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barcode P51, 25 uL AWK R AL 2.5 ul )
10xPyrobest buffer, 2 uL # dNTPs (2.5 mmol/L),
WERE 59745 1 ul (10 umol/L), 0.4 uL f*) Pyrobest
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25 MEFR, A 72 °C fREF 10 min; HER Y PCR
PHEREFF 195 °C Wik 2 min; 95 °C 451 305,61 °C
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72 °C fR4F 10 min, PCR j= YR 2 /i i 410H 254 7
ai U, 4lifb J5 1 7= ¥ 4 NanodropND-1000
UV-Vis & #it, 2876 PCR =915 0 FRIR G,
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FI A R 16 TP S R AE7E DDBI B8l e, 25 R
DRA005468 #1 DRA005469,
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Jsi 4R 4143 ) QIIME pipeline iJE4 740381,
(1) FPANHZE, EBRbR%s . 5IFEERPs; (2) 2%
PRAICEE/NT 110 bp, BOWIBHIE K T 2 AT 411y
it/ 30 439)7 415 (3) UCHIME ZiBit &1k o
e Jr (A UCLUST $2 7 i Y 7 S1UAR SR 97 %P
FUARBLEE R AN [R] iR 1 0 2R BT (O TU) , Jfit
AN Y Chaol F1 Shannon $5%5 .
L5 BdEST
1.5.1 JURAHT(RDA): 54 PG K 5 Fi0
YRR SR Z B G &R, 76 R IES Pl
FH Vegan G053 Hr¥RBE A1 X HE VR S5 A O 520, 5
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1.5.3 WKL TR HBEY SR Z
Spearman F& R % (p), kit p>0.5 H. P<0.05 )i%
FAE T AL X 52 o X F A W =2 1a) i A B
(co-occurrence) 73 M1, B LI B MAY Z M1
Spearman A R %, SR 1EHp[>0.8 H. P<0.05 i1y
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ik

i Nlumina Miseq WP RAf & & I R H Y
AR XTI, B e 3453 450273
KRBT, PR FEARRA 2814245001
% ;0155 3824 41~ OTUs, B~ S A5 51 239495
A~ OTUs. ¥ FER, Bfiadtfds] 450273 56
BRI, SFEEHEA BA 89898439131 7% ;
FHAFE] 1799 4> OTUs, FAHEMLIEAFH] 11215 4>
OTUs. RSB RIGLE 99% L F, KU
8 4 0 % R T e TR O LR
& B0 Chaol 1 Shannon 58455 ILZ% 1.

WG R, R, 0-8d FEH M3
MEFEHES, 45 Saccharomycetales, Eurotiales
#1 Mucorales; 8 d ZJ5, WM Saccharomycetales
F1 Trichosporonales (K 1-A), X F4E, 7E
W)/ 10 d N, Lactobacillales #1 Bacillales 1L ;
ZJ5 Lactobacillales TG IGH I i a4 ML # . S
kP, Saccharomycetales (51.12%-95.21%)4
Lactobacillales (39.39%-94.65%)7ER&AN % Wi fi
HAMRRILEN:. EJRAFI38] 69 LR & Al
215 PN R  FEX LB W, Pichia (11.27%-49.51%)
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# 1. Iumina MFHFKITER

