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AR 1% 020 T n] 1537, 246 R 22 8040 i vk e
LU AP UAT A B A . R T g
744 PCR-DGGE , Sanger Jlll J7* I 4§ £ B[ i 45 H
A — s R BRAE TR HRE A AT T K A
TG S AR B TR W, 3 BT A 4
SEE SR SR B ORE 4SO A TE R R e 2% .
MiSeq I J77 5 35 45 Ok 242 19 B — AU AR ) e il
P HOR T 407 16S rRNA JE K 75 I fig
1Y e BE DR SF A DA B 6 B 81 AN [R) 67 6B R 2
P, BE % 1 i 19 S e A W) W) B 22 T) Y R 2O R
F22 5 L %0 kT Al i AT 2 A REAR TR
A A AR R TE A, B 4
T 1, 2 At e G P R i R R R AR AL

NS FNE HE S W) i 18 R AR O BE R B &
WA T2 JE R0 1T SR Xt oK AR 2R 4
2 i 38 R NIRRT B2, O TR R
FE IR BT T 22 Fh R 2 6F 5% 5H A= W) W 3B T RE 45
M) £ 12 3 5 Sk B L o A AT 5 LA I R T Ak R
54 ®F ( Paralichthys olivaceus) 2}y 55 56 Xt %, —
Ji T, WEE 2 B IR GE A R B fi7 T TR R 45 AL 1Y
S [7) s 55— D7 1, 3 A K JBCAE bR K R LR T A
BYERF S F 6 E RS WNMEE LR,
S e BT RE L S BIF R 2F B SR 5 T R O AR
A8 T 0 R 2 % B AR B AR 2 R 4 HOR 2 it B
WA .

1 MRSk

1.1 KR

ST 2013 42 9 A CE LR 4 H BT, A%
Bh R EEHT, B YSI QS600 7K i W AL ( YSI, 3=
B ) I 2 b g g R R i R L R BE VA R AR
pH 55K Bt 240, W IR AR 2F 8 A A
H AR K R 35 55 5 (1 3 A~ 4.5 hm” (1) 35 58 b 5%
oM N O R PR TP IS B, - 4K R 2.0 m, 7
E A ] H 4K 3 50% |, DAt 2 fa 45 R BURE B 7K
21 C,# 29,1548 6.0 mg/L,pH7.9; T.J"
PR BT oF SFAF i BB 7 T R — M X H
BRI 2 Wk DXV 22 o WOF 5 ) T ) Ak 5% B 2 ) 1Y
3 ASFREE ML P, IR FE M O 7 K A oK 8, T AR
2335 m’, FEAKIE 0.5 m, i [ SR K U I8 )G
KFEAE , H K &R 600% , BURE I KR 22 °C
4 7.0 mg/L,ER ¥ 29, pH 7. 8, LR RN T
PEWORLIC & 10 8

1.2 #HmREHE

IRFERT A& 24 0,2 Ff 5 SR A 20T AH ) RE A%
P A 6 25 B 3 ) fik B o 6 [ 4K BT i (262 +£29.15)
¢ JKK(27.5 £1.73) em ], L 280 mg/L ffj MS-
222 BRI R AR

7 TR i R AR SE I A T oK b A S B
Wi, s AT R A s & — B, BT LS
mL IO AR E A A R AT o

TeFEREE AR MR R 4 R 4 3 A 5%
Bt 9 ) IS e , SR R AL TR K AR CHEZK 1
b AN S HLRR I, B bR AR 3 YR (2 20 g) KE A,
BT 15 mL TR R E T, S B A
AT

TKAERAE B W] Y a5 2R /K 4% SR 4R T Fil
FRAARE KA 2 L(3 AN E ), KFEZ 0.22
R I8 AR S il R R 0 R i BT 1S mL
4 G TV R A R, ST BV TR R AT

TEBLAE i R 2 < T 3 % G 2% 0 1 4530 R 1 fi
Rt 3 EB(2K 10 em A£4) , BWAKIGE T 15
mL TGRS P AR A PR AF. LT
% 5 5% 2 4] IR 8 T P URL TBC & AR 100 g, 2
AT R AR R AR ARAT o

FE it R AR 5 BEAT G 5 2 R AR AE, H b g 57
BH A B B A S gw s B, T Ak SR AE A 6F i 38 R
adn s B WE SRR M i AL, L) AR E
BT KA it G 5 A8 B IE IR AL W g 5 C7, fif 2%
AL S5 EL, T 0B RC 4 fDRHEE 2 5 E3
1.3 EFZ DNA £

fif H 4+ 5 5 K 41 DNA 42 il A &
(OMEGA , 3 [H ) $2& B4 1 HE K 4 DNA, sk
APy HE R 4 DNA B Bt S JCHS U8 I B 54>
AP 3 ANPIRESE IR 2 — BT IS
mL B4 S, A 1 ~3 mL Buffer SLX Mlus,
5 1R 5 R IR B BT R s AR 0.5 g UKL AR, FHF
PREERE, B T 15 mL B0, MA 1 ~3 mL
Buffer SLX Mlus; 718 &£ 5 3% K 40 DNA 32 B,
PR ST A P i 3 AP AT R A B B SRR/
MIZHE B, B T OB, ImA 1 ~3 mL Buffer
SLX Mlus, B B 2 Jo HOR 41 4500 1k, ¥ AF 5 Tk %
B2 15 mL .08 FRIRIEAE2 ~5 g, BT 15
mL .04 H . Ir A HE b #Y DNA 2 BUE 3R 2
HE T 4% DNA 42 IR & UL B 45 0 0 $2 33 iy A
ik K41 DNA BEAT 1% B i W Bk I vk A il
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1.4 FEBEWNFSH

