C 1.2.6 OTU BEN#: QIIME
1.2.2 16S rRNA #[# V3 X PCR #1§: PCR
(50.0 uL) 5 U/uL Tag 0.5 pL  10xBuffer Usearch 0.97
50 pL 2.5 mmol/L dNTPs 4.0 pL 10 pmol/L
P2/GC-P3 1.0 uL 100 ng/uL DNA OTU (Operational taxonomic
1.0 uL 37.5uL PCR 94 °C 4 min units)!'*!
94°C I min 50°C 1 min 72°C 1min 30 1.2.7 MUERIEE S QIIME
72 °C 10 min PCR 1% OTU Tag
MagExtractor (PCR & Gel Clean Up) RDP 16S (GreenGenes
DNA http://greengenes.lbl.gov) OTU
1.2.3 PCR7=4] DGGE #: 8% OTU
46%—54% (100% OTU .
7 mol/L 40% ) PCR 1.2.8 Alpha ZH M5 QIIME
400 ng 60 °C  0.5xTAE Alpha .
20V 10 min 80V 828 min 2 SR EHH
Quantity One Match 2.1 YHE DGGE ElENHREXRTEEARE
Trace Int yNE
Bio-Dap CTAB DNA
124 DGGE E&KHHEBEENF: 23 kb P2/GC-P3 2 23
DNA 16S rRNA V3  PCR
25 L 4 °C 250 bp
16h  3puL P2/P3 PCR DGGE 2 23
122 35 PCR 1% (1
Gel Extraction Kit Quantity One  Bio-Dap
4.5 uL pMDI18-T 2
100 pL DH5a 900 uL LB 23 32 28 2
37°C 1h 5000 r/min Shannon’s H 3.40 23
1 min 900 puL H (3.29) 2 Simpson’s
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Figure 1 DGGE of V3 regions of the bacterial 16S rRNA
genes from pit mud samples

A 2 B 23
Note: A: Pit mud at 2 years; B: Pit mud at 23 years.

(1/D) 23 28.149 25.786
H Berger-Parker index
d 2 23 0.060
0.055 2
23 (D
DGGE 20

=1

=5R4AE 16S rRNA EF V3 X DGGE Eit%
FEMEFEE

Table 1 Diversity index in DGGE profiles of V3
regions of the bacterial 16S rRNA genes

Index 2-year 23-year
Species richness (S) 32 28
Shannon’s index (/") 3.40 3.29
Simpson’s index (1/D) 28.149 25.786
Berger-Parker index (d) 0.060 0.055

(Proteus vulgaris) 3 11
(Acinetobacter sp.)
2

19
(Acetobacter sp.)
5 7 15

(Pseudoalteromonas sp.)

(Clostridium  tyrobutyricum)

(Morganella sp.) 23

—_

(2

22 SEENFSNERMAESHFE

3 2 23
14212 19698
9356 11 945
419bp OTU 136 112 Chao 1
135.71 114.28
Coverage 95.6% 96.4% Chao1l Coverage
Shannon (5.29 4.86) PD whole tree (8.32
6.36) 2 23
23 2
DGGE
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% 2 DGGE E %7 NCBI BLAST Lbat4E 58
Table 2 NCBI BLAST of the main bands from DGGE

Band No, Closest genera Chinese name Similarity (%) Accession No.
1 Mpyroides sp. 100 KP789061.1
2 Flavobacterium sp. 100 HQ446525.1
3 Acinetobacter sp. 100 AB860302.1
4 Mpyroides sp. 100 KF506840.1
5 Pseudoalteromonas sp. 94 JX287300.1
6 Nitrospina sp. 90 JX645704.1
7 Clostridium tyrobutyricum 100 KF611979.1
8 Lactobacillus acetotolerans 99 NR_044699.2
9 Lactobacillus sp. 100 KP012266.1
10 Corynebacterium sp. 99 KF502438.1
11 Acetobacter sp. 100 KMO005161.1
12 Proteus hauseri 100 KM406467.1
13 Sphingobacterrium sp. 100 HQ663897.1
14 Bacillus sp. 100 HM566888.1
15 Morganella sp. 100 KJ831422.1
16 Mpyroides sp. 99 KC906253.2
17 Proteus vulgaris 100 KT794006.1
18 Clostridium sp. 98 DQ196622.2
19 Acinetobacter sp. 100 KJ831540.1
20 Bacillus sp. 99 KC589184.1

