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Dynamic Succession of Bacterial Community Structure during Fermentation Process of Pixian Bean Paste

Analyzed by High Throughput Sequencing
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Abstract: [llumina MiSeq high-throughput sequencing technology was used to study the structure, abundance and dynamic
succession of the bacterial community in Pixian bean paste during the fermentation process. A total of 731 188 effective
sequences were obtained, which were classified into 11 phyla (Firmicutes, Proteobacteria, Actinobacteria, Chlorobi,
Chloroflexi, Gemmatimonadetes, Fusobacteria, Cyanobacteria, Bacteroidetes, Acidobacteria and Deferribacteres) and
unclassified bacteria, and these were assigned into 37 082 operational taxonomic units (OTUs). The results showed that
the bacterial community richness in Pixian bean paste was high. The species and quantities of bacteria were changed with
environmental change and fermentation time. The bacterial community abundance of sample peijiao (three-month fermented
hot pepper) was largely different from that of samples from five other processing stages (BZ1Y, BZ5Y, BZ10Y, HE1Y
and HESY). Our data proved high bacterial diversity in Pixian bean paste and some novel microbial species, which need
further identification. High-throughput bacterial genome sequencing revealed the presence of a total of 185 genera with the
predominance of Staphylococcus, Weissella, Pediococcus, Lactobacillus, Corynebacterium and Bacillus during the entire
fermentation process, which played an important role in flavor formation of Pixian bean paste.
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Table1 Statistics of bacterial genomic sequence data for Pixian bean
paste samples from different fermentation stages

B IR H L BRI BRUF S OTU%E:
BZ1Y 196 154 190 142 90 982 3506
BZ5Y 352430 344762 166 254 2770
BZ10Y 275 684 268 118 130 676 2 089
peijiao 208 386 208 306 100 772 23362
HE1Y 311 360 303 804 148 826 3508
HESY 199 596 192 840 93 678 1847
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Fig. 1  Rarefaction curves for bacterial communities in Pixian bean

paste samples from different fermentation stages
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Table2 Alpha diversity of bacterial communities at different
fermentation stages

BE i OTU% Chaol#5%(  ACEfE%(  Shannonfg %
BZ1Y 3506 8123.52 8043.36 4.77
BZ5Y 27170 6511.60 6310.75 3.63
BZ10Y 2089 5552.88 5657.37 3.22
peijiao 23362 259 548.20 262 964.80 8.59
HE1Y 3508 7533.88 7227.81 5.53
HESY 1847 4109.15 4173.71 4.48
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Fig.2  PCA results of microbial communities from Pixian bean paste
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Fig.3  Phylum frequencies of microbial communities from samples
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Fig.5  Bacterial community structures of all the samples at the genus level

BIS s 1A [R) R 5 Ta) B K S4B (RTS0D FETE
MBI AR L. T R (BZ1Y) B EZR
AN N Staphylococcus (65.31%)  Corynebacterium
(3.45%) . Brevibacterium (3.75%) . Ignatzschineria
(2.46%) . Lactobacillus (2.26%) FlPediococcus
(2.24%) . MEE KRBT SStaphylococcus & &
B L TF, Corynebacterium® =5 Tt 5 F %,
Brevibacterium ¥ 5 & 29T FERGES . BT R
¥ (BZ5Y) [MEEY 1 NStaphylococcus (74.07%)
Corynebacterium (6.99%) . Bacillus (4.24%)
Weissella (2.49%) , BacillusHlWeissella 121 H 3K G
WK RN, WAREE Z g A BT LR P A i
M5, WJeotgalicoccus 21 KBV R S a6 F, 1
BT REEG ARSI E] . Brenneriafl|Methylobacterium
HE I AE I R I R Y, (B R I A R R I8 S
Rz, HalomonasflParacoccust 1 L 7E § T &
Berh ), BEJE —EAFMEME TR T RORBEE R . B TR
FREEPIRE (BZ10Y) , LB W HE AStaphylococcus
(79.93%) . Pediococcus (3.28%) -
(3.22%) + Corynebacterium (2% ) FWeissella
(2% o BRI, A2 SR BN BOREE (peijiao) BR
it o (R £ 34 40 6 R Pantoea (13.08%) <
(2.32%) . Enterobacter (2.26%) M Brenneria
(2.16%) , JFHA@IE44.72% R R IS, XL
FHA]REAFAE — LW ME R, [EREAVI. 128
WU 5 5 VR & B AIHELY Hh AR 35 56 A Staphylococcus
(25.26%) . Weissella (11.51%) .
(5.57%) + Pantoea (5.35) FlCorynebacterium
(3.78%) 5 B 7 RBEARM, MATIHHESY o 48 %
A A N Staphylococcus (43.81%)
(6.81%) .