B XM 16S rRNA FE[H V3 + V4 X1
barcode ) 5 5 51 ) 338F/806R, 5| ¥ F¢ 51l M
338F:5'-ACTCCTACGGGAGGCAGCA-3",806R .
5'-GGACTACHVGGGTWTCTAAT-3’, PCR ¥~
WK 20 WL 2 W& & .5 x FastPfu Buffer 4 pL,
2.5 mmol/L dNTPs 2 uL, 5|4 338F/806R #%
0.4 wL,Taq i 0.4 wL,Kiff 1.0 wL,ddH,0 12.2
wL, PCR % 1f:95 C 74 120 s;95 C 30 s,
55 T 305,72 € 30 5,30 MEH; &5 72 C 5
min ZEff

PCR =) 4 i 2% By B W 6k i vl Dk Rr U, 2%
g W, BR /NG iE (430 bp A ), i
AxyPrepDNA £ Jiit [1] i 18 7 & ( Axygen, 3¢ [E) V]
J§E [ ise PCR 74y, LA Tris-HC Ve i J5 & 454 Y 7 2
Sl PR SR O o Bk B & R B HR IR AR
Al — 3 25 FF A0 A 1 ng PCR ™ ) i) b o 75 46
PCR ¥y, %8 J5 F§ 0. 1 mol/L {¥) NaOH ¥ i 25 1k ,
A Bk DNA J B, # d2 il 77 3C % J5 72 16s-
338F-806R Miseq V- &5 #F 17 il & I J¥ ( 36 7 4=
W, Big) .
1.5 BESH

B 5 BT R < B A BE—OTU R — 432k
S50 0T 4 BT 97 % 1) FFE uparse (version 7. 1
http: // qiime. org/) ¥ 7 & #E4T OTU Rk, %
JH RDP classifier Ul i 37 55 1k X5 97 % AH ALk K - 1)
OTU R FF 5 A7 73 227 o0 M7, IR AE 5 D KF |
GETHEEASFE S RV 2H 852 ) AT Mothur 174
i B R £k o Mrs 3) 4l A A AR 4R AL
(‘Shannon) |+ 2 45 % ( Simpson ) FI 4 Fft - & Ji
TR B (ACE) AR AN A S Z AR ESR 8 4) F
Ffl Excel i1 Mothur %% {4 1 /£ Venn [&;5) F|
Fasttree 2 + R 15 5 il 1 2451 ;6 ) FI ] R i 5 1l
VEE 43 BT 57) F T SPSS #4 (16. 0 FitA)
XoF UM ik 2% S W R 0 BT, R 25 S T KR
P=0.05,%4P<0.05 WERESEF,

2 4

2.1 E-TF16S rRNA EENFHHMAE SH M

LL 97 % H AL A 7K 7 Sy A 1 ) 43 1T B A 43 2
MIE(OTU), Bl B5 Al (A8 .C7 .El fil E3 k£ M
B4 BB K145 9 309 328 228 297 646 122 J%

126 /4~ OTU, EZACKJERER ] BRI 1] i 4
[T ( Actinobacteria ) \ ¥ #F & 1. # % I']
( Cyanobacteria ) . 8 ¥ & [T #1 ¥& W & I
( Verrucomicrobia) 7 LG ], HE T Bl #L %E HY
— 8 BRIy 51 S LT R Y OTU R 45 3
1 RVl R (TR 1), 45 2R 38 WA YR BBURE IR 3 )
15, M7 45 5L 6E 96 B0 52 M S e A ob O #o4n
PR DG R o AL RE I E F 8 T AR R
HMTE AR R (3R 1) Hop CT B i ) & AR 45
B Ky 4.96, 3 3% FR 46 Bk /b Ry 0020, B3l
B UE i 4 P 2 R M B s B3 ORE I A A AR
B /Ry 1,70, 3 3% 2R 48 B Ko 0.336, R W
TV URL R B B 2 R SRR, G T
b 7R AR SR A5 B AN B 2 BE P, & B B
BESH AN £ FEE R T BS, B O 55 5 F 6F i
TR RE B T T Ak 3R B A 6 O TR B
W El MR Z R T B3, CT H B BF 2 FE 1 5
150, 2% B S R A 2% R R F BT B B RE I 2 A
PES BT BV R AR ER Al
BE S AR 2 AR PR T A8 FE L, AT AR 5 55 5H 4
ARG P EWEBR T ZMMAEMNIAER
Ko Hh AT HE T 2 T i G B R 2 AR 2 B 2 A
5% PR 1y e R o 4
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Fig.1 Rarefaction curve
Al. pond water; Bl. pond-culture Japanese flounder intestine;
C7. pond sediment; El. frozen bait fish; A8. indoor culture
water; B5. tank-culture Japanese flounder intestine; E3.

