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BE: EARBERORBERS, 2R B ATk 0 B AR, 7L 16 s IDNA AR hinde, RARSHEX
FRL-TE AR I 5k (PCR-DGGE ) 5 MiSeq 2@ M3 HAARL &6 7 ikt R & A Batsb R At sut) m ) W7 T PR
PCR-DGGE # R &, M &afEs T ami vh Psychrobacter #= Lactobacillus # .. MiSeq &l M F 4R KA, &b ek Hmm ]
EZHEME I (Proteobacteria ). A2 (1 (Firmicutes ). #4FH# 11 (Bacteroidetes ) #2#X£%H 11 (Actinobacteria ), H-F¥4asf&F
DAA 6129%. 3021%. 534%F= 1.74%. MEE Pk ¥mEA 24 Psychrobacter. Brochothrix. Pseudomonas. Staphylococcus.
Acinetobacter. Vibrio. Pseudoalteromonas #= Chryseobacterium, H-TF3A854F 4 35.70% 19.74%. 7.13%- 7.12%- 4.19%. 3.90%.
3.09%F1 1.98%. FE4 %44 % 7T ( Operational taxonomic units, OTU ) 7K-F £, ZILT 64 M OTU, Bit-F3¥4858 42 534 62.67%.
W, BieHu R & ey mE £ &4 %% T Proteobacteria 89 Psychrobacter %3 /% Firmicutes 49 Brochothrix #15, ELAF)
A on A RS e B AE.
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Abstract: Cured fish is a kind of Chinese traditional food which is popular for its unique taste and flavor.The bacterial diversity of cured
fish samples collected from Enshi was studied by 16s rDNA gene-based PCR-DGGE and MiSeq high-throughput sequencing. The result of
PCR-DGGE indicated that the domain bacteria in cured fish samples were belong to Psychrobacter and Lactobacillus. The result of MiSeq
high-throughput sequencing indicated that Proteobacteria, Firmicutes, Bacteroidetes, and Actinobacteria constituted more than 1.0% of total
sequences at the phylum level, with the relative abundance of 61.29%, 30.21%, 5.34%, and1.74%, respectively. Meanwhile, Psychrobacter,
Brochothrix, Pseudomonas, Staphylococcus, Acinetobacter, Vibrio, Pseudoalteromonas, and Chryseobacterium constituted more than 1.0% of
total sequences at the genus level, with the relative abundance of 35.70%, 19.74%, 7.13%, 7.12%, 4.19%, 3.90%, 3.09%, and 1.98%,
respectively. At the OTU level, 64 OTUs were found with the cumulative average relative was 62.67% of total qualified sequences. Thus, the
main dominant bacteria in cured fish samples were composed of Psychrobacter belonging to Proteobacteria and Brochothrix belonging to
Firmicutes, and all samples shared a large number of core bacterial microbiome.
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FARGHATIHEE, 2TV AAT BARE K f R J 34 g
A3 RS Bt XU o

PG R i P E IR AN DU 17 b )
SR ARG, (RIS EL S A — L8 S AR 0 R T REAFAE
AR, ISR i U EY 2 BT
BEATRERT N AR SO EEL AT ORI
AWIAT T 20T, HRZ RS IR T BOE
R 2 R, R R, AR A
EERAORBERECS . AR IREOR IR, —
SEARAT IR 1T BOZHT N RIS A Ymt Fe b

MBI 2 e, RIFUATRT] (Bacteroidetes )
JEEERE ] (Firmicutes) F1AEPEEE ] (Proteobacteri)
Tt T FE R B A vt R R A
HELANSASFI0 T B rh Al 2 AT 1t
Fo RIUEEANIN T AR R EA T8N Bacteroidetes
Firmicutes 11 Proteobacteria'l. #Rif H A 5% Bt
DX il Gl A= P 22 AR RO 7 1 A DL IR

ST U R (BRI 2 i it 2
FERE SRR, AU TR 3R Gl XU AR P
FEEEZ HYK (PCR-DGGE) 5 MiSeq il sl 7 HA
FHES B BTN 12 A 2 1R R R o A B 22 i

