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Mrie b b R R EE (S5.96.S7) , kil B B (S8) .
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b NS E Y HARA R A ; AxyPrep DNA #E
JBE IR &, 56 1 Axygen 242 H]
12 MUR5EF

NanoDrop2000 ## 13 & 43 Ot ot B it , 26 [
Thermo Fisher Scientific 23 A ; Quantus™ 2¢ %11,
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1.3.1  JEPZ DNA 2500 ¥l & BEFE S DNA
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BN W R e PR VARSI DNA ) 2 30U &
1.3.2 PCR ¥ 3% Wl /7 DL b & A Al 5
DNA J &t , H 51 ¥ 338F (5 —-ACTCC-
TACGGGAGGCAGCAG-3") HI 806R (5'~-GGAC-
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V3-V4 X347 PCR §715; H 5149 ITSIF (5-
CTTGGTCATTTAGAGGAAGTAA-3") Fl ITS2R (5 -
GCTGCGTTCTTCATCGATGC-3") X E B ITSI X
HATY M . PCR ¥ 352 .95 CHUZE P 3 min, 27
AR (95 CAEME 30,55 CiB k 30 s, 72°C HE il
45s),72 CHaE LA 10 min, PCR ¥ 34 1k & (20
wL) :5xFastPfu Buffer 4 wL,2.5 mmol/l. dNTPs 2
pL,5 pmol/L. 514 0.8 pl,5 pmol/L T ¥iF 5]
¥ 0.8 pL,FastPfu 40 0.4 plL,BSA 0.2 pL, &
. DNA 10 ng, #M 2 ddH,0 % 20 pL, PCR /=¥ 1
HE S P e AR W B R A IR A\ o8
B, ¥ SF- /5 24 Tlumina Miseq PE300,
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Table 1 Diversity indexes of bacteria and fungi in soy sauce

- 29 i
o kR 7& - Shannon . Shannon .
Y% OTU  Chao 84 ) BEE OTU Chao 784 ] B AR
CE e B4

) o S1 55 88.0000 1.3999 0.9997 8 8.3333 0.0095 1.0000

LB A B LR S2 201 250.1364 2.3705 0.9987 4 4.0000 0.0012 1.0000
LB K B P R S3 75 98.3333 2.1425 0.9994 7 7.0000 0.0068 1.0000
B AT & S4 85 115.6667 2.2004 0.9993 6 6.0000 0.0048 1.0000
LEE R B kA S5 161 195.7308 2.1188 0.9988 12 22.0000 0.0768 0.9999
LR P A S6 116 173.4000 2.1788 0.9988 9 12.0000 0.7295 0.9999
LEBABT & S7 69 90.1111 1.9535 0.9994 15 16.5000 0.8766 0.9999
Wb S8 163 212.0000 2.3303 0.9986 13 13.2500 1.0028 1.0000

212 WAYR Beta ZREMEIHT R Weight- T I el SR B B Y A S B Bef 22

ed UniFrac B85 5512 A7 1 A [A) A i 18] 49 P 26 52 1)
AFARL PR ST 3 3 JE i AL 2H S 34 % (Unweighted
Pair—group Method with Arithmetic Mean, UPG-
MA) XA S BEAT B M, W 5895 ik A2 7 4% B B
A5 i ) A v ZEL ISR AR DA PR 22 S P, A VR 2R
J La o, il i By BeRE b ST A BL— 28, 3§ B &
T B BE b /N IR — RS, Hoh B R
M B JZEE A (S2 F0 S5) Ry —2K B R T
JZ A B BERE il (3,94 ,S6~S8) oy — K 4521

S, T B A T 5 9K Tk B B 1% 40 B AR ) 5 & L
W EENAE ST FEAES, RS TR
HRE R, HEERGERER b BoR, Fr A ke R
IR S i i B A L) R R 2 R A (ST~
S5) A —2 BB K N 25 A B BORE i (S6~
S8) Ay —J&, 4R i [l L, il ith 5L
PR WE T BL A EL TR AL, LS PPN K 19 -5 b 3l
W BLAY L AR 25 6] b R RS R R R
G KPS S S T NS S =S T NP (PR X (A1 =
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Fig.2 Venn diagram of bacteria in soy sauce at genus level
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from different fermentation stages (a) and locations (b)
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Hierarchical clustering tree of bacteria (a) and fungi (b) in soy sauce
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Fig.3 Venn diagram of fungi in soy sauce at genus level
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from different fermentation stages (a) and locations (b)
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222 WAEVKERAN EESEKET S
THAFE i Y 4 TR RN L A2 S 45 ) o R SR
P EEART 1%0 G I+ 8 —2 (Others) , 25 3 401
4 Fr7R o PR TR T = 5% ) @ e SR L
JB o AR AR =F BRI S5 A5 R i A O B A B R A
WL AR 2,