Table 1. Sample statistical information about Illumina sequencing results

16S ITS
Sample ID ’ ’
ample Reads OTUs Good’s Chaol  Shannon  Reads OTUs Good’s Chaol  Shannon
coverage/% coverage/%
GNO_1 29562 199 99.86 227 3.01 91193 90852 99.95 125 3.32
GNO 2 20254 149 99.79 214 2.39 93725 93287 99.95 129 3.57
GN5_1 31869 382 99.73 450 3.08 84125 83952 99.96 124 3.73
GN5 2 33317 306 99.74 376 2.86 51580 51443 99.97 104 3.11
GN8 1 27029 238 99.76 315 2.51 146085 145843  99.95 125 3.15
GN8 2 31969 376 99.73 451 3.03 65313 65071 99.94 143 3.63
GNI10 _1 20693 315 99.47 474 2.79 199146 198786  99.94 134 2.34
GN10 2 27161 383 99.78 425 3.59 99743 99414 99.95 128 3.32
GNI15_1 27722 221 99.69 329 1.17 59279 59111 99.95 121 3.07
GN15 2 33162 167 99.78 278 1.01 54972 54790 99.95 116 3.00
GN20 1 27095 292 99.63 376 1.23 64047 63805 99.96 109 3.45
GN20 2 34782 115 99.89 161 1.26 129654 129513  99.95 102 2.43
GN30 _1 34850 233 99.70 357 0.83 53366 53158 99.97 105 3.12
GN30 2 19903 199 99.56 297 1.35 91661 91576 99.96 91 1.78
GN40 _1 25459 174 99.65 325 0.89 123240 122946  99.93 136 2.15
GN40 2 25446 75 99.88 117 1.08 116432 116129  99.97 106 3.28
(A) 100 Fungi Bacteria
N B Fungi_others <
< B Chactothyriales =
= 80 = Mucorales 2
S I Trichosporonales | &
SIS = Eurotiales /M
£7T 60 B Saccharomycetales
=5 B Bacteria_others
25 1 Pseudomonadales
S 2 40 == Rhodospirillales o
23 B Clostridiales 2y
= 1 Enterobacteriales S
s 5 B Bacteroidales =
& I Bacillales
I | actobacillales
0
0 5 8 10 15 20 30 40 0 5 8 10 15 20 30 40
t/d
. . mm Fungi others
(B) 100 Fungi Bacteria =) The;gmfoascus
W Saccharomycopsis
— = mm Rhizopus
- mm 7richosporon R
o 80 == Aspergillus g
2 B Saccharomyces =
£ | — Candida
2 60 mm Dipodascu
22 . . mm Pichia
s 3 == Beterial others
> 5 40 mm Pseudomonas
=2 ‘— = Alkaliphilus <
< == Acetobacter =
R 20 B Prevotella 2
B Pantoea 5]
| == Lactococcus /M
1 Enterococcus
0 B Bacillus
0 5 8 10 1520 30 40 0 5 8 10 15 20 30 40 mm Lactobacillus

t/d
B 1. REEREPHEMEFREMERKTFQOFBRKFEBRSHEL

Figure 1. Distribution of microbial community at the order level (A) and at the genus level (B) in fermented

grains during the fermentation process.
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Dipodascus (4.03%-41.38%) . Candida (1.48%25.88%).
Saccharomyces  (1.19%—13.48%) #l
(1.19%—13.84%)TE BN AW B B A —E 1
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HRF) 92.80% (& 1-B).
22 REAREBREEYREL

fER BT R, JLEE N 61 AMIEHYY, {24E
S FhEEE . 10 FHERZE . 25 FRAEES . 17 PS5 FE AL
B 4 RIS W(E] 2). FET XSG Y)

Color key (z-score)
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I

Ethyl-B-4 hydroxy-3-methoxy-phenyl-propionate
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Ethyl-phenylacetate
Benzoic acid
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urfural
2.4-Di-tert-butylphenol

2. BRRAEEEIE P RKL ST ILRE

Heatmap of change in metabolic profiling during the fermentation process. Clustering analysis was

Figure 2.
performed using Pearson correlation and Euclidean distance based on the relative content of metabolites during the
fermentation process. Data were processed by z-score transformation.

actamicro@im.ac.cn



FMBEE | YA, 2018, 58(1)

147

AR5 S R T R, FEAR T 2 Mk
FERT B (BB I: 0-20 d; BB I1: 2040 d). R
Yy RT LAY G 3 41 4R T4y 21 AAk-&4(9 Rhik
X, 6 MRS, 5 RO EARM 1 RIS, A 10
5 37 PB4 FERZS, 11 FMOFEZE, 16 FhiE
X, 5 FhEEZE, 1 RhAERZS); 4 I MEEA 3
Fr G, B 2,4-0RCT BEARE | RS A
FemeE . 1 A S WTERTBI(10-15 d)Fi5
(20-40 ) 745 410 Rtk S LF-1E )G
Ay H I FERBERIIR0 d AT 5 d)yFL S 1
(20 d ZJE) By & ARG . XKW 20 d Z 51
2 PRI 2 TP A2 T 3o R R g DR A 5 1 7 0
2.3 BARMRERORA YR

