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Analyzing of bacterial diversity involved in Aspergillus-type

Douchi by 454 pyrosequencing
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Abstract: The changes of bacterial diversity in eight stages of Asper-
gillus fermented bean curd fermentation were determined by 454
high-throughput pyrosequencing technique. The changes and
diversity of bacterial community at different stages were studied. The
results showed that the similarity of the major microorganisms in dif-
ferent samples at the two levels was high, with a total of more than
90% of the total, including three types of Phytophagous, Proteobac-
teria and Actinomycetes. The samples with the highest level of hom-
ogeneity were HY04, and 31 major genera were found in it. It was
also found that the abundance of Weissella, Bacillus, Staphyloco-
ccus. Lactococcus, Enterococcus and Pseudomonas were different in
different fermentation stages appears. The results showed that the
microbial community structure was complicated during the fermenta-

tion of Aspergillus flavus, and the main flora was relatively stable.

However, the relationship among flora, quality and flavor, safety e-
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valuation deserved further attention.
Keywords: Douchi; aspergillus; microbial community; diversity;

high-throughput sequencing
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1.1 EEMNE

PCR 1% : ABI GeneAmp® 9700 #I, 3 & ABI /A #;

2t R & . QuantiFluor-ST i 4 %¢ 6 & & R 4. £
Promega /A 7 ;

pH 11 :FE20K B, #5539 -FE R 245 C RO A RA W

L BB X TR 48 - 101-2AB B, K AT 28 3 AR AL 28 A FR
NI
1.2 #E5iRH

BRI AR A

B ) AR ML R AR 2 I

FRABE < 0 R A A PR A D

W R B A R T

AxyBep DNA %5 [H G & : 36 Axygen A

miOR < UKl 83 4 3, 8 7 B 78 10 CFU/g DL 1, 1
T 3 % TR A D A A BR FD

E.Z.N.A Soil DNA {7 & : & & OMEGA 7.
1.3 REHZE
1.3.1 HEMWALH SR R4 AE 7 XA A 4k m K
Aib B A R AR A% 40 26, TRURE B SR AN [ 38 02 43 J2 TBURE: 4 %%
P FRIC . AR 3 AT A, 4 T Hidh 4 d RS ke
15,25, 35,45, 75,90, 125 d BUAE (4% 5y HYO08, HYO1,
HY02,HY03,HY04,HY05, HY06, HY07), —80 °C ¥ % Jt"
JEH T 2 AR5 HT .
1.3.2 MEmIETr

(D #wE R AR KRE EE T &R 28%~32%,
Mg 17 % 44,

(2) B A 3 A% 5 A9 40 i K 47 8, B )y
1.5~4.0 h(E %),

(3) 78 R HAAMRZE RN I L, ERAGZE 2 h,

(4) HFhH AW 0.2 g/kg, &R/ MIHIR A S )G
A .

(5) Il IR B 31~35 CL M 72~96 h,22 h Fidh 1
U i bR BE N B A 35 °C

(6) K HH 1000 kg Jil A 400 kg ¥ FF 7K .5 kg HfiH
fit .10 kg I (50 % Vob) \#k 150 kg IR A H 21 ## & 24 h,

() IR R R KR E 50~60 C, YA MRS A
K E] 0.5 %, W bz e AT HEBUR %, & WERT [R] 30~60 d.

(8) B IK & I - 4 1R & 8 58 I & B A% B i 1
B4 % Tt 20E A ME BN % T M AR IS ) AR 3R AR 7 A B A . i )
90d Lk I,

R S LR AL A 7 A I R B
1.3.3 454 FH AR ik

(1) DNA gy 854k . i ll E.Z.N. A Soil DNA iz
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(2) 34 DNA 9% %2 - 42 19 2 R 41 DNA 2 1% 3%
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(3) PCR "3 . gk V1~V3 X, LI E B AL 8 DNA
AR, L 27F5-AGAGTTTGATCCTGGCTCAG-3", 533R5™
TTACCGCGGCTGCTGCTGGCAC-3* i 5] ¥, PCR X H
TransGen AP221-02: TransStart Fastpfu DNA Polymerase,