El da 20T J& KF A 32 B s, FEA R R
JE = 1% E T, 3645 3] 10 440 58, 550 -
% BR B J& (Staphylococcus ) BRI G H J& (Weissel-
la) VUEKEREJE (Tetragenococcus) . A% 5. i i J&
(Pseudomonas ) . Ji 5 [ T J& (Kurthia) . 7% 5 G
J& (Kocuria) JAFT )& (Enterobacter) FARFT @
(Corynebacterium) . 4 F: & J& (Piscicoccus) . B &
BRI & (Leuconostoc ) . B R J® AN, HAYH @ 7
F I AR I 5T SCHEROO-BIrh A7 1L | Piscicoccus
th SR 44 o R E Y B AUE 1R g 2R
Wi (Piscicoccus intestinalis) , 7725 H 17 P A,
96 b 0 SRR S AR B RRGE R R A
1 S2 (¥ B8 K e I LR K e b B )2 1) #F
T R (1.2%) , HoR ke il B £ /N T 1%, 1
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%) 2 % 0 #5220 I0T TG B, 5 0 A% BE DO 3 it o
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EIRA , 5 WANG SF0 9 B AL A A T 45 0 — 3L
117 5 A A FEUORT LIU 55U 36 1 3 1B A0 3540 0
BT GRS A 22 5, HEDN 36 B8 & e B Bt Y B[]
PR 22 S 23 R A 1 B AR 461, s [a) b 3L
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Fig.4 Distribution of bacterial (a) and fungal (b) community in soy sauce at genus level during fermentation
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Table 2 Dominant bacterial and fungal genus in soy sauce samples during fermentation

. 28 14 /1% /%
e WA PN — Y Py

S1 22.57 71.27 99.90

S2 65.91 15.96 99.99

S3 72.37 11.72 12.98 99.94

S4 64.22 7.87 21.76 99.95

S5 70.44 10.31 98.71

S6 70.19 10.26 13.13 25.03 74.95

S7 83.36 5.15 8.20 62.35 36.83

S8 63.40 11.57 13.72 46.92 52.87

B Z— o A4S A5 SOk b 38 il A 197 0 1R 08
T DY A R B, s ) b FLIR R Y B L
H BT LT W i B A it 25 e A X = 8
LESTESHIE AR R,
2.3 IDhEEFMER

i 5 PICRUSt (Phylogenetic Investigation of
by of Unobserved
States) #KAF43 5% 165 rRNA F1 ITS il /- 45 5 itk
A= Yo E s DR TR , 75 B 41 i COG D REAH XS
FJE (K 5) FIE B MetaCyc pathway A8 X} = J (&
3).

A7 PICRUSE FHREFUIN AT 5 s, 20 R
UIag (F18) ) , 13 3 22 A ThAg B N % %, 54

Communities Reconstruction

i B A S5 AL (F3,5.65%~6.46% ) , & 3 TR
iz i AR (F5,9.97%~11.03% ) , Tk K AL 45 Wiz
by A0 AR (F7,6.69%~7.85% ) , B %% A% A 1A 45+
AWy & W (F10,6.78% ~8.54% ) , %% 5% (F11,
6.51%~6.90%) , &2 il \H 4 fMEKE (F12,4.81%~
5.95% ) , 4 0 RE /B B AR ) B 1 (F13,5.00% ~
5.35% ), LWL & F iz fa AR (F16,6.68 % ~
7.45%) ., iX 8 R E IR I N F %G L Z R
50%Lh 1, Hop, SRS AR AR X R B
o e TH R TR SRR i A S R A2 e AV R X S
FEHERF A S5 (L BEAEE 2 )>S2 (AR A L))
>ST( LR BE T 2 )>S8 (ki ) >S6 ( 2 i & 1 Hh
JZ)>S3 (FLIR KB Z)>S4 (FLFR LB T JZ2)>S1
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Frequency of COG/%
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Fig.5 Relative abundance of bacterial genus predicted COG functions in soy sauce
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(il ih) . 4 COG HyRE T 45 R 3 W . ¥ iih A 1%
PR R B 20 B D) RE T A P TR R MR AR, ]
b L, IR i e R ik o B ) 2 T 2 R A AR
X B v o s 2 R R LR 00 A T e SR TR
FRIAR X B2 T T2 o E SRR e W I IR Y
SEESRUR, TIE 4 SRR h A A AR
255 I da rP i BB I8 AN Gt T B A A 4 BR R
BEBR 3 2 LR BT G B, R 4
BT MR A0 B R X i 2 R B i R A
EH.

