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2| 9998 H 7 B @ A A F E iz ] [lumina
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L1 iU soet I Jo i #4E AEA F A JHE i vl
HOREA B HESERE S 5 Ay, HER R 7R
LA T B OE T, g M1I~M5,

1.1.2 57 DNeasy mericon Food Kit £
DNA #BGK 7] & Qiagen 69514, 7 [ Qiagen 2>
Al IXTE Z2 i (B548106-0500) .SOXTAE 2% i
& (B548101) \PBS Z& ik (pH 7.3~7.5,B640435),
ATAEY TR B ARA A B G-
10, V4 ¥t BIOWEST; Premix Taq .RNase—free
water \DL2 000 DNA ladder marker, F44 T2
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Fig.1 The Zhacai samples with white biofilm
on the surface during the pickling process
(K#ENVABRAF, 519.27F (5~ AGAGTTTGATC
CTGGCTCAG -37) .1492R (5= GGYTTACCTTG
TTACGACTT —37) 81 'ITSIF (5° = CTTGGTCATT
TAGAGGAAGTAA-3") ITS2R (5-GCTGCGTTCT
TCATCGATGC-3")Y, ZHEA T AW TR (i) I’
A BR A T4 K
1.1.3 X458 51% % PowerPac Basic & fill HJF |
T100 ##FE PCR 1L, % E (1K Bio—Rad 24w ;SW-
CI-2F i&Ed TAEG , M Z RS ARG RAF
G:BOX EF RIEEN R &R 4t , % [ Syngene 2 7 5
Milli-Q Biocel #2li/K AL, 3¢ [ % # 2 7] s P100+
B S G EE T, 28 [E Pultton A ]
1.2 RKEH*
1.2.1  ZHEH4 DNA B0 F &4 DNA $21
77 & (DNeasy mericon Food Kit) & R AL i
By 22 3L K 20 DNA, JH P100+# & 20 6 6 EE 3.
1 %35 RE E 358 15 L KA I DNA A 3, 1277 T -80
CH I,
1.22 PCR ¥ JH 27F F1 1492R 514 4" 3% 44
B 168 rRNA [, 20 wL. PCR 2 W 4K & AU 45
10 pl. 2xPremix Taq 2% #1# ,0.5 pl. 10 pwmol/L 5|
7,10 ng DNA B, ¥ HEFEF 0 . S5 fE 95 CHiAE
P 3 min, SRJ5 95 °C 305,57 °C 305,72 °C 30 s
PEFR 30 WK, B 72 °C 10 min®¥, ECHE 74 2R H 51
P ITSIF A1 ITS2R ,55 CAR ok, HA AR )10
1.2.3 sy A A R R L R4 DNA
FE b 143 2% 345 R BUIE A 7l i F PacBio SMRT -
H XA 16S rRNA L F , 519k 27F F
1492R, K & A 1 400 bp®, [R] B 55 — {3 2% - ifg 36 5

EYEZG A, i A Mlumina MiSeq PE300 *F 4
FIITSIF ITS2R 51 9% BB Y ITST X1, <5
4 300 bp!',

124 Bt ZRARSER S 2 # i Jrk A
J 5 B 3 A2 TR AR 2 ] Trimmomatic
FLASH %8O 210 00 45 DR B | 25 BRAR 5T 4 1Y)
31, SR F 51 QIIME 2 (58 e F 58 i A 4
7% ,Quantitative insights into microbial ecology,
version 1.7) A= 905 B0 #3145 2y e R AE ot
(Operational taxonomic units,OTUs) Fl14¥) # 15 & ,
WA o ZREMRECH RIBE 2K,

1.2.5 NCBIJFFIS AR 0751 287 A
NCBI 1 Sequence Read Archive (SRA) %4 %
(https : //www.ncbi.nlm.nih.gov/sra) , 4 & 16S rRNA
¥ 3 () 1 5 A BioProject ID PRJNA756136, B
B ITS1 PSS 25 PRINAT56159.,
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£, 4R ) Coverage KT 0.99, H A E] 1.000, 15
HPTI000 7 8 A 5 SRR S TR B BB R, R 18K
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i, Uk B ARAS 1 R 22 R AR S RGN, Y 20 R RN L
B Y reads 043 715 %) 871 Al 12 000 Z J5 , Shan-
non FEEGH A TG, BLWIYF ZREEE BA
FEREIN A 5T 9T FH B0 7 R AL 8 T 4
22 WAEMEFEMNSHEESIT