x3 ERERYETSEENFHESIT

Table 3 Data statistics of amplicon sequencing of pit mud samples

S;E)ée An;;l)l:on (izzn ﬁ:ﬁ;ﬁe Nizzg:d OTUs Chao 1 Shannon PD whole tree Coz;e/or)a £e
2-year 16S 14212 419 9356 136 135.71 5.29 8.32 95.6
23-year 16S 19 698 419 11945 112 114.28 4.86 6.36 96.4
Clean read Tag Average length Tag Mapped reads
OTUs OTU

Note: Clean read: The number of reads after quality control; Average length: The average length of clean reads; Mapped reads: The number
of reads be used to clustering analysis; OTUs: The number of OTU in sample.

23 SEENFESTERMEE ZEHER 41.1% 26.8% 26.7% (Bacteroidetes
32.2% 20.5%) 2
(Proteobacteria) (Bacteroidetes) (Actinobacteria  1.8% 11.8%) 23
(Firmicutes) (Actinobacteria) ( 24)
(Proteobacteria) (Firmicutes) 2B 223
2 23 39.2%, 10 78.9% 81.8%

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



380 A2 84 Microbiol. China 2017, Vol.44, No.2

>
o]

Phylum Family top10
100 e 100 = Staphylococcaceae
3 90t i < 90t =Badillaceac .
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g Finmicutes £ uClostridiaceae
S 40t = Bacteroidetes o 40+ Sphingobacteriaceae
Z 30t "Proteobacteria .z 30| = Lactobacillaceae
2 20l ] 20 m[achnospiraceae
o T I Moraxellaceae
< 10} < 101 - = Enterobacteriaceae
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2-year 23-year 2-year 23-year
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2 AEERHERIIA). BHB)KFMEFE L)
Figure 2 Relative abundance of bacterial 16S rRNA genes from pit mud samples at the phylum level (A)
and family level (B) identified with a modified 16S rRNA gene database

(Staphylococcus) 1%
(Flavobacteriaceae  21.3%  3.0%) 87.0% 2
(Enterobacteriaceae  12.1% 14.7%) Dysgonomonas  Fluviicola (Proteus)
(Sphingobacteriaceae  6.9%  16.9%) Wohlfahrtiimonas 23
(Clostridiaceae  4.2%  2.4%) (Staphylococcus) Hazenella
(Alcaligenaceae 3.4%  4.4%)
(Brucellaceae  2.8% 4.7%) 2 F4 FREDEEMAFERBBENFEEE2.5%)
Table 4 Relative abundance (%) of 14 major families
23 (=>2.5%) from each pit mud sample
(Moraxellaceae) (Lachnospiraceae) Taxon name 2-year (%) 23-year (%)
(Lactobacillaceae) Flavobacteriaceae 21.3 3.0
(Xanthomonadaceae) 23 .
Enterobacteriaceae 12.1 14.7
2
. . Moraxellaceae 9.7 1.0
(Corynebacteriaceae) (Bacillaceae)
Lach i 7.6 1.6
(Staphylococcaceae) ( 4) achnospiraceas
5 2 Lactobacillaceae 7.1 1.8
(Myroides) Sphingobacteriaceae 6.9 16.9
(Acinetobacter) (Clostridium) Clostridiaceae 42 2.4
(Lactobacillus) (Sphingobacterium) Xanthomonadaceae 3.8 0.0
(Enterobacter) Wohlfahrtiimonas Alcaligenaceae 3.4 4.4
(Proteus) 1% Brucellaceae 2.8 4.7
74.1% 23 Acetobacteraceae 2.5 13.3
(Sphingobacterium) (Acetobacter) Corynebacteriaceac 14 o
(Corynebacterium)
Bacillaceae 0.6 7.7
(Morganella) (Bacillus)
Staphyl 0.0 3.1
(Ochrobactrum) (Clostridium) ApTyloconeacea
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x5 ERPEEMERRENEXNEEEEI%)