P Tl TR A T EC S PICRUS 3 R 00 £ 38 (2%
N3k 3 pias o o R AR 5C A R A8 A i 107 1R
B AL LA A W £ I LB RRAE R RN = R A
B s KA S W AR AR S A B AR AT B R IORE IR A%
GDP H & H A= W1 & M — R IRAG 2 . H A Meta-

Cyc pathway JJ g WUl 45 S0 3R 01 . %0 & Bk &= rp
4 L TR D BE 2 B AR b A IR T A K A S A
X S G A E 5 P T Ak L o) ot R L R A 1
PrBeFE—5, CmERBERRmp B R R
TR A ) IR K R B b R R R
o8, R Brb A R o) T i AL
% e A 2 b 0 T R R T oy AR
T R i B TEA B IR I EE G A RS2
il 52 B i A, DR I EURE 2 O BE2E A PLIR
AR LI, A5 T Ab vl i LR S I
WrBeryih s F R ARG, £ 2 h Ol R EER B R
F ot B = BE AR R, R T X il SO P A
WK AL & 1 00 53 i A FH 32 24 b T4 it AL R
el B, il TR LA e B BLO o e A ] 2 22 4R
e B2

#*3 BHEEBEHMEEINERNAK MetaCyc pathway £ & (87 10)
Table 3 Relative abundance of fungal genus predicted MetaCyc pathway in soy sauce (top 10)

MetaCyc pathway #8 %+ ¥ J% /%

il 3% 4 AR i ¥ &

S1 S2 S3 S4 S5 S6 S7 S8
PWY-7288 fig s B8 B A AL 557 557 557 557 553 307 433 383
PWY-3781 H AR 294 294 294 294 300 7.0 4381 5.67
PWY-7007 WK B A A AR 457 458 457 458 453 1.70 325 266
GLYOXYLATE-BYPASS L BB AE R 325 325 325 325 325 358 334 341
PANTO-PWY B BR L BR R 4 A R 355 355 355 355 353 257 303 283
PWY-6606 By B g T 336 336 336 336 3.33 153 266 231
NONOXIPENT-PWY B BR S HE 18 42 309 309 309 309 307 207 257 236
PWY-5659 GDP H 5 45 £ 4 & &, 281 281 281 2.81 280 239 258 249
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Studies on Succession and Spatial Heterogeneity of Microbial Community

during the Soy Sauce Fermentation Process
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Abstract Microbial populations in the brewing of soy sauce are abundant, diverse and complex. The aim of this study
was to gain a better understanding of global microbial diversity during the soy sauce fermentation process. Succession and
spatial heterogeneity of microbial community in soy sauce production were analyzed by high—throughput sequencing at the
stages of koji-making, mash fermentation and sauce extraction. The results showed that the microbiota diversity, commu-
nity composition, and functional properties of microbial community in soy sauce fermentation exhibited distinct stages and
spatial heterogeneity. In the analysis of alpha and beta diversity, the bacteria diversity were higher than that of fungi.
The microbiota exhibited a higher biodiversity in the stages of mash fermentation and sauce extraction than in the koji—
making. The mash from the upper layer exhibited high bacterial diversity and the lower layer exhibited high fungal diver-
sity. In the analysis of community composition, there were 147 bacterial genera and 19 fungal genera by amplicon se-
quencing during the soy sauce production. Staphylococcus, Weissella, and Tetragenococcus were the core bacterial gener-
a. Aspergillus and Zygosaccharomyces were the core fungal genera. Each microorganism showed abundance differences in
time and space. In the analysis of functional predication, the major bacterial function was amino acid metabolism, and
the major fungal functions were carbohydrate and fat metabolism. Conclusively, this study revealed the effects of fermen-
tation time and space on microbial community during the fermentation process of soy sauce, and provided basic data for
the further study of microbiome quality control, regulation of community composition, and optimization of process condi-
tions in soy sauce brewing.

Keywords soy sauce; microbial community; succession; spatial heterogeneity