& 2 B0 M T MR R T T IR v 4 AR R
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Table 1 The general data of high throughput sequencing in the analysis of bacterial
and fungal diversity in Zhacai surface white biofilm samples and their alpha diversity indices

o B HRE R A

Clean_ 75K E/

A P Observed_OTUs ) Goods_
reads 4% bp Shannon ACE Chaol
coverage
m A 168 M1 36 8097 1455 1.21 45.95 42.4 0.994
rRNA % M2 22 9154 1449 1.99 40.14 77.0 0.994
B 5 M3 20 9021 1453 1.54 45.07 42.5 0.994
M4 18 8241 1 456 1.27 21.26 25.5 0.997
M5 27 7943 1457 1.70 45.73 435 0.993
A # ITS1 M1 15 52 631 279.0 0.07 15.00 15.0 1.000
a5 M2 18 55370 294.1 0.44 18.00 18.0 1.000
M3 20 55287 281.3 0.44 21.27 21.5 1.000
M4 14 59 964 279.2 0.09 25.20 16.5 1.000
M5 17 70 855 279.1 0.21 17.65 18.0 1.000
i =2 041
=5 =5
27 sk £® 03¢
= = = @
g ¥ 2 o2f v om3
¥ %= % :: '
= :‘g 100 s % 01}
H o= KRR th | [ P S S m4
= =
5 £ 5z
% AN N Sy N B % 000, vy
S P e R ~sszEszsszes
<t oo AN OO 0 A0O

BURE Y reads (P )

Number of reads sampled (Sequencing depth)

TR 9 reads (T R 2 )
Number of reads sampled (Sequencing depth)

(a) 4 46 OUT /K F#Y Shannon $8& % /& (b) B 1E OUT 7KF- (% Shannon 48 ¥k &

2 BEREAEHRPEMEEN Shannon fEH E (OTU 7k F)
Fig.2 The Shannon’s diversity index curves (OTU level) of bacteria and fungi present in Zhacai surface

white biofilm samples

®2 BEREABRERNAERNEREARSEKETHHESIT
Table 2 The statistical table of the distribution of bacteria and fungi at different taxonomic levels

in Zhacai surface white biofilm samples

m A K H | R 3] F+ ¥ G

4074 16S rRNA 3 B ) 5 M1 4 7 10 15 20 14
M2 2 4 7 11 15 10

M3 3 6 9 11 6

M4 3 5 8 11 14 6

M5 3 5 11 18 9

% it 4 7 15 24 43 32




226 A4l il MR ARSI R SR R m G A DR A

333

(825 2)
Ak # o n | B # , i
JLH ITS1 A& B A M1 1 4 5 6 10 11
M2 2 6 7 9 11 13
M3 2 7 7 8 11 13
M4 2 5 6 7 9 12
M5 3 7 7 8 12 14
%t 3 9 13 19 26 32
23 HEMSHMEMFEEN FPER RN 3 FT7R

PSR T A ot R A A B AT L JR KR L

*3 BEXREABEFERPNARE] . BKE LR
Table 3 The composition of bacteria at the level of phylum and genus in Zhacai surface white biofilm samples
W FF o A8 3 F %
5K AKF Tk 8 4 AR

M1 M2 M3 M4 M5
177K F % % # 11 Proteobacteria 94.65 99.37 92.75 98.73 98.56
J% %2 # 11 Firmicutes 4.61 0.63 7.20 0.86 1.38

¥4 8 17 Bacteroidetes 0.63 0.00 0.06 0.40 0.06

¥ 4 Cyanobacteria 0.12 0.00 0.00 0.00 0.00

JB K R AR RHFH Delftia 0.00 53.83 44.27 48.93 0.00
I E# 0 Comamonas 0.00 0.00 0.00 0.00 69.08
B8R Stenotrophomonas 1.67 19.86 0.75 1.27 12.26