FATIEBCEFEAERT 20 94N & FIRT 20 Y E
W, THAX 40 NE S 61 R Z Il

Rhin?adiella
VC29

VC40

VC47

Pseul

poron
D ‘-»4"' G5
%‘ Vie22

Tri
VC

VC

, VCH/;%“”’U“
'C4 V32
”&w‘vm@ll @ Alcohols

IR
'7/\:‘&4] ycé;\}c“ h

Dip@@laseusNG30

Spearman ¢ &2 (p), I p>0.5 H P<0.05 1F
HA B W 2 T AN s 3. Al LRI,
Lactobacillus F1 Saccharomyces F2¥E 355 K 2
Mg 36 H122), MRAMEG Y 2B | BR2E
RERADF B ALY, JUHEX 2 AR AR STk E
B O R(VC10)MI L EE(E), H. Lactobacillus 5
FLER(VCO WA B35 M IEAA G . Candida 5FR L
Fig (VCA4), L PR 5 IKHBR(VC3) . 2-H JE-1-T P
(VC1), ZRZLBE(VC54). FILEE(VC2)M L BE(E)ER
A —E R IEA RN . I OB (S) FUBRIE (VC24) 1 5
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MRS Y HA BERR R LU R4 RERY
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PREIRIZE (5 B LR 1,

Acids @ Microbial genera
Esters @ Reducing sugar
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Heterocyclic compounds

B 3. ARSI KM L

Figure 3.

Correlation network between microbial genera (pink) and compounds (other colored circles indicate

different groups of compounds) calculated by statistically significant (P<0.05) Spearman correlation coefficient

(p>0.5). The size of nodes indicates the degree of connections. Edge thickness represents the proportional to the

value of Spearman’s correlation.
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HRFHAEW Z BRI EAE G R, a3t
B I 4% 53 H7 (co-occurrence network analysis), 3
2] 38 AN R 9 5 (nodes) 1 267 41l
(edges). MZEHIRIERHCN 0.622, BmIERETT
ST EABY 12 F0mMiEE) K20
Lactobacillales, Enterobacteriales F Bacillales, fi
$& Lactobacillus . Bacillus . Enterococcus .

Lactococcus . Pantoea . Rhizopus . Carnobacterium .
Acinetobacter . Leuconostoc . Oceanobacillus .

Paenibacillus . Saccharomycopsis. Staphylococcus .
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Streptococcus . Thermoascus

Clostridium . Wickerhamomyces . Penicillium .
Corynebacterium F Trichomonascus , 45 % J& ) 1L
P& (incidence of co-occurrence)fE 2% (K 4),
JeHE Lactobacillus 5 HA 15 & HA B35 1)
UM e PE o L Ah, Lactobacillus . Rhizopus .

Bacillus . Lactococcus . Saccharomycopsis .

Alkaliphilus . Thermoascus . Enterococcus

Eurotiales Corynebacteriales
5 | @Saccharomycetales @ Clostridiales
2 | O Bacillales @ Bacteroidales
O |@Lactobacillales Other order
@Enterobacteriales

—— Positive interaction
Negative interaction

Saturdispora

Pantoea WEMIX EREAE 1%L I, HILEIRYY
TE 3.5%VA I o Pichia #1 Dipodascus WJ~F-IJHIX} =F
FE I HASE, A9 28.91%F1 25.95% (55 2).
Alkaliphilus . Enterococcus # Pantoea I\ K&k
HTshWmiE . R ARG a3 HOX 6 b & 1 .
AT YER R