20 pL & B & & : 5 X Fastpfu Buffer 4 pL; 2.5 X
107 mol/L. dNTPs 2 pL; iE Ia] 5[ #) (5 X 107" mol/L)
0.4 uL/0.8 pL; RIS (5 X 10" mol/L) 0.4 pL/0.8 ul;
FasterPfu & i 0.4 pL; A DNA 10 ng; 4 dd H,O &
20 ul.,

PCR ¥ 38 2544 .95 “C HWAE 1 2 min; 25 9§ 3 X (95 C A
M 30 5555 TRk 30 5572 CHEA 30 $)572 ‘CHEAH 5 min,
10 °C RAEEH. B 3 NER KBS —F K PCR ™
YIRS G 204 BN W R e ol vk R L £ ] AxyPrep DNA
R IO ) &5 U RS IRl PCR 7 49, Tris-HCL 3R 5 20 35
U A PR VKR

(4) FEE I : S Mk 5 8 i 45 1 8% PCR =9 A
Quanti Fluor-ST # (850 B R HEAT & BAR I . 4 IR 44>
B i e e BE SR, AT A I LB R A

(5) EmPCR: ## ¥ Roche GS FLX Titanium emPCR
Kits B#AFE 24T .

(6) Dy - =46 L £ LW Al AT .

(7)) =Y E B ] Qiime (vsesion 1.17 http://qi-
ime.org/) X JFUR B E AT 3 U8 4 #RAF B AL 7 4. BAR Gy
Prfudh OTU E 24 (Operational Taxonomic Units) (4328243
B 2R PR 48 805y Bt T 48 200 Al 9 OTU A 8Lk 7
97%0) AR B 2k (97 M AR BLEE ) OTU, F ] mothur
i rarefaction 43 #7, FJH R &5 T. E &l 1E #th £ &) . Shannon-
Wiener {fi £k . Rank-Abundance # 2% . 3 % 43 43 #t (principal
components analysis, PCA) .7 Heatmap [ %7,

L4 FEBLBERUERE

(1) pHAH:  pH % .

(2) BRJ¥ . GB 5413.34—2010 $147 .

(3) BHMB A (AAN) 4% GB 181862000 $4 17,

(4) &k 4% GB 54612000 47,

(5) K4y 4% GB 5009.3—2010 $47 .

L5 #iEshE

A AL BR AT E 3 R, R JH SPSS Statistics 19
PR HEAT B3R O 22 40 B BOHE 2R 38 0T BB & AR E
T2,
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HiZE 1 ATH, HY08 Jyffilith 4 d. oA 9 A K O TE
il 7R o 8 TR A A TR BB AR K g3 & R IR (HUE W R B
FEK 0 B 8 i L AR T 4R T A UK OE L. TS R B B
TR S AR TR BE W A 52 i, B R A vk BE RIOK A
AR B E . AN SRR A BURIIR B 15 b5 ok Ud . K B 1 4
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2. HY08 , HY01 . HY02 Y 17K - 3 A — 2,
T BHRE SR F A HY03~HYO07 (1917 X LA 8230
WO R T B T A ) K A AL (B R R BE TR TT L R
BT MR T TS8R o 4 % 00 3 5 A0 7K H R B L ] e
IR 790 5 H A /K b ZE 5 FF T B R 2L AF T H Y B ] 4

15 5 Bk B AT b DA 7 BR R L ZF AURT R L6 BR R LL 1 A
o 5 16 J& B KT b 50w 4 25 F R R 4 BR R L T BR
W FLAT B R G BR R X L8 T RE 4 ™ kAU R TR
973 B R A TR 7 o AELTR) I o B M M R L A AT
HR A SFBOR . TTRES i R KA RA . XTHA
il R aE
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*1 ARAHMBREZRFETEZEAERAOTL
Table 1 the change of physical and chemistry content in Douchi
sy oH {i BEEH iR B2/ e/ 74J<§}/
(10 2gg b (10 2gg b (g kg 1 (10 %2geg b
HYO08 5.14 0.11£0.07 0.35+0.53 7.934+0.08 43.65+1.23
HYO01 5.28 0.37+0.01 0.44-+1.00 7.794+0.11 57.3240.23
HY02 5.06 0.45+0.40 0.48+0.93 7.39£0.10 53.95+£0.73
HYO03 5.15 0.71£0.14 0.497+0.91 7.81+0.14 51.35+1.73
HY04 5.42 0.78£0.20 0.57£1.10 7.77£0.16 49.65+1.03
HYO05 5.41 0.94£0.07 0.71£1.06 7.79+0.17 48.78£0.88
HY06 5.24 1.0140.02 0.7940.46 7.794+0.17 47.3541.43
HYO07 5.34 0.97-+0.08 0.81+0.37 7.85+0.11 49.0540.94