429% ¥ H Brevundimonas 6.45 18.42 0.17 0.17 0.00

T B H Caproiciproducens 0.29 0.00 4.89 0.17 0.00

et AF @ & Phyllobacterium 0.12 1.27 0.00 0.06 0.00

& BB Ruminiclostridium 1.32 0.00 0.00 0.00 0.00

¥ £ B W Pelosinus 1.09 0.00 0.00 0.00 0.12

A% 2 49 Unidentified 86.07 5.64 48.6 48.07 17.5

* 3¢ Others 2.99 0.98 1.32 1.32 1.04

TE 5 SR AAXT BN T 190 e 90 i 2 AT

TE S AVESE A BRFE S AN BE R P, i3
T VAR AR TE BRI 1], AR 2 B 4R T 90% , Hk o2
JERETE T, BME M1 S R S8 (R T
1% )£ 45 - 20 3 5 M B (6.45% ) . 5 7% o TR
(1.67%) 95 5 W (1.32%) K + 25 5 (1.09%) ,
R M2 th E 2R JE A AR KRR (53.83% ) 5%
TR P (19.86% ) i I B TA (18.42%) W HF 14
J&(1.27%), WM M3 EZERNEA AR KRR E
(44.27%) . C TR 1M (4.89%) ., WAL M4 h F 21 )&
A AR RFFIR (48.93% ) TR MU (1.27%) o 18
5 MS R EA A E R (69.08%) 5 57
HME (12.26%) ,

24 HEMSHMEMEESEN

MRS ERE bl P B BRI AE DT | JR K B
F L 4 pos

5 A FBERE i 9 BRI AEVE P, SR OL A TR
SRR HAX E R ER T 80% , HUOERH T
BT BRI M AP e 38 69 Ja O il 8 (ARG 25208
40.00% ) , H AL FE R A BT 48 B R e B 75 R
SEDUM R, BEA IR BT R IRTER L E
Y h 6.67% . W HE M2 f {0 3w it &
(38.89%) , LU WA T 78 SR B 75 B LB
TEDUH R | M BE SO SH B RE | W SRR A A
Leptospora &M H & A% JE  BHETEE,
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Table 4 The composition of fungi at the level of phylum and genus in Zhacai surface white biofilm samples

Py AP 49 A8 2 F B %
5 KK F T & & AR
M1 M2 M3 M4 M5
177K F F % # 1T Ascomycota 100.00 88.89 85.00 92.86 82.35
42F # I Basidiomycota 0.00 11.11 15.00 7.14 11.76
A% 2 49 Unclassified 0.00 0.00 0.00 0.00 5.88
S K W & Aspergillus 40.00 38.89 45.00 35.71 35.29
A A Cladosporium 6.67 5.56 10.00 14.29 5.88
i& &R B FF Debaryomyces 6.67 5.56 5.00 7.14 5.88
# & Penicillium 6.67 5.56 5.00 7.14 5.88
B SL X B Wickerhamomyces 6.67 5.56 5.00 7.14 5.88
% i LT3 B B Kazachstania 0.00 11.11 5.00 0.00 5.88
vk AL F0 B H Sterigmatomyces 0.00 5.56 5.00 7.14 0.00
4T E Alternaria 6.67 0.00 0.00 7.14 0.00
& &M% F Engyodontium 0.00 0.00 5.00 7.14 0.00
K& 3k 4 Cryptococcus 0.00 0.00 5.00 0.00 5.88
£ 5w % Chaetomium 6.67 0.00 0.00 0.00 0.00
%2188 Dichotomomyces 6.67 0.00 0.00 0.00 0.00
&% H Candida 0.00 0.00 0.00 0.00 5.88
E A M 12 28 KB Cyberlindnera 0.00 0.00 0.00 0.00 5.88
k71 @ B Fusarium 0.00 0.00 0.00 0.00 5.88
Mastigobasidium 0.00 0.00 0.00 0.00 5.88
Leptospora 0.00 5.56 0.00 0.00 0.00
ok A J& Thermomyces 0.00 5.56 0.00 0.00 0.00
A& Trichoderma 0.00 5.56 0.00 0.00 0.00
£.70F # #& Trichosporon 0.00 5.56 0.00 0.00 0.00
B4 B % Zygosaccharomyces 0.00 0.00 5.00 0.00 0.00
R4 & Coprinellus 0.00 0.00 5.00 0.00 0.00
A% Z #9 Unidentified 13.34 0 0 7.14 5.88

JEYIH 5.56% . I M3 H 48 35 @ o 1 8% (45.00% )
R AL (10.00% ) , 8 R B 75 55l v DU
bk he B vw T Y g R AR A RE | ) A
HOUREREE AR REEMNEEY
HNS5.00% , W M4 b EE AR A6 i
(35.71%) ke #114 (14.29% ), LA K 4= B4 N
7 14% W TE R EERE TR E e DU R | g
0L RE BEAR AR SR, B MS
DLH it 85 (35.29% ) , e o BL A i 8 L A 1
BE TR AR DU RE WA Y v B L | R Bk TR
J& . SR . EMARE R I ERE .
Mastigobasidium , =FF£3) 4 5.88%,

