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High-throughput Sequencing Analysis of Bacterial Diversity in Red Sufu from Different Regions
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Abstract: To understand the bacterial flora structure and microbial safety of red sufu as a traditional Chinese fermented
food, the V1-V3 region of the bacterial 16S rDNA from red sufus produced in the east, north and northeast of the country
was sequenced by high-throughput sequencing and the differences in the structure and diversity of microbial community was
analyzed among these samples. The results showed that the sequencing depth effectively covered the microbial species in
the samples, and the bacterial communities in them were rich and diverse. At the phylum level, Firmicutes, Actinobacteria
and Proteobacteria were dominant in all samples. A total of 296 bacterial genera were detected, with Corynebacterium,
Tetragenococcus, Leuconostoc, Rummeliibacillus, Lactococcus, Weissella, Streptococcus, Comamonas, Bacillus and
Trabulsiella being common to these samples. At the same time, clustering analysis demonstrated that there was a relationship
between the bacterial community structure and the geographical origin of red sufu. The main dominant bacteria in the
samples from North China were Candida, Lactobacillus and Tetraphylococcus, while those in the red sufu samples from
Northeast China were Bacillus and Halanaerobe. This study gives further insights into the structure and diversity of
microbial community in red sufu, providing a theoretical basis for production of traditional fermented foods with higher
quality and safety.
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B, KA MPCRERIIRE, FUCA AT #8 e 2A 88 b i
AR, W R, BRI
4 kg . WL wE L EYIE, FERZH
T A= %o e 2 R B IR I L PR A =AY, W i 2R AR
J& (Bacillus) . BEJE (Clostridium) . LB HE
(Lactobacillus) AR ARIEJE (Pseudomonas) ¥JHES=
ABUREE. shAt, FEFROE. BEERY. WE
P e 2 AL I R AR R AR 0 A I R4

JB i v AU R FH 4l 3R A116S tDNA I AR 25 45 % A
RS AL AW AT T AL, RIS RS 2L
TS & AR, [5] EFA7 A2 D0 5 1 B U 008 781 Qe R
I (Bacillus cereus)  F£RgFERE (Enterococcus
faecalis) FE%BARAMIE (Pseudomonas putida) . HT
L R T a5 7%, T o ERURAEE R R R A
AIREA T, JCVE R i TR R R VR AT 4
53 #r .
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Table1l Information about the samples tested in this study
FE S e e i 2 X 3, REERR
RI LN HIR Y
R2 B nyil b Y
R3 g R Y
R4 beRami P R gt
RS w7 AR B
R6 LI M R s i
R7 LSS &b gt
RS BIITLFFFIG IR A 4 i B
R9 Jextili ek B 8

FA MR N (polymerase chain reaction, PCR)
Master Mix (M7505)  Z[HPromegaA#l; JZEYCH
f& (Code No.9762) . 5% EAEMITRE CKE) AR
NG

1.2 X#HR5%%

SW22HRF /KAl f[H Julabo/A#]; Centrifuge
S417RAREOHL 18 [E Eppendorf/A & ; Nanodrop2000

BMES L E EEThermo Scientific s 7 ;
VERITIH:EEPCRAY  ZEEABIA A ; Sub-Cell FLIKAX -
Geldoc XR+HUEEI it A £ EBio-RadA ] ; MiSeq
FEEN S EENuminaA .
1.3 ik
1.3.1  fZERIEI

X B+ N k E = H X R b
(hexadecyltrimethylammonium bromide, CTAB) 7:E34
TEAB . BUERERE 503 4, AN FE i P 31 H 50 mLJEg
Fimvt, FEit150 mL. REE, BURER M5 mL,
9 000 r/min&0>10 min, 2 _EiER, JUEHIMA10 mLiY
THEK, fERG % EIRIEE], 9000 t/minis 010 min,
F: FIEW, VUIEM NS00 uLVA % EF (10 mg/mL)
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IO =& P - e lE (24:1, VIV) , B2,
13 000 t/minf.(210 min. _FIEHE 2B LE T, A2 £
RUIEKIKLEE, J82), FHE30 min/4r, 13 000 r/min
B2 min. F BIEW, FH70% 4B W E DT
2~3 %, BEIMYIERE T ER&4 TETERRT.
KA JE IS0 uL Tris- £ f% VU BRI, I RDTIE -
132  PCRY 4 2 16S rRNAJN