Lactobacillus

Pseudomonas

Tetragenococcus

Tetragenococcus

Weissella (4.89%) . Corynebacterium

(3.41%) FlLactobacillus (3.09%) . KU, 5BEGHFT
IR I FE v AR B AR AR BE I B 2 N R 2R I B A AR,
R st 52 T 5 7 i ) 5 5 XU o

3 o

HAT, SRR TEHMAEDEAT] H R FMEY)
SRR, Rk, RIS B HAR S T R~ A
AR VTPATTRE . 223 R 2T 199843 11, i
S e e R ) AN A A5 A SR A A A SR
M Al REN Y ARk, YRR 2 N A
TR, M. Wi, ShiaysS R s vk e,
T HAEER MM A= I, AR s 28 ol FH AR 7S
PP 257 T 4 A i Y

i 208 0 5 A ) PRI A R oS Bt Rl A A e I e AR
AHLHIRE FE 7= A T ERZI P50, X £ Ok B TR AR AL 32
BT AR K S BB SO E N R E 3 A AR S
KRR, FETB R 2 ] 34 R I A 51 I e (1 B 2 A
FHERRME T KRER BN E S GG, X LR
BRI AHER ,  BE A RIS (] (RS TR R AR BE BN
A [EIINE, 16K TR ) St A — LU B £ 1 Bh K
FE A FBWNE R, OISR G RSB, RN
SIS BL S R N ot B (A E PE RS P T . ASBF ISR T
PSS G A R B R AN B mE W Y, A SRR AR
TEANME G R AMEE A Staphylococcus
Weissella Pediococcus~ Lactobacillus. Corynebacterium
FBacillus, "CAIIAEE R b BE B R4 84k, {HAH
MR E s =IGEER, EATTR AR GO S X
B AR L RS . IR SR BT AT A R AR R SR Tk BB
O A AR T IR S . kB D
SR FH 5% il e X V7 - 73 A s 2 e 1R L K R S L S 3
B 5 K Staphylococcus xylosus & BN R W 72
RSN, AW b Staphylococcus [ 41 £ i
(25%~80%) WAL KBRS G4t s . @
Ws Staphylococcus ¥4 1 (0 % BR B N EUW 1, R L
HIERE P AT RBURE, S xylosusEFIBURYER), T
o A7 %) BB A AN O 1 o R A R B 1 A0 B A B
fif #htk, AKEFRFRAS, 7R T BT SO
AT AE o Staphylococcus TE 5 E &k B it
R BRI E A w2 A EMEREHE—PIRA
Wz Wik, AP HEZINKIEStaphylococcus
BRAE AR P ), AR R SRR R B B o 2K B R
MIThRETE . Bacillus 2 5 GO M RE, X
5558 % 00 B B 2 g a5 UL R a4 2 S O s
e RER—. 5, HIRKIMPediococcusH



XY TR

E6mill=

2018, Vol.39, No.04 111

Corynebacterium{E N B TR BN E.
W 525" Pediococcus TE BRI HR 855 H 48 5 4 R I 1% 1 7

SR D RE e T R PR R,

LA B 4 3t 9

S R AL A AL A 55

S %M -

(1]

(2]

[3]

[4]

[3]

(6]

(7

[10]

(1]

[12]

[13]

[14]

HF, KRG, BT, & WA AN R I N 3 G h A 2
P 22 5 xd LR [T]. A [ R, 2014, 33(11): 55-58. DOI:10.11882/
j.issn.0254-5071.2014.11.012.