3 Wit

A0 R A P IR G R AT 2l 5 A B B
(1) e R BN B B, 17 BRI A N T M 2 T 2
il 20 B TR T, A O HE R R AR
WA T RN AR AR s ) K AR
HARHT R AF X RERR AT Y, (2) AN el
b BE Y B A0 TR AN B BEA B — R ) AR
4 B & ¥ (Extracellular polymeric substance,
EPS) , 40 224 & 1 B TR G T, R T 40
W SR SR T2 B 7 R T, S Sl B A JRRONE AR 4 7 AR
Z W ARG W, 160 T 00 D 2o 2 1 A T (R S T
BEREMR A AT R, (3)JE IR AR MR, T 4
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A 2B W R AN R G I R Y HL,
eI A IR, (4) A= P I B B, T 7 SR A
T USRI AP . (5) AR IE I v 23 8. 1 40
AR WS B v, A T U A L, RS A e
BIC AR AWESE S 5E 32 B 41w s 3
PR RAF T AT ST | 58 5% S M TR R I B
JHL T, AT TR b i S >,

TR REE D, &R R B R R C BT
2 WEGTAIRIE o LT R0 R 5 ) i e - 40 R A
25509, ith 75 Be 6% 7 LR Sy A A A Al —
SERE A (040 < i K ORH LA i R A B
HELRE 1 22 100 ) B T £ o L R R, — 26
PR oA i 7 AR R T 6 P 2 1 B vl DA 2200
TR A R BT, 20 A 6 7 G BT R R i =2 05 i %
A 22 (Filamentous) , 22 1K 4= KB 1l B 97 14 24
EW %, EEARE A S AR AR ML ARG
il TRV B AE — T2 BUEE A8 52 2% 1) U A RS

A= W R TE AT R 5 — S8 A5 PR G 49 PR
SR (pH (E Gl B 8 SR8 ) TR AR M L A
PR BERRAE S5, A W0 BT 5 I BB 8 1 5 XS
A% T Ak B Bl S 2 PR A ARPTRE ), i dn B AR A
B B3 FE VP TR R (Salmonella typhimurium) g
BEIE R R, 5 B AN BE R A 5 A A F 0
AR BT 52 PEHE5R T 1 000 £ A HL/NZE ¥y
R B 28 V0 1T (Salmonella enteritidis ) , T B4
Y TR AR AR T T 2E Dyoc, oasa 235 55 T ANBE
BN Y B BRI, HER TR UM SR Y AR
WA Z ENTTEMREE 554 T B 5 I A Wi B
AR 2 S5 X A TR AL PR A7 A, AR —
SR

4 Zig

A 5% 5 9 FH PacBio SMRT #1 Illumina
MiSeq XJ #3562 T 1S AE i O 40 7 16S rRNA Ak
PRUFN LB TTST RN Y | 23 BT B R T 200 181 R L 1
RETE LA o A b v A7 TR 55 22 AN T RN LR 2
S A Y R A AR R A
[ SN I I R Y RTINS e s A U R D)
5 i w B PR R R R R e DU
[FRSNUE TS
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2 % x #
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Analysis of the Microbial Community Structure of White Biofilm on Zhacai’s Surface
during Pickling Process Using High Throughput Sequencing Technology
Yang Jixia', Zeng Xiangping?, Li Fengzhu', He Zhifei”
(‘College of Food Science, Southwest University, Chongqing 400716
*Chongging Academy of Metrology and Quality Inspection of First Branch, Chongqing 402260)
Abstract Objective: A common phenomenon in Zhacai during pickling process was the occurrence of white biofilm on

Zhacai’s surface. Currently, little knowledge was obtained about the microorganisms of white biofilm. This study aimed to

analyze and elucidate its microbial community structure, providing reference data for identifying and controlling harmful
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microorganisms and improving the safety of Zhacai. Methods: The bacterial 16S rRNA gene and fungal ITS1 gene of
white biofilm samples were sequenced by PacBio SMRT and Illumina MiSeq sequencing platform respectively. Results:
There were multiple genera of bacteria and fungi present in the white biofilm samples. The main genera of bacteria iden-
tified included Delftia, Comamonas, Stenorophomonas and Brevundimonas, while the main genera of fungi included As-
pergillus, Cladosporium, Debaryomyces, Penicillium, Wickerhamomyces and Kazachstania. Conclusions: The results of
this study could provide reference for the prevention and control of microorganisms in Zhacai.

Keywords high throughput sequencing; Zhacai; biofilm; microbial community structure