DLFEHCM S R ADNAA B, 5l
EFxf16S rRNAKRVI-V3X & R =519, FIH
27F (5'-AGAGTTTGATCCTGGCTCAG-3")
534R (5'-ATTACCGCGGCTGCTGG-3") 5| #yilt
ITPCRY M. PCRIA &R : FHABIRDNA 2 pL,
2XPCR Master Mix 12.5 uL, IF/&5[4#)440.5 uL, ddH,O
MR E25 uL, PCRY LA 94 CHIAEME2 min; 94 C
BH30s, 60 CTIRKS0s: 72 CLEMH45 s, F 140 MF
Wi 4 CORAE. XS HIPCR™ W) A 1 % 1 B i 4 vk i Fh
PKHEAT AR, 6 RS BRI PCRF ) HEAT J5 825206 . 3
W5 HIPCR & AiAb Bl 5, {4 FTIlumina MiSeq - &
HEAT i s S RS B A
1.4 HfEsbet

e 5= A 2 0 X R 8 B8 8 FHFASTQC

(http://www.bioinformatics.babraham.ac.uk/projects/

fastqc) FHATH =M . Raw data | 198 L 1F H
CUTADAPT C(http://code.google.com/p/cutadapt/) 2=
. 2R HFLASH Chttps://sourceforge.net/projects/
flashpage/files/) #4EPair-end 3 Reads. 14 F QIIMEP47
P AR A A, 16 1 25 bR 48 FH QIIMEf Usearch 51
%, ZHEN

FeTr]EE 4325 T (operational taxonomic units,
OTU) TR MTEE R, WA HREMMN 2,
FQUME 1t F2 Hpick _open_ reference /7 ;i 4TOTUE
25, BBBEA FH Uclust™, 4 2 18 Greengenes 2013-
08 release (http://greengenes.Ibl.gov/Download/) fiiA4s, FHALL
FEBIE AT %, XA 751347 OTULI 43 34T A5 B
Gt HARSHCONQUMESIASEL. RIEEEA M A
FOTUTE AL FHQIME a_diversity /) Bk 1T a2 eI 20
B, HAP B B Chao VFREGHATIEAS, LA =
KBV Ph B e A2 PR B Shannon 5 44 |
Simpsonts AT A, Shannondg ¥ 5 #7452 FEM: 2 IEA
5, 5 SimpsoniE# 2 MK . Coveragedi I FFiR 15
b, ARFREEARE LSO IR 15 % .

181 B 22 FE M 23 B B0 AT AN [RIRE 5t 78 Tk A P % 4
R . fE B AFQIIME B _diversity through plots,

jackknifed g diversity B iE 1T B2 FEVE A3 HT . 162 T4
b B, O N7 51 4 R O 2H Rl A AR AL, R
HEB & ANOTUF . fEHAT KM, Tk, ¥E
— 2 LY 7 51 #5 5 Greengenes 2013-08 release Chttp://
greengenes.lbl.gov/Download/) ##& B b AT Lhxf, R H
H i Air BT (5 B ik80% LA EME(E S, DIRSEA
OTUMI 73 K5 B . MIWAFERE, Gt EAFE AL
KK ERIFHEE, 328K 2 TR CRAEXT
FE <0.1% funidentifiedd Nothers) FlJ&E/KF (4
Xt <5% Funidentified)J Nothers) . f# H B A
QIIME, % Mrdp classifier™ v2.2, #4Ed FIRE S 1
“pheatmap” .21, F& T B EE 2 18 Unifrac™ % it
1AL bR M1 (principal co-ordinates analysis, PCoA) T
PASEIZ MR 32K

2 ZREH

2.1 e T

o % FEPEIRLRE S N U E VI BE TR P 8
HARITRAR AT IOTUE B, EHaZ FEEFE RN
Shannonfg#{. Simpson#&EF1Chao 148 EXTEE S W
YIRS B 2 AT VAL, SR K2, BT
AT 7 Coveragedg 2R T0.9, U6 J FUEE & SCE T
FIHEAHHE I, R4 B PN ZE A, P 25 3T L
SRR BCSE A . BIER2TT A, ARALHBIXFES (R7AN
R8) f¥JChao 1#5%AISimpsontEE YL T HAbAKE Sy, Wi B
T2 X L5 FUAT i o A0 B A o FE R VR 2 R VRIS,
5 H A X AFAE— € 2 7 o

K2 ARABRSDPHAES
Table2 a-Diversity of bacteria present in red sufu samples
:fillﬁ? A oTuy Shannon  Chaol  Simpson Coverage
IR bizRd bizRd bizR:d bizR:d
6345.24 0.96 0.90
5378.67 0.96 0.90
4790.72 0.95 0.91
6499.29 0.93 0.90
4627.54 0.95 0.98
4506.95 0.97 0.98
2 785.58 0.88 0.96
2 320.00 0.82 0.96
3013.04 0.95 0.95

R1 23 808 2 896 8.01
R2 20472 2462 7.68
R3 21 837 2351 7.53
R4 24707 2614 7.12
RS 28 559 4601 8.45
R6 27 197 4474 8.74
R7 26 649 1524 5.80
R8 21784 1270 5.21
R9 28 167 1839 6.69

