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Comparison of Bacterial Diversity of Traditional Fermented Soybean
Products from Different Regions Based on Illumina Miseq Technology
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Abstract: In order to explore and utilize the microbial strain resources of traditional fermented soybean products, the
bacterial diversity of five traditional fermented soybean products (natto, douche, soybean paste, meitauza, tempeh) from
different regions were analyzed by using Illumina Miseq high-throughput sequencing technology. The results showed that
the total bacteria count of 5 products were at 7.0~10.1 1g (CFU/g). There were 58 genera whose relative abundance was
more than 1% in 5 products. Among them, the dominant bacteria with relative abundance more than 10% were Bacillus,
Virgibacillus, Proteus, Ignatzschineria, Tetragenococcus, Pseudomonas, Acinetobacter, Ureibacillus, Pantoea and
Pediococcus. Principal component analysis and cluster analysis showed that the microbial community structure of Natto 1,
Natto 2 and Douchi 1 were similar, Meitauza 1 and Meitauza 2 were similar, and Meitauza 3 and Soybean paste 1 were
similar, however, Tempeh 1 was significantly different from the other 4 products. This study would provide a theoretical

basis for the exploitation and industrial utilization of microbial resources in traditional fermented soybean products.
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Hieff® PCR iR # (2xHieff® Robust PCR Master
Mix) . Hieff NGS™ DNA 43 #% £k ( Hieff NGS™
DNA Selection Beads) A9 RM7 (_ i) By
HRRAF]

Pico-21 I & 2000 3£ [E Thermo Fisher 2y
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AR F]; TNDO3-H-H RSB TUEREAS W
W HE IR B A BR 2 F] s DYY-6C Y H, 3k 43 F, U7 .
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E ZB% GB 4789.2-2016 & MUY AR IS TR
SO 7 DA T E T . BRE 10 g BRSBTS
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AT 2 min, HB 1: 10 BYFREFR ST, FE IR 10 F5F6 R
MR R 10" % o W HCG 3 Y R RE AR S TR
100 L, AT PR IR S e EER (TS A), BT
361 °C 737 48+2 h, HHUEE TE TS BT A
NI RBERE S T, TR R 3 IR, 4553k
7~HM 1g (CFU/g).
1.2.3 DNA MH2HC  RATZERIZH DNA $2EH &
PEH 8 Pl A W R L L I AE 4 DNA, A 1<TAE Bt
il 0.8% BN VHEERS, UK A 1<TAE, &
230 V I, HBUK 12~15 min, K] DNA 52584
1.2.4 PCR ¥ Epmsy  LISREIIERL DNA
ML, PHE 16S rDNA JFFI Y V3~V4 XI5, J-7E
8 P AT G HI A IIER S [ (34 1F: 5'- CCTACG
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i Alpha ZZAEMHAR I AT AN [RIAE G B9 BT 22 AR PR FIAR
Xf=E B, Jfia /] Ace. Chaol. Shannon. Simpson f§
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THRE & 2549 I i 8 T A e R S il i I A= W i Vs
FRE
1.3 BIEALE
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=[], Fp s St 2 2)/0)5)¥ > ND2>DC1>ND1>
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Fig.1 Total bacterial count of eight traditional fermented
soybean products

2.2 #4&h DNA $EBUK PCR ¥ 1825R

DB B %4 ) B K 2H DNA R o i d, 16S
rDNA V3-V4 XA 44, K EIILE 2, RKEALE 500~
600 bp = [AIA7 I . BASERY AT WLARAHT, HLBEAT B W id
ARG SR BN G, S5 SR S SR S Y EER

K12 PCR Y4y ik &l
Fig.2 Electrophoretogram of polymerase chain
reaction products
E: M: DNA 73 7 #4575 1: ND1; 2: ND2; 3: DC1; 4: DJ1;
5: MDZ1; 6: MDZ2; 7: MDZ3; 8: TB1,

2.3 Illumina SiEENFHES

KA NMlumina =738 w5 72 8 Fh A I 5
LS EL T, A X RAS REAR AR P A A T o
07 38 M A AR IS, 4521 8 Blk: & B A3 287 21 M
226517 4%, AR B )T A ik B e Sl v =
FEMEST AT EESR . SR X RR L B B AT SR 2 55HTT,
TE 97% ALK R OTU A=W{5 B 58T A4 L, 8 T
FESAFRZE S BN M OTU 9L [l 64~144, 153
AL OTUs A 839(F 1),
2.4 Alpha ZHMSH

Alpha ZFEPESTHT AT LS BRASAE W RETS 00 FF B
FZ RPN, YR 97% AHUTEK SR ) OTU 15
B, R H Alpha ZF:MFRHRIY Chaol $5%X. ACE F5
#7 . Shannon F8 &2 Simpson $8 EU AL b i34 B4
P BRI TP, 455 0LER 1.