AR IR DT RR AR L, AHEL AR 5C 2% 56 5 R AT
XNEEWE 3, K4, £ 2), BEkEERPZ
DAY F A S 10 A8 . Lactobacillus
Saccharomyces .  Candida .  Rhizopus .
Saccharomycopsis . Pichia. Dipodascus. Bacillus .
Thermoascus F Lactococcus. %IRRT % %E BIA%
OHARER S HES) T XRAE A, R
Y — E I A TR S A R R B, Rl
Tl A= e DA e 56 11 16 78 HA A S 35 B AH S
(K 5, =0.627, P<0.001), $iHIX 10 N@Ardd
JE I AZ U WA A 2 1S i I e XA T8
FEMESE

id)athers

Clos tiibar

Corynebacterium
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\ rium

Sacchar omy¢epsis
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Aspergillus

Dipoduscu Pivhia

Candida—Saecharomyces

-
PrevoH
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4. BEEEDHEY < 8 B I R 2% [E

Figure 4. Correlation network of co-occurring microbial genera in fermented grains. Statistically significant

(P<0.05) Spearman correlation coefficient (|p|>0.8) indicates the robust correlations. The size of nodes indicates the

degree of connections. The same color of nodes indicates the same order. Edge thickness represents the proportional

to the value of Spearman’s correlation. Blue and red edge indicate positive and negative interaction between nodes.
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F2. UOHEVIEMBEXEEESMME PRy LR

Table 2. The information about the relative abundance of genus in the microbial group during the fermentation
process.

Genus Average abundance/%  Highest abundance/%  Lowest abundance/%  Incidence of co-occurrence/%

Lactobacillus 52.53 93.27 3.15 4.68

Bacillus 16.78 47.23 0.88 4.49

Enterococcus 7.55 20.19 0.39 4.49

Lactococcus 6.43 16.48 0.20 4.49

Rhizopus 4.71 24.83 0.03 4.49

Pantoea 2.15 4.97 0.16 4.49

Saccharomycopsis  1.86 10.80 0.08 4.12

Alkaliphilus 1.35 3.77 0.07 3.75

Thermoascus 1.14 5.57 0.04 3.75

Saccharomyces 9.73 13.84 5.87 1.31

Candida 18.19 25.88 7.92 0.75

Dipodascus 25.95 41.38 4.03 0.19

Pichia 28.91 49.51 11.27 0.19

Incidence of co-occurrence is the ratio of targeted edges to total edges.

KL =0.627
P=0.0003

5.00 F L

(45.17%)

4.00 -

0.00 -

Metabolites PC1

-1.00

-2.00 . . .
-1.50 -0.50 0.50 1.50
Core microbiota PC1 (56.74%)

5. WAEYIRSESHFIRKE M RYIE XM
Figure 5. Correlations between core microbiota PC1
(56.74%) and metabolic PC1 (45.17%).

2.4 IRBERR DR YRR R

a7 B 10 @ AUSAZ O REE PRI R
WY ZRMER, RIS Pt s E et
HHATHR RIS B Y . B SR IR N T
IS YN R AR, . BRIEFEREE, LA
RGNS Ol IR RR(E 2). TR

MBIl 7 AP R BRI M B4 R o B9 A% O R )
TR B (74.38%) , TEFREE D 2 10 2 4K 5
PRI AR B FEE R (] 6) SEFFRI& BT 1Y
SERFW], X0 AR PR 0T ELA E
MR 5 A4 Koy, R, R &R
W, X 5 AR SRR A B
BERMREC>0.5, P<0.01) (3 3), b2 FFN
TE V& A8 AL B i B M (21.46%) 5 = T ) BRI K
(3.37%) (Kl 6), FEARZCAE YR AR 5%
H B A 0 A A 5 1 R Y Ak 22 R R BT 3K B
1o eAh, PrBP ER A AAy B3R 0 B AR o HE AR
WEA AR BB TN (49.55%). WK 4 iR, &
5B JLF- 5 B% Lactobacillus 1 Saccharomyces 7MY
JRATEERA B IEMSE; Hith 6 MIEER R
W Yj Lactobacillus . Candida #1 Saccharomyces F.
A —EMIEAXYE, Y5 Bacillus . Lactococcus .