Table 5 Relative abundance (%) of 25 major genera

(=1%) from each pit mud sample

Taxon name 2-year (%)  23-year (%)
Corynebacterium 1.4 9.6
Dysgonomonas 2.1 0.0
Fluviicola 1.0 0.0
Mpyroides 19.8 2.0
Sphingobacterium 6.4 16.7
Bacillus 0.6 7.7
Oceanobacillus 0.2 1.2 B3 AERZERFEMRHARREKFE Venn E
Staphylococcus 0.0 3.1 Figure 3 Venn diagram of bacteria from different pit mud
Hazenella 0.0 1.2 samples
Lactobacillus 7.1 1.6
Weissella 0.0 23 (Sphingobacterium 6.4% 16.7%)
Clostridium 9.2 3.4 (Acetobacter  2.5% 13.0%)
Ochrobactrum 0.9 4.2 (Acinetobacter ~ 9.7%  1.0%)
Acetobacter 23 13.0 (Corynebacterium 1.4% 9.6%)
Gluconacetobacter 0.0 22 o o o
Advenella o1 17 (Clostridium 9.2% 3.4%) (Morganella
Alcaligenes 27 2.0 0.1% 8.9%) (Bacillus  0.6% 7.7%)
Comamonas 1.2 0.2 (Lactobacillus  7.1% 1.6%)
Enterobacter 39 24 (Ochrobactrum  0.9% 42%) ( 4)
Morganella 0.1 8.9 DGGE
Proteus 3.5 0.0
Providencia 0.4 1.6 3 %iﬁ _"a“-i;‘h‘ﬁ
Serratia 0.3 1.2 DGGE
Acinetobacter 9.7 1.0
Wohlfahrtiimonas 3.6 0.0 (Corynebacterium)
(Myroides) (Sphingobacterium)
Weissella Gluconacetobacter . e
( ) ( ) (Lactobacillus) (Clostridium)
(Morganella)
(>1.0%) (Corynebacterium) 9 25¢
Myroides Sphingobacterium 8 201
Vi PAING g
. . 7 = 15t
(Lactobacillus) (Clostridium) g = 2-year
< 10} =23-year
(Acetobacter) (Alcaligenes) °
5 5|
(Enterobacter) (Acinetobacter) é
20 2 9 23 d&@ e‘;\\»‘“ 00@ 0&‘ w\»‘*‘ O \\\‘ \\\”s &x\\“\
$O 0% (0 (0 o o ot %° o
55 (3 W %300 a «00 e @o‘ \o 8‘\‘0
o 0
DGGE o &
=T i oo S g o ek = b Genus
24 SEBENFSTERAEIZEMNETR
s o 4 BRHREEEEHE 10 OARER
Figure 4 Top 10 fluctuations in the composition of bacteria
(Myroides 19.8% 2.0%) between the pit mud samples
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(Acetobacter) (Alcaligenes) (Clostridium) (Lactobacillus)
(Enterobacter) (Acinetobacter) (Bacillus)

2 [24] (Clostridiaceae)
23 7] (Ruminococcaceae)
1-25 (Thermoanaerobacteriaceae) (23]
25 [26] (Bacillus)
2
23 —
(Proteobacteria) (Bacteroidetes)
23 (Firmicutes) (Actinobacteria)
) -
2 23 (Lactobacillus) (Bacillus)
(Sphingobacterium) (Clostridium)
(Acetobacter) 3 3
(Corynebacterium) (Morganella) (Lactobacillus)
(Bacillus) (Ochrobactrum) (Bacillus) (Clostridium)
2 23
2 (Staphylococcus)
Hazenella (Weissella)
(Gluconacetobacter) 23 2
(Acetobacter)
(Weissella)
(Gluconacetobacter)
(Corynebacterium)
(Myroides) (Sphingobacterium)
(6] (Acetobacter) (Alcaligenes)
1 Guo % (Bacteroidetes) (Enterobacter) (Acinetobacter)
(Firmicutes) [7.21]
(Lactobacillus) (Bacillus)
(Clostridium) (Petrimonas) DGGE
I Ding DGGE

(Clostridium) Liang DGGE DGGE
23] DNA 1.5% (2

(Firmicutes) (Actinobacteria)

(Proteobacteria) (Synergistetes)
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