ACE # Chaol fREUEAEASTEYS 45 5 BEAUFRAE,
BB = RIS £ & Bk, e 1 AT, DI
FEAR I ACE A1 Chaol 8% =, HUUZE DC1 FE b,
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Table 1 Number of OTU and Alpha diversity index of eight traditional fermented soybean products
FEM T OUTHih: Shannon$& %% Chaol#5%k ACEF&#L Simpsonf& %k Coverage
ND1 33334 78.0 1.58 89.4 89.3 0.25 1.00
ND2 27004 64.0 0.94 107.9 97.7 0.47 1.00
DCI1 30793 115.0 1.56 138.6 138.7 0.32 1.00
DIJ1 25473 144.0 332 164.0 165.3 0.06 1.00
MDZ1 26974 128.0 2.70 137.1 136.1 0.18 1.00
MDZ2 29803 111.0 2.38 128.3 138.2 0.15 1.00
MDZ3 24427 109.0 2.37 123.1 128.7 0.14 1.00
TB1 28709 90.0 0.96 118.2 125.1 0.57 1.00

ND1 £ ) ACE #1 Chaol #8 %Ak, 24 Chaol
8% . ACE 4544 . Shannon 8% 5 Simpson #5 %5
1T Alpha ZHEPEHT, XRS5 AL Py P Fh = 5 B8 Fn
Z RTINS, PIEIASIT I P RIS A I v
mm=EEEHET N K> GE> T B> g G >R,
Shannon F11 Simpson $8 45 FEAS Ho Bl 2 A M
FASG, Horf Shannon F6 %405 B AR ME S ARSCE, 1M
Simpson 8 S WEFZ AR AR, TR 1 FH
B, aie . SU. RiE . EuE . RIS P4
Shannon F5%%H-F {8 (Shannoneven ) 73 51-4 0.295 .
0.330. 0.670, 0.523, 0.210, Shannon ¥§ %k K, &
IRFEVE Z AT EO S . R, FTANARERSR T 5 28
1G58 K g 5 ) o B A 2 R HET O REE>EE Ok
>HB>N T >R,
25 ERDAHFRLESH (Cluster analysis)
FG353HT(Principal Component Analysis, PCA ),
AT LS 355 53 AT AN [RIREAS T2 2H 0l S AR AR ] 1) 22 55
FBEES, AnAse S R SR AR L, [ BAE PCA Bl
AR BT, PCA 43 MK B, PCA1 Fll PCA2 4
FHITTHERZ FNR 85.67%, Ui AL EL BENE I LAt s A
FEBSFEIAE R (& 3) o ARYEAE S 534, ND1, ND2
DC1 AH 5 4 3T, 156 WH 90 5 0 5 B T 0 &% A4 AR AL
MDZ1 F1 MDZ2 FHEE#53T, MDZ3 55 X /i P # FH #E
F55, 1 A AN [R] b X (A 55 2 78 =2 (8] PR RS A AH AR
P, ELHb 358 2R B8 X5 PR BE S A — R T MDZ3
5 DI AT, $EIH MDZ3 5 K35 i s gt i 2
B —EAHLYE. TB1 5 HAh 7 Fhae b AHFE 40t
i HH R DL A BARE S5 1) 5 AL 7 PP R 22 e,

60

TBI1
40
S
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8 ol » .DC1 MDZ3
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PC1 (61.94%)
K3 8 Rl KR Sl b Lo 44T 18]
Fig.3 Principal component analysis of eight traditional
fermented soybean products