Rhizopus . Thermoascus 1 Saccharomycopsis HA

—RE MR
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o ® 3 BOMEMBSTARTZANEEFEER
Interactions Wisss
0 (0 .
49.55% AL YD Table 3. Monte Carlo permutation test of the core
microbiota with environmental factors.
Monte Carlo permutation test r2 P
Core Moisture/% 0.7172%* 0.003
microbiota
Acidity/(g/100g) 0.5273%* 0.009
Unexplained o .
25 62% Temperature/°C 0.7016 0.001
6. FRHEE FXLO B MBI E AR Reducing sugar/(mg/s) 0.6770%* 0,001
Figure 6. Variation partitioning of the core microbiota Ethanol/(mg/g) 0.9042 %% 0.001
among physical factors (PF: moisture, acidity and Lactic acid/(mg/g) 0.2435 0.164
temperature), chemical factors (CF: reducing sugar, o
Acetic acid/(mg/g) 0.3558 0.069

ethanol, lactic acid and acetic acid) and their interactions.

* 4.
Table 4.
fermentation process

FIMER R SZOMEYER Spearman #HX 14

Spearman correlation between each genus in the core microbiota and environmental factors during

) Acidity/ Reducing sugar/ Ethanol/ Lactic acid/  Acetic acid/

Genus Moisture/% T/°C

(g/100g) (mg/g) (mg/g) (mg/g) (mg/g)
Lactobacillus 0.696** 0.644%* 0.736** —0.929** 0.909** 0.732%* 0.615*
Bacillus —0.726** —0.515% —0.809**  0.856** —0.906**  —0.718** —0.662%*
Lactococcus —0.692%* —-0.391 —0.757**  0.885*%* —0.847**  —0.679** —0.609*
Pichia —-0.090 —-0.035 —-0.149 0.106 —0.285 —-0.341 —0.409
Dipodascus 0.147 0.179 0.035 0.006 0.147 0.232 0.176
Candida 0.405 0.571* 0.493 -0.353 0.594* 0.162 0.412
Saccharomyces 0.642%* 0.479 0.557* -0.512%* 0.603* 0.300 0.550%*
Rhizopus —0.712%%* —0.635%*  —-0.758**  (.879** —0.912%* —0.721%%* —0.550%
Saccharomycopsis —0.690%* —0.521* —0.672*%*  0.803** —0.812*%*  —0.609* —0.482
Thermoascus —0.655%%* —0.600* —0.784%*  0.782%* —0.835*%*  —0.597* —0.350

Red and green indicate positive and negative correlation with each environmental factors. The bold indicates significant differences.

** P<0.01; *, P<0.05.
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Core microbiota in Chinese liquor fermentation and associations
with environmental factors

Peng Wang, Qun Wu', Yan Xu

Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan University, Center for
Brewing Science and Enzyme Technology, Wuxi 214122, Jiangsu Province, China

Abstract: [Objective] The aim of this study is to reveal core microbiota during Chinese liquors fermentation, and
to quantify the impact of environmental factors on the variations of the core microbiota. [Methods] The
microbial community composition was characterized by high-throughput sequencing. The volatile compounds
were analyzed by gas chromatography-mass spectrometry. Core microbiota was defined according to the
microbial function and microbial correlation patterns using the microbe-metabolite correlation approach and
co-occurrence network analysis. We used redundancy analysis and Monte Carlo permutation test to analyze the
influence of environmental factors on the core microbiota. [Results] The core microbiota during the liquor
fermentation consisted of Lactobacillus, Saccharomyces, Candida, Rhizopus, Saccharomycopsis, Pichia,
Dipodascus, Bacillus, Thermoascus and Lactococcus. The variations of the core microbiota were mainly affected
by the chemical factors such as reducing sugar and ethanol. In addition, the interaction between physical and
chemical factors was also substantial for the core microbiota variations. [Conclusion] This study disentangled the
relationship between microbial communities and metabolites, found out the core microbiota in the liquor
fermentation process, and quantified the influence of environmental factors on the variations of core microbiota,
hence providing a theoretical perspective for regulating the production of liquors by using synthetic microbial

communities or by controlling environmental factors.

Keywords: Chinese liquors, high-throughput sequencing, core microbiota, environmental factors
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