AT 7 AT, LIS i U DR £ 5T R R
PEA g R — R B S

1 MR5RE

1.1 FEMR5EE

FEGGH: JRE. RAEBEZ. N N-THF IR
IR IR . VKRR . AHIRER. CBEAI
TNtk = IR T 28 B A TR A
#); QIAGEN DNeasymericon Food Kit F&HURF &,
T4 % QIAGEN /A #]; 10xPCR Buffer. dNTPs Mix
DNA % &1, pMD18-T vector Al Solutionl, T4 T.
2 CK%E) HMRAA; Loading buffer. DL2000 Fl
DL15000 DNA Marker, & HEAYHA (L5 AR
AF]; 2xPCR mix, T RtiaMEREYIRHA R A
Fl; Axygen TGN, W T AL RHEN R AR
RIBAWRAT; KIZFF# Topl0 BAZ540M0, AL
=% . 514 338F/806R CIE[AIZIHIHINAN 7 IMEE
FRk2%) . ALL-GC-V5F/ALL-V5R. ALL-V5F/ALL-V35R
FTMI3F (-47) /M13R (-48) W4T EIBUR AN
B ARARIEG K. &353R 1 .

®1 5B RFFIIER

Table 1 Primer name and sequence information

HEZEZ S 73 (5°-37) BN
338F ACTCCTACGGGAGGCAGCA
806R GGACTACHVGGGT 2]
ALL-GC-V3F CGCCCGGGGCGLCGLCCLCGGGCGGCCCGGGGGCACCGGGGGCCTACGGGAGGCAGCAG
ALL-V3R ATTACCGCGGCTGCTGG [13]
ALL-V3F CCTACGGGAGGCAGCAG
MI3F (-47) CGCCAGGGTTTTCCCAGTCACGAC 4]
MI3R (-48) GAGCGGATAACAATTTCACACAGG

FE % : HBM-400B i G AR aE, R
TEEEH R BAIRATR]; 5810R &3 Edd %k &L
ML, 7E[E Eppendorf A#]; ND-2000C i %4kt
B, 3% Nano Drop AH]; DYY-12 HIKAL, b5
ANTANER s Veriti™ 96 FLERFE PCR $48{X, £E
AB A#]; DCode™ System, Z%[H Bio-Rad A #;
UVPCDS8000 &R BUZ 71 745, 1 BIO-RAD 2
F]; MiSeq PE300 il &E /75, 3£E Illumina 2
Al; R920 ML %S48, £E DELL A+,

1.2 o7k

12.1 #H#mRE

MO AL 48 U T SR B ILSE T 3 (109.47 N,
30.3 'E) SR 5 M AEN 4 B E T E RS K
RigEsEg s, NERE NI A ATNK
SEMTEE: (1) B absitafiiE; ) ftaIRIRRT
WA, FFAERAMEREE; (3) AR, FAMNR
TSR MR RILE s (4) RS Fa A E R s 75 70 R i
FEAGE IS
122 AT B A 7 2 F 40 DNA 323K

0 25 g VIRERIAE f N 225 mL T A= # 2R /K e
BTt 3 min, BULE TAGRELHLT 300
/min &0 10 min PR _FIE,  FIETEL 10000 r/min
250 10 min DUEUSCEE TR A, SR 518 FH R AR B
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i fRE S A ) 7 55 R 24H DNA
123 JAE 4L DNA #n)

1% A s FLik BA DL15000 Maker M
ZREE DY HIEW NG IE R B .
SRIG U4 SR, B 1 uL $2H0 DNA B T
AN RGN A L ODogonso F2 75 7E
1.8~2.0 2 [A)FF-Hff 5 5 FF i DNA WREE. FITC B a4tk
ARSI A4 TIRE i 22 R DR 4 DNA IRIZE S — R4 30
ng/uL & H.