Xof B 28 4E MR AT )2 2 28 25 (Hierarchical cluster-
ing) 43T, FAERPIR G5, A3 BIRPIRSC R IEXH T
ARSI o WIS A AR TR B 25, JEAELTY
FEAS SRR NT . AHIEL 4 AT, 8 Uy FE S Rl 43k =K
J&, Hirp TB1 F1 DJ1 R EE—25, ND1, ND2, DC1
1 MDZ3 5 Ry #5 2%, MDZ1 1 MDZ2 5 N5 =
25, H5 =25, MDZ1 F1 MDZ2 4332348, ZEBHARML
PERSE RS 2T, REIZEFES AT 25, (B2
ND1 . ND2 F1 DC1 FEES %R, 32 = AH I
=13 TB1 1 DJ1 B SRAER— 4032 b, B —xE 2=
5o DA GEIRERI], ARIPIE 50 A 19 20 i 4 s
TEVR 2R 22 SRR, TTAEAS RIS 1 IR PP 2 2 e il
s R, AR TR 2R B — 2 B AR

TBI
— %
DJ1
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Fig.4 Cluster analysis of eight traditional fermented
soybean products

2.6 HEZHMST

X OTU JEFNBEA T 53 IS55 50T, As 8 Fh A K
L RS A B 43 KO TR ST (36 2
FiEl 5) . MRHEZR 2 A 50, ND1, ND2, DC1. DJ1,
MDZ1. MDZ2, MDZ3, TB1 7£ & /K LA xF 3 5
KT 1% B BE 3.2.3.18.13.6.9.4 8-
ND1 /19 FZARA R IEATRRE (Bacillus ) . BEZFAIE
J& (Virgibacillus) . W.AHAL ML H (Streptophyta) ;
ND2 Y FEZNHE B BAT R (Bacillus) . 22T S
(Brochothrix); DC1 [ EEA A& AT & (Bacil-
lus) . ZETEATH & (Proteus) . AEFHUTA JE (Coma-
monas); DJ1 1) FZHEEG )@ G AT 58 )8 (Bacillus) |
FER A & (Pediococcus) . A% 9022 [C IR TR (Ignatzs-
chineria) . VUBKEREE J& (Tetragenococcus) . 27 )&
(Atopostipes) . F=H8FT B J@& (Alcaligenes) %5 ; MDZ1
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Table 2 Relative abundance of bacterial flora at the genus level in different samples (%)