F2 AEHSKTEKFEREDKFELE

Table 2 Comparing different samples of different microbial levels

H

B

J&

15 (LA & B 58.05%; 3
HFFEE B 25.68% 5 B b &

1NCERFFR H 71.45%;
M H 11.63% ; ALK 5

13CHEMATFH B 84.69%;
HATFEE 11.59% : e kT B

20(CFLAT B B 46.79%0; 3
HIFEE H 42.50 % 5 % 20

21(CFLFF B 60.67%; 3
HIFFE H 23.11% 5 % 2 0

2LCEMFF I H 54.61%;
AFFE H 36.56 % 5 I B it

16 (2 #F B H 55.86%;
AFE A 28.13%;

17CEMAT I H 874875

R I L]
SOREBERT 85.24 % 9CH H 40 85.13% ;i

HY08 FrZR@il] 7.71% ;48 L 7.69% ;48 I 1
B 4.12%) 4 4.00%) H 7.21%)
GOJERETE1] 79.65% ; TCFFTE 79.64; 2 TE B

HYO0l 2B 15.26%: it 40 11.76 % s 48 & 1 4
BT 2.46%) 3.34%) H 7.16%)
6 (JEERETE [T 97.91%; 8CH B 20 97.87%; K

HY02 BrZ&iil] 11126480 LR 11126 48 i
BT 0.28%) 4 0.11%) H 0.59%)
SCJERETE 1] 90.23% 5 13CFF 4N 89.64 % ;715

HY03 I HIT]5.78 % AT FE WA 4.43 %6 ; #EAT 3
7 2.94%) 4 1.93%) BHH377%)
SOUERER 1] 84.97% 5 12CHFH 40 84.05% ;7%

HY04 ASTERT] 9.43 % BT TE R4 7.32 00 HAT B
Bl 3.84%) 44 2.53%) HH 4.63%)
SUIEBETE 1] 92.23% ; 12(FFHE 4N 91.61% ;45

HY05 ZASJE R 4.46 %0 AT TE RN 3.53 %6 #EAT B
BT L77%) 4 1.12%) HWH 2.56%)
TOEREBRTT 84.93% 5 11(FHE M 84.6% ;48

HY06 AT HI] 8.92% itk TEHMN 6.04% ; it 4
BT 4.11%) 4 4.08%) H 4.12%)
SUEBERH 1] 97.85% 5 12CFFH 4 97.61% ;7%

HY07 ZASJERT] 1.25 % AT TEB40 0.84 %6 5 #E AT B

BT 0.44%)

4 0.31%)

FLAF B H 9.80% 5 fi% B L
WHO.72%)

24 (W B 3k 18 BF 29.54% 5
WA ER R 25.74 % 5 % % Bk
ERF19.74%)

22 (7 %5 3K Rl 34.82%;
2R FT T BE 33.80 % Ml &
KB 10.85%6)
19 & BR A AL 67,1705
HHFF B 15.38% 5 Bk
AL 10.96 %)

31 (4% Bk B B} 45.27%; %
HOFE B R 41.52% 5 {14 20 0
WA 2.93%)

32 (il Bk B A} 58.53%0; 3
HUFF T RE 20,39 % 5 {14 2 ff0
HE3.39%)
32 B R 47.84% 5
FEBR R 34.75 % ; 4 45 Bk
R 5.56%)
28 CZE /L FF B BL 34.06%;
HEER TR 25.26 %% 5 4 45 Bk
BE 20.80%)
24 CZF A0 FF 3 A} 80,6324 ;
4% Bk T RE 8. 46 %0 5 A 45 Bk
R 4.80%)

27T IR B 29.35%
JHER BB 25.69 % ; % % Bk
)8 19.71%)

22 (FF M J®@ 33.54% 5 7 %
R 34.77% s B A
J& 10.41%)