12.4 #m# DGGE ¥4 B 541

H1E PCR I A 51 %1% 4 ALL-GC-V;F/
ALL-ViR, ¥ #ik R SR i LA 2% HF S 1R
SCHR 15 HI VARSI : AR PCR #7384 554 50
pL, BHREN 1L, BAARE (Tm) 55 Co ¥
SERE T 1.2.2 H 7 IERI Y 1 R  TEAS I A%
IR RN 6 pL Loading buffer B2 E 120 C#H%
H. DGGE &R AMERNERN 35%~52%, fFHIk
FER PRI T 60 CHIAEREMIALF I
10 uL %##f Loading buffer [¥] PCR /=47, 5 120 V Hi¥ik
76 min {fFE 5 I RS 80 V 4ERF 13 h /5 R H
RYSEY e, BURAZAT RV 2 uL BT
PCR # 3, PCR ¥k &K 25 puL: ExRA5IY)
ALL-V3F/ALL-V5R % 0.5 uL, 2xPCR mix 12.5 uL, %
RAF TR AN ST P IR B 7 i
A o S BRI 1 7 V2085 1 5 1 3G P i 12
PMDIS-T #fA!'%, FHRH#iR g = S
KIGAT B Top10 H, Pk PHPEFCREIE 2T
12.5 4\t MiSeq 518 &N F 041

X4l B 16s IDNA H#H1T PCR §4, ¥4 7%
ZHESCHR 18 HETREA M T . § 3 6450 DNA
R Uk EF 2 B AR IR 2R A IR A =T
MiSeq Fril I, 2 MR8 N R [
FEAT s | HARPEAZ R bR 2 (barcode) X437
FkE. SREFIF QIME (v1.7.0) 4MHr-Falu% T
FIHHTEWE B2 KA UCLUST 2114343 2
#eEHIE (Operational taxonomic units, OTU), i
RDP (Ribosomal Database Project) “/#1 Greengenes'™!
HARFEXS OTU HH&ARENETHHEAT R PE L
H A i, AR 1 (Chaol) FREURIA

(Shannon) F5E7Hr i FERE S A0 B 2
12.6 % A%kitFHaH

{4 ] BioEdit 7.0.9 Al Mega7.0 &:¥f DGGE J# %1

RS R B, 8] OriginPro 2017 424 K .

2 ZR51Me
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2.1 #% DGGE 45 £ A % 247

PCR-DGGE AR A4 3% X 731 5 AH [RME i 2 17
TEZ2 5 10 5T BV S A S A s A M 22 R e 3%
B p e 2 7P AR RS SR PCR-DGGE
F AT Tt i R it R A R AR AT AT, A s
i 1 pis.

LY1 LY2 LY3 LY4 LYS

&1 #H DGGE 547 [EliE
Fig.1 The DGGE fingerprint of bacteria

Er A 1~ 6 RIS ALY 1~ALY6.

HHE 1 BT %0, 7£ DGGE fag B 5 AN 230
AT, Hrh gkl ALY2 FIZ&aT ALY6
BT FE i R 3G 26 B2 SE, UiBH ALY2 A
ALY6 AR A AR B EEGR; %&0 ALY,
ALY3. ALY4 Fl ALYS KRkt S e f 6, HAE
AR b R 2T L FEAN IR, 0 B A T S R A
P LRI PR B EAS [FIRE i 8] & EARAE 57 (HAS—H2
(PIAE, BE AR LY | H 2 B AN 5 B B AR T A
VEBHIZAE o Al B = BRI 2 AR RS R A . A
WEITHE— 200 6 SEACER I M AL Sty I S 38 1)
A S EERAT X, 25 R K 2 Br.

Lactobacillus pentosus JCM 1558 (KX886789)
3 Lactobacillus pentosus JCM 1149 (MH544641)
100 | ALY5S
\[ALYZ
ALY4
ALY2
‘ﬁ};sychrobacter glacincola DSM 12194 (NR042076)

6

27| Psychrobacter arcticus 273-4 (NR075054)
25|ALY1
61-ALY3

0.050
E 2 RBEHEFIRGELER
Fig.2 Phylogenetic tree of dominant band sequences
HHPE 2 A1, 4541 ALY 1. ALY2 Fl ALY3 56t%
% ( Psychrobacterarcticus ) K1 7K A ¥ +F
(Psychrobacterglacincola) FE/— 583, 1M ALY4.