K I e 50 AT BEATLARE (R 7 3%, DA 2 7
FIKS EATTREAEROTUR H A4 i 28, R A% Rk
2. M gE T, UL EE RS, 2
s o R BUTOTU ML BR st Bk AR /N s 2 W 2% BH 4k 48
T Be = AR 2 B OTU. I, @it 1 FoRe i h
25, TTDAAR BRI R A L. RN, 2 AR
AAEFHIHAE UL 10 0000, OTU &L, i
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Fig.1  Rarefaction curves of bacteria in samples
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Fig.3  Distribution of bacterial communities in red sufu samples at

genus level
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J& (29.45%. 36.86%. 30.72%) . AIKE)E (9.59%.
12.55% 20.72%) VAKX DYEXERF & (8.75%. 11.36%.
12.05%) ; RAFEMIEFEE L5 LR EESR, 7
ST BH B ER R (13.33%) . FLEREE (10.81%) .
VUBCER B B (47.11%) 5 i FRER E 4 4 X R o
R1, WIFEIL T AR 4 b B VA 2, AHX 2 822.83%
) A P R SR S I AR A R, XA R 7R AR
w R R T B AN T2 % . DN AL R B E 198 54 i
De Vos%Pd Ny, %8 A vk 3 22 Hh 5 R 8575 YL (1
B AT <0, fE PR IRIE . AT A R BT
T Z 1 JE AP E R NH 5T

tbAh, FEARS. ROFIIEHTIREE (5.55%.
4.03%) JEARLL T HARKFE S TR A I HE R . AT E
MELIREHE B (Halanaerobium) EEHFLERT. R8F
ROFE S, 2 A5 B ARTFIROMIMR 345 18, A 3=
I3 58.08%F152.24% . AR HLIX (P 35 1 ) o 2R 1
JEAERT. RSFIROHARN FBEHAR, T 5%, R8P
AT E (44.08%) Rzt d RSB wIE . AT HAh
FEdh, R8FIREIE (Clostridium) fEXN FEEHE, &3]
712% . WHEERRIEREEM . REA KM 2 KRt
PERAT IR, BT LA dRE. AR, @E T LA AR AT
BHRMEESR, ANEERERSE. eMm Rk s 25
e, T mERSY, R AR A E AR
I 8 A i e e
23 HRZ IS

RIFOTUR) F F R, HE W TEJEKF A F T
OTUZr BRI, AR B i s AN [ B it v 248 B
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FUFE S B — @ RS, X5 AR SR 24 A
fh: R3. R4, RSFIR6IEN—K, BPRIETHAEMIX: Ff
mR7 (FRJb) AIR9 (4E4b) HoN—2%; RI (%D | R2
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3 9

AT EM AR A RERBEEMmZ—, K2
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HEFEREA 3 NEABAL. AFA. & (B FA=K
HOU 2 LA I Ar IR I A A S R S, MR R
ARt o JEF L KUK B TR A 2 BB T S A 1 1) K 1%
i 7L PP A DB TR R AR 1) 22 S AN ) 3 DX XU A [ ) 2
PR K 2 — o A5 0 2L L b i) 20 i B 3R AT 1A% 2 B
B, RIS A M X (20 fh B A7 AT — 58 B AL 25 S DY
TR AR PRI A2 7= T2 SR A IR WS R,
R A PR PN A 2 2 BT K2 FH N RE .
AP T 7L R A A A R R ) 4 T R ST BT O T
il A2 YR LE D R MR W RO MR B R B AR B R S
REo H AT TR FL A A Y R AT 3y ARG IR
EAAEEE FRIE W R . RIS AEY 7 B IR, 4
J55 L Hp = B0 5 T A O IR 2F FRAT 1 N Virgibacillus
senegalensis"; FHYIFLFF B . WERAFE . AT HE
Akporo7 f1vg £ FUAF BB R UAFE TR Arh . e
2PN T N[5 R S LR (RS R 2R FAT B R,
A2 AR AL S RE 2 AT 20X F110° CFU/g. Han%EP
XF3 PR JEE AL A AN A kAT T S Ak, R
Ji& #L b BUW A WS R ZE AL AU EAR T . (AR
B2, HTEmPAEERENFHRE, TIlT&mt
A2 BR B AR IR BT AR ARG, R R R e A I B 42
OEOH T BRE, AEAE R LA R R FURE PR D B 45 3
BHEEIRE AR RA. AT, B AR FRHEN T L
VBRI RAE — & 1R R

FIFHPCR-AE 1 FE S I LUK AR, BUECAS [R] i WS
FLANTE 2 Rk, R L FL IR AT 1 J 2 5 3L b 40 B 0 A 3
B AECT . Bk W PO T T A RO 2 8 5% 10 o R 3
DAl 1) 52— 8507 41 -PCREG AR, W5 7 8 FL ok e i 72 vh
TMAEIHEVE B84 . EIR R 7 i BARIRAR T2 G
A EE FRVE B R IG, H RO T Ik IR, 4R E
PEAE R U .

i 18 U P 5 AR AN A % B 4 BT R R AR )
V& Z FEVE, I8 AR D B AIK AF 75 28 DL RS 7T 85 % (1 1
A IR P e I R 4 A R R R BT — o
ML AT B 7L 2 18] 4 BR 2H s L A A K I 22 S ko
Huang XiaoningZ&®F] H Illumina MiSeq & il &l 7 F &
KRIBG I MR LR R R 40 AL R A
PR ) B E
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A, AR AL MBI 2R EAAE E R . BER
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