20( KA ERTE IR 67.11% ;
LEAAT R 15.32%6; i Bk
8 10.92%)

28 (FLER I J@ 44.04%; 3
FOFF B 41,71 9% 5 % 20 Ml
BE 2.91%)

3L(FLER B J& 56.80%0; 3f
HFE B 20.30 % 5 fi% 2.
& 3.38%)
SLCEF L FF 1 8 47.67%;
FLER B 33.58 % 5 5 4 Bk
W8 5.44%)
28 CZELFF B B 33.74%
LB B 24.76 % 5 45 % Bk
W& 20.80%)

23 (ZE U FF W8 80.17% 5
FLER B B 8. 18% ;5 i 4 Bk
e 4.80%)
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2.4 WEVHERITNEBNAESHEMNTR

1 2% 3 AT 52 BB AR R 2 L H OTU Rt 25 {6
5 R R BRSO 5 BRI AN T R R
B AR LW i , Chaol 1 ACE 4% 22 %l R K, HYO1 [ & A&
Z R (HD B R M3 2R 2 R0 (D) B/, OTU B ek iy
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W AR R L/, HYO08 # HYOL L. HYO1 f§ OTU
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Figure 1 Rarefaction analysis of bacterium changes LB =R A S . A OTU ¢ g Z 3 m (B s i T
dilution curve of 8 samples R RESH—EHE . MAEwEE TR,
®3 TEXEMBRAHSHEMETUME(97X)
Table 3 Variation within 97 % range of the diversity of the different stages of fermentation
HMATR ARER AL i B 2= Rk FAEZHAE (D FERL D)
HYO08 9122 94 101 (97,116) 105 (97,134) 2.85 (2.83,2.88) 0.110 9 (0.106 8,0.115 1)
HYO01 8 213 86 92 (88,107) 92 (88,113) 3.39 (3.36,3.41) 0.057 6 (0.055 2,0.060 1)
HYO02 9 983 71 78 (73,93) 77 (72,95) 2.26 (2.23,2.30) 0.268 5 (0.259 2,0.277 8)
HYO03 13 390 191 225 (210,251 222 (205,256) 2.50 (2.47,2.53) 0.155 1 (0.151 7,0.158 6)
HYo04 20 479 248 261 (254,276) 256 (251,270) 2.67 (2.64,2.70) 0.182 2 (0.178 0,0.186 4)
HYO05 12 854 210 235 (224,257) 229 (218,251 2.90 (2.87,2.93) 0.108 8 (0.106 1,0.111 4)
HYO06 6 579 134 167 (150,199) 190 (157,271) 3.16 (3.13,3.20) 0.082 3 (0.079 1,0.085 5)
HYO07 9672 111 142 (126,175) 140 (123,181) 2.29 (2.26,2.33) 0.195 2 (0.190 0,0.200 4)

2.5 WEYSHMERN PCASH

PCA 4y #ras WL 2, W4l PC1,PC2 B Fl ik %
93.01% . 1] AL 2 M 4 XL # . M PCL 4R KF . 1R
HYO04 #b H & B & 22 31 A K, HY08, HYO1 dk % 231,
HY03.HY04 . HY05 ., HY06 . HY07 Z ] 2% % R B i. F i
4y PC2 # HYO1, HY02, HY04 Xt & 8% 5% ik = K, 45 31 &
HY02 1 HY08. B bk % 72 f R & BB )5 1 3£ 84 PC2 52
AR, F 7= kb BUA . D340 A 8 A~ ] B ok A i ith B B
B e s PEAE L O R B 45 d X o8k & KUK R Ak
HEREA LT LL PCL (5 78.4% . 76 B A R & o HYO02 Fi
HY04 2% 55K, it B DR & T8 A0 & T B I X 7= o A

AT

2.6 WMEYSHEMN Heatmap B
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MEGE BB R, HIH 4 dJ5 (HYO0S) fif 4= Wy 3 A | 3k
ABARERZ B AW KE 24 h 3 A EIER
SR BB A5 1 R T T A R AL BT LS
KWE 15 dCHYOD S A= i AR Z A ), 2 L i s A 22 5+
ENOIERE R S U R T o L Nl B & R <1
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Figure 2 Principal component analysis diagram microbial

diversity between different samples
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