ALY5 FI ALY6 5 AH ) FL AT B ( Lactobacillus
plantarum) FEHEFANTE (Lactobacillus pentosus) ¥
AR kAT, BARFIA] PCR-DGGE R
oV % 5% S E BIMKSE, SRR Re 5 5148
WX IR A O, AHASHE R I FRE i A sl A A A
W > AT B B ( Psychrobacter ) 1 3L & AT H J&

(Lactobacillus) 37« GAWRAUEGHEY T B
XTI T A REE AT 7 B e, IR A
VIR NSLIR T . R . A AT BRI A RE ),
WA SR A ENZERNE, XAReRHT
JERPISE I DR AL Gei )5 T B R b S5 R 3R
GRS HA RN, TR TR IUE A AR AT
HIE N FE RN & (Psychrobacter), TFR5H
REETH A TE FE BN R 8 (Acinetobacter)
MR BT & (Pseudomonas) BV, Mk, MLrsswf
TR DL 7B )R EE Psychrobacter sp. SE6 eI
ZRPE IR IR AR, HRRE B TR S A B TR R
FHZ I AN /72, Hb T 0, U XS A
i HH G A TR ] e BORIE T R A S

22 4HH MiSeq 3 B I P 44T

Firmicutes

Bacteroidetes

'‘Actinobacteria

Proteobacteria
& 3 B KRR S EHE
Fig.3 The pie chart of average relative content of bacterial
phyla

AEXS T2 TaliRE TR 1AL S F B UL DGGE
Fegr it AR, Ll Illumina MiSeq NARERIIH — AR
T PR AT A U B S R B B, TR
it B 0 L SRR ) SOARE AR E M 2 AR AT
KH MiSeq mn@EMFHARMN 5 AFE G AT H
84721 A4, KA o 2RSSR FIET 43T
RIAEM FEREE A 29910 457410 LY 1. LY2. LY3.
LY4 1 LYS5 ] Chaol #5419 574, 1085, 1149,
843 F111096, Shannon FE4(7 74 2.65. 4.35. 6.62.
5.76 F14.86, BiEH LY 1 A R e A0 == & FE eI
LY3 Wi, X5 DGGE 2044 AR . 78 97%I1)
FHABLEE R olR AT S A% T 51K 73 2 6733 4~ OTU
i, WA OTU ki RN 721 5 808 e Lt s

KI, ARSI Y 18 SRR T, AR &=
T 1.0%IP)5E SCAILH T, BARARHT 17 as R an &
3 7.

EHIEL 3wl %, RS ERE SRR R ] £ 2R
P17 (Proteobacteria) fFEER[] (Firmicutes) U
Bl (Bacteroidetes) HKZk1# 1] (Actinobacteria),
FOPIMXT SR AN 61.29%. 30.21%- 5.34%FH
1.74%. fEAS—421/2 LY4 ' Firmicutes [{IAHXS 7 &
BA 80.20%, LY2 i Firmicutes fIAH X & &1 H
6.14%, LY1 #1LY3 " Proteobacteria A1 Firmicutes [
MRS B M . SRttt Rk v s o m Fe
B fa 0 T F2 Hh = EAUEY)ON . Bacteroidetes
Firmicute ! Proteobacteria, HAF 71445 5 5 A FUAH (A o

AH T —2 WEAKV Eatraim 2 e, &I
MLY1. LY2. LY3. LY4 Fl LYS R 20 2 i s
o8 27 4> 227 4> 133 4 136 M1 53 A4,
IE 3.93%HIF AL E B @Ko B 4H s
PR S EART 0.1%M47 32 4>, KT 1.0%147 8
A, BTIIAEN B B RT 1.0% 4 B s e X i35
g, B FEESTrERmE 4 .