ZOU Y L, XIANG W L, RAO Y, et al. Diversity analysis of bacteria
in the latter ripening of Pixian soybean paste fermentation based on
16S rDNA analysis[J]. African Journal of Microbiology Research,
2012, 6(42): 7008-7012. DOI:10.5897/AJMR12.1341.

BT, KRGfh, #AE, & SR S AT SR AN A 2 R A
Je S SR I]. YR S, 2015, 40(8): 5-9. DOI:10.3969/
j.issn.1000-9973.2015.08.002.

X, 8, W, & FUIR B AR B LI IR HOR 4 AR B
LSS PRI S BT L[] P B RS, 2009, 28(3): 105-108.
DOI:10.3969/j.issn.0254-5071.2009.03.032.

JKE, T, B, & 0L S B IR R I I R v A R VR 4
PRI, & i 5 R EERHY, 2010, 46(6): 16-18. DOI:10.3969/
j.issn.1674-506X.2010.06.005.

LT, ARIEML, A e, A T om0 e L G S
NE AR [T, &R, 2017, 38(10): 117-122. DOI:10.7506/
spkx1002-6630-201710020.

5, VEA, SEICOT, AE BVL A I A R R IR rh N E ) B DNA
FEEUT LT, AE 544, 2010(1): 119-125. DOI:10.13343/
j.cnki.wsxb.2010.01.011.

WANG Q, GARRITY M G, TIEDIE M J, et al. Bayesianclassifier
for rapid assignment of rRNA sequencesinto the new bacterial
taxonomy[J]. Applied and Environmental Microbiology, 2007, 73(16):
5261-5267. DOI:10.1128/AEM.00062-07.

AMANN R I, LUDWIG W, SCHLEIFER K H. Phylogenetic
identification and in situ detection of individual microbial cells without
cultivation[J]. Microbiological Reviews, 1995, 59(1): 143-169.
HANDESMAN J, RONDON M R, BRADY S F, et al. Molecular
biological access to the chemistry of unknown soil microbes: a new
frontier for natural products[J]. Chemistry & Biology, 1998, 5(10):
245-249. DOI:10.1016/S1074-5521(98)90108-9.

GLENN T C. Field guide to next-generation DNA sequencers[J].
Molecular Ecology Resources, 2011, 11(5): 759-769. DOI:10.1111/
j.1755-0998.2011.03024.x.

MR, EEEE, BRECAR, S5 il I R BOR R i 3 AR ) % A
PRI ZEL 220 58 op B R 0] oh [ 224, 2016, 16(7): 216-223.
DOI:10.16429/1.1009-7848.2016.07.029.

TURNBAUGH P J, RIDAURA V K, FAITH J J, et al. The effect
of diet on the human gut microbiome: a metagenomicanalysis in
humanized gnotobioticmice[J]. Science Translational Medicine, 2009,
1(6): 6799-6806. DOI:10.1126/scitranslmed.3000322.

ZHANG C H, ZHANG M H, WANG S Y, et al. Interactions between
gut microbiota, host genetics and diet relevant to development of
metabolic syndromes in mice[J]. The ISME Journal, 2009, 4(2): 232-
241. DOI:10.1038/ismej.2009.112.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

B, TR, I SCER, 25 N umina MiSeq sy & 575 A
fEHTO-BACTR /K AL B FE 4 1 2 FEPE AL )], fr fhRL2%, 2016,
37(16): 223-228. DOI:10.7506/spkx1002-6630-201616036.