)8 £ Fr (Genus) NDI ND2 DCI DJ1 MDZ1 MDZ2 MDZ3 TBI1
¥ (Bacillus) 81.78 95.1 743 10.12 0.05 0.65 33.33 0.73
e 2EAL A (Virgibacillus) 13.69 0.07 0.04 0.69 0 0 0.02 0.02
R 1# )& (Pediococcus) 0.08 0.14 0.09 5.94 0.12 0.13 0.09 73.59
W AiFfb ST H (Streptophyta) 3.26 0.01 0.02 0.01 0.05 0.31 1.1 13.58
AT # & (Proteus) 0.01 0 14.93 1.62 0.05 0.06 0.01 0.01
W7k iR} (Enterobacteriaceae) 0.08 0 0.16 458 53.41 29.14 0.51 0.17
{15 B j B )8 ( Pseudomonas ) 0.05 0.01 0.13 0.13 5.68 30.46 0.21 0.15
AW & (Acinetobacter) 0.02 0 0.52 0.05 5.95 0.93 21.46 0.09
12 )& (Pantoea) 0.02 0 0.06 0.28 1.82 18.31 0.2 0.28
k& 9N ZE T & (Ignatzschineria) 0.02 0.02 0.03 15.53 0.02 0.04 0.01 0.01
F IR 24T 1 & ( Ureibacillus ) 0.03 0.03 0.01 0 0 0.01 15.49 0.02
22 )& (Brochothrix) 0.01 3.64 0 0 0 0 0 0.02
B JE (Comamonas) 0 0 4.99 0.02 2.83 0.05 0.77 0.01
WA ER IS (Enterococcus) 0.25 0.04 0.54 422 1.45 0.16 0.4 7.46
BTG R (Weissella) 0.02 0.24 0.02 1.78 0.23 6.87 0.07 3.08
HETER ) (Staphylococcus) 0.1 0.03 0.02 3.66 0.96 8.16 0.02 0.19
W R 2R R (Leuconostoc) 0 0.28 0 0.1 0.8 1.84 0.02 0.01
B S B AT 1 & (Sphingobacterium) 0 0 0.06 0.05 7.1 0.53 0.05 0
WEFE SRS BT (Stenotrophomonas) 0 0 0 0.04 5.39 0.19 0.13 0.06
Wi 7K 1 J& (Enhydrobacter) 0 0 0 0 2.87 0.04 0.01 0.01
FaAT i J& (Empedobacter) 0 0 0.03 0 2 0.01 0.01 0
WA R (Flavobacterium) 0 0 0.01 0.02 1.6 0 0 0
R AT R (Lysinibacillus) 0.01 0 0.73 0 1.54 0.01 0.05 0.01
FLERE R (Lactococcus) 0 0 0 0 1.1 0.08 0.02 0.01
LEAUFF R H (Bacillales) 0.01 0.01 0 0 0 0 8.34 0
HEER & (Streptococcus) 0.01 0 0.15 0.08 0 0.06 7.21 0.01
KW [ 18 )@ (Escherichia_Shigella) 0 0 0.25 0 0.02 0.01 4.02 0.03
FLIT B & (Lactobacillus) 0.03 0.02 0.2 1.72 0.02 0.03 2.92 0.03
S 29T 12 & (Brevibacillus ) 0.06 0.06 0.06 0 0 0.01 1.56 0.03
VUL ER )i ( Tetragenococcus) 0.01 0.01 0.01 9.92 0 0 0.01 0
#3151 )@ (Atopostipes) 0 0 0.01 8.2 0 0 0.01 0.01
FEBRAT A A (dlcaligenes) 0 0 0.01 53 0 0 0 0
W2 (Corynebacterium) 0 0 0 4.32 0.85 0.09 0 0
P01 & (Paenalcaligenes) 0 0 0 3.56 0 0 0 0
T AT 8 (Oceanobacillus) 0.01 0.01 0.02 3.07 0 0 0.02 0.02
TEB R (Cronobacter) 0 0 0.2 1.17 0.04 0.02 0.03 0
INEEKH & (Sporosarcina) 0 0 0.01 1 0 0 0.01 0
KA 4 )& (Paenochrobactrum) 0 0 0 1.13 0 0 0 0
HABHE & (Othergenus) 0.24 0.1 2.05 6.26 3.17 0.89 1.67 0.15
KAy (Unclassified) 0.19 0.15 0.35 5.43 0.88 0.91 0.23 0.2

BB JE A AT R (Enterobacteriaceae) | X

PA M B JB ( Pseudomonas) . A sh T i J& ( Acineto-
bacter) . WRIEAT B8 J& (Sphingobacterium) . Wg7 2
BB BAI P (Stenotrophomonas ) %5; MDZ2 1) 54k,
FH R 2T EAH Enterobacteriaceae ) | B &
( Pseudomonas) . 1Z W J& ( Pantoea) . 78 % BRI J&
(Staphylococcus) . ZRIT I J& (Weissella) . W R ER
W& (Leuconostoc) ; MDZ3 [ = Z AL T AT B
J& (Bacillus) . WAHALEA LR H (Streptophyta) . N5l
¥ J& (Acinetobacter) | ff Wk ZE AT I J& ( Ureiba-
cillus) . ZEAIFFE H (Bacillales) . 853K E )& (Strepto-

coccus) . KnEBR IR & (Escherichia Shigella) . F,
T & J& ( Lactobacillus) . 7 25 # T & J& ( Breviba-
cillus) ; TB1 14 3= 2200 04 T8 J& W4 Ak 5 it o H
(Streptophyta) . F R & (Pediococcus) . W ERTH &
(Enterococcus) . BTG R (Weissella) o

2% 2 BRI IR, 5 2SR S TP AH B RIS AR SR KT
A N R BEAA AR 22 53, (H A IR X g ]
SRR L Z A — S AR . X T4 R0 g
L AR R IR R, B R T4
#, Horh ND1 24 81.78%. ND2 24 95.10%. DC1 &
74.30%. ILAh, ND1 Hf 545 13.69% 947 27 #1 i
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100 _ = — B Bacillus ® Virgibacillus
- " Streptophyta Pediococcus
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Fig.5 Distribution map of the community structure of different samples at genus level
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Fig.6  Functional principal component analysis and relative abundance of bacteria in different samples at genus level
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