Pseudemonas - ¢, pviococcus

Brochothrix
Acinetobacter

Fofs

Chryseobacterium

Pseudoalteromonas
Vibrio
Psychroacter

& 4 fBMEREFE S E5E
Fig.4 The pie chart of average relative content of dominant
bacteria genus
B 4 AT, st i b R O0 A A R i S T2
FEXT 25 53 A VG ¥ H B4 & (Psychrobacter, 35.70% )+
M 22 1 J&  (Brochothrix , 19.74% )« i 5. i 15 &
(Pseudomonas, 7.13%) i % ¥k 1% J& (Staphylococcus,
7.12%) ANENAMEJE (Acinetobacter, 4.19%)~ 5N
J& C Vibrio , 390% ) . 1B & ¥ # Ml W )&
( Pseudoalteromonas , 3.09% ) 1 & ¥ I H J&
(Chryseobacterium, 1.98%), 1XLEAR A & 1 AR
SFYIM T S B Sk 82.84%, {H  Pseudomonas
Acinetobacter- Vibrio 1 Chryseobacterium 1£ LY 1 H1%
B, Chryseobacterium 1E LYS HFIMNEARH . F
RFRERAKEZRBEEMNE, RLERB
(Brochothrix) 4HE A MEARSERT 4 CHAKEN, 2
VAV A B — b5 e AT SR AR I R
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i NS T12% A B EKE (Staphylococcus) , % #
Iz WA T B AR H 2O AEE0E R, (E/E A
FALMRIEGe b W R, SRE T B Em e
HEERE (S, aureus) FITEMN L. WAz iidfE
Xt i s g, (AR IR, BRI
TSI AR RS Lactobacillus CFIANT 5 &A
0.83% ) 1Ml DGGE #i AR KAl i Brochothrix
Pseudomonas R Staphylococcus At 55 Jg DA N FHoAh
FEO BRI B, X T RE2 BT DGGE #7351
Y. ARG Bl DS OZ AR BRI BRI A R 25 5 ke
Hlo AHFFHE—D%F OTU FESFE SR BB AT
Tgit, AR ME S Br.
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OUTH IR EL / Ik
&5 0TU LR ¥ St
Fig.5 Distribution of OTU as a function of their prevalence
HB 5 T, R 1 KA OTU 4 5622 4,
OTU &4 83.50%, HATELEHIFAIA 19170 %,
BT AL 9.43%; 18 5 AMEERTRIAELER OTU A
64 1>, XA OTU &34 0.90%, HH &7 51
A 127335 2k, HEFPPIEIN 62.67%, XULH] 5 M
HREAT S REIA YR R AT T0R B
N5 HAPEIAEA & &R T 1.0%01) OTU JE SUARZ L
E# OTU, Hotras Rl 6 .

90 - [ ]OTU3491-Staphylococcus
Il OTU285-Psychrobacter

80 OTU2016-Psychrobacter

[T 0TU3919-Psychrobacter

- 01 EZZ7 OTU230-Psychrobacter
s 60 722 OTU6669-Brochothrix
g 50
a0l
aadi
= 30

WH 0 i [ B

we—A (||l B EE

BEAGS
& 6 #%OMBHE 0TU S 25T
Fig.6 The bar chart of core OTUs
HE 6 AT, FEmiZois OTU KP4
&84y 7 OTU230(19.65% ) OTU6669(18.27%)
OTU3491 (5.84%). OTU3919 (3.06%). OTU2016
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(1.71%) F1 OTU285 (1.59%), HH OTU230.
OTU3919.0TU2016 F1OTU285 & T Psychrobacter,
OTU6669 £ J& T Brochothrix, OTU3491 £ J& T
Staphylococcus, ViHH Psychrobacter Brochothrix
Staphylococcus 7 B ST 5t P AZ R A i -
B 6 JRAI %1, LY1 o OTU6669 (Brochothrix) F1LY3
HH OTU34919 (Staphylococcus) HIFAXT & & T
HAFES, 10 LY2 A1 LY4 %03 OTU 1 RFF
B EELT LY. LY3 FLYS, B0
OTU 7E & it AR XS & EAFE 22 7

3 g

%M PCR-DGGE #1 MiSeq i &l 535 R A4S
A0 U DX S A BR AT T AT, 4
IR BB vt X v ) O 9 A R SR R T
Proteobacteria ['] Psychrobacter )¢5 J&7T Firmicutes ]
Brochothrix i, PRFE BIABXT & b7 21 7 405 S 20
55.44% . BEIRAS A AR i T A O BIURR R A0 B ol
B, HASH 62.67% M OB AR, HAEC OB A
B X R JB T Psychrobacter .  Brochothrix
Staphylococcus s LA FTHIFRE, X0 B st X fifs
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