ARFI Y, BUEE M, MARCHAND C, et al. Multiple markers
pyrosequencing reveals highly diverse and host- specific fungal
communities on the mangrove trees Avicennia marina and Rhizophora
stylosa[J]. FEMS Microbiology Ecology, 2012, 79(2): 433-444.
DOI:10.1111/j.1574-6941.2011.01236.x.

EOMER, Aeaid, BRAE, &5 il 87 HoR T R R 3 40 i 1
T 5 TR BT IR G T ] A B HRF), 2016, 24(11):
1754-1763. DOI:10.3969/.issn.1674-7968.2016.11.013.

FIRG, 55 iy, ARk, &5, BTl I T 23 B A ORI
VU & BT S M w10 B FE (D). T K7 B2, 2015(6): 1-8.
DOI:10.3969/j.issn.2095-0780.2015.06.001.

TABERLET P, COISSAC E, POMPANON F, et al. Towards next-generation
biodiversity assessment using DNA metabarcoding[J]. Molecular Ecology,
2012, 21(8): 2045-2050. DOI:10.1111/j.1365-294X.2012.05470.x.

YU D W, JI'Y Q, EMERSON B C, et al. Biodiversity soup:
metabarcoding of arthropods for rapid biodiversity assessment and
biomonitoring[J]. Methods in Ecology and Evolution, 2012, 3(4): 613-
623. DOI:10.1111/5.2041-210X.2012.00198.x.

JIY Q, ASHTON L, PEDLEY S M, et al. Reliable, verifiable and
efficient monitoring of biodiversity viametabarcoding[J]. Ecology
Letters, 2013, 16(10): 1245-1257. DOIL:10.1111/ele.12162.

R, BERENG, BRI, &5, ml I BORTE £ SRR M e e
R[], A= LRE2=4R, 2016, 32(9): 1164-1174. DOI1:10.13345/
j-cjb.150552.

WOLFE B E, BUTTON J E, SANTARELLI M, et al. Cheese rind
communities provide tractable systems for in situ and in vitro studies
of microbial diversity[J]. Cell, 2014, 158(2): 422-433. DOI:10.1016/
j.cell.2014.05.041.

LIU W, XI X, SUDU Q, et al. High-throughput sequencing reveals
microbial community diversity of Tibetan naturally fermented
yak milk[J]. Annals of Microbiology, 2015, 65(3): 1741-1751.
DOI:10.1007/s13213-014-1013-x.

A, HiRE, D2, 55 BTl B R E B N A b A
BER AR HT ). DR & B RN, 2015, 31(7): 50-55. DOI:10.13982/
j.mfst.1673-9078.2015.8.033.

EH, £/, WA, 5 ST el a0 B R S AN A
ZER T[] B Ik R, 2016, 37(10): 242-250. DOI:10.13386/
j.issn1002-0306.2016.10.040.

#PF, KRG, IRV, SRRV G e 2 R AT B
PR BRI 0B (D). £ Tolk, 2015, 36(7): 175-178.

ABRUNHOSA L, INES A, RODRIGUES A I, et al. Biodegradation
of ochratoxin A by Pediococcus parvulus isolated from Douro
wines[J]. International Journal of Food Microbiology, 2014, 188: 45-
52. DOI:10.1016/j.ijfoodmicro.2014.07.019.

JORGE H G G, LUIS C D B, JUAN C C A, et al. Pediococcus
damnosus strains isolated from a brewery environment carry the
hord gene[J]. Institute of Brewing & Distilling, 2017, 123(1): 77-80.
DOI:10.1002/jib.397.

WALLING E, GINDREAU E, LONVAUD-FUNEL A.
Exopolysaccharide biosynthesis by Pediococcus damnosus strains
isolated from wine: elaboration of molecular detection tools[J]. Lait,
2001, 81(1): 289-300. DOI:10.1051/1ait:2001132.