commercial diet. The same as the following
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Tab.1 Bacterial diversity index based on16S rRNA gene sequences
GG A RUT 5 E AR NS IT ARG T ARIE L Yy i F e AR K
sample sequences OTU Shannon Simpson ACE
Al 15 897 229 2.98 0.169 283
A8 14 760 298 3.06 0.100 466
B1 24 298 310 2.31 0.254 350
B5 21279 329 3.34 0.112 357
C7 12 680 647 4.96 0.020 746
El 8 942 123 2.12 0.311 183
E3 13 519 127 1.70 0.336 170

2.2 HHEWAM

Xt R Al (AT R0 5 BEAT I R B AR A A
GETHAN[R) 53 28 550 B 6F D7 1) 20 1 1] 28 KRR A SR
BE o WFITAE R, AR AS R RE i 2 1]
PSR B OR 22 5 0 B P BE IR [T AR X
BEfR K, XF L OTU Kiw o % A i 25K OTU 1
30.49% , A& JE B 115 19. 16% , B AT & ] i
11.11% 5 BS w28 JE W 1] A X F % &) K, b

44.31% , JE BE R 1] i 11, 57% , UK W 1] b
4.79% ;CT LIS IE B 1] AAUAF 17708 3, 7
A 64. 81% 5 PR LUREBE R [T RIAZIE W 171 0
LA EL I PR 40 R A7 B R 96. 41% , 7 E3
Hdi 77.23% 5 K IREE R LIS TR B 1 AUORF B TT R
WBET] N 32, AL FI A8 H {3 T 1) Ao 288 0 A 22
ST, AL AP LR BE T AR B (47, 11% ), T
A8 FARIE W I T AL (61.25% ) (% 2) .

R2 BERABABRNERBENEE

Tab.2 Advantage bacterial phyla and the relative abundance of each sample %
Al A8 Bl BS C7 El E3
JEEETE ] Firmicutes 0.26 0.26 30.49 11.57 5.13 66.05 64.46
AR JE 1 ] Proteobacteria 24.03 61.25 19.16 44.31 45.58 30.36 12.77
#H#F5] Fusobacteria 0.08 0.03 11.11 1.56 2.44 0.30 0.13
TR # ] Actinobacteria 1.55 1.33 1.70 4.79 0.83 0.31 0.23
LA ] Bacteroidetes 26.73 19.29 0.05 0.02 19.23 1.54 0.39
% %5 ] Cyanobacteria 47.11 14.61 0.09 0.08 0.30 1.36 0.22
PEfK R ] Verrucomicrobia 0.11 0.47 0.07 0.01 0.40 0.022 /

TR A /7 FoR R A
Notes: The symbol” /” means non-detected

i 8t A R e AR X TR B R Y R T A
OTU FIr X 07 f4 240 B , 76 )& 7K 7 b X 45> FF i 1 T
TEL AL S AT AT it o i (18 2) o S5 R R I,
Al o] Jp R A W £ 2 WA E R
( Flavobacteriaceae ) ) NS3a & )& (10.74% ) , HAth
i o R o B AR R O RS R R
( Pseudoalteromonas) | 2f fil ¥T & )& ( Bacillus ) . &
YT B & ( Photobacterium) I\ # J& ( Vibrio ) F1A~
BT 17 J& (Acinetobacter) ; A8 H 32 % BT 18 7}
) NS3a 1& J& (13. 08% ) i =& 5 Y i &
(10.75% ) ;B1 H = B2 2 4T I )& (27. 66% ) ,
HoAtr A% = 2 Hy v BRAR RO A Sh AT s L & 6T
W& 4 A A R LI R BS TR S A R
(10.37% ) ZF A R (9. 42% ) &K IGH H &
(7.32% ) \ZH#F 1 )& ( Legionella,7.32% ) 13K

W (4.05% ) A FEEFARE;CT h FEZ
Wi #F & #} ( Flavobacteriaceae ) [) Marinicella &
(10.95% ) VL ¢ v A i 44 ( Gammaproteobacteria )
HJ Actibacter J&(9.95% ) ;El1 th FHEEZFEHIMHE
(58.13% ) , H R & 9N J& (12. 61% ) Fl fizs K 1 I
( Enterovibrio ,6.79% ) ; E3 W £ & R ZE AT H B
(56.37% ) , Hoft b9 & AH XS F B2 T 0. 50%
2.3 ETFTOTUHERNTEERFEN

TE 1R £ 73 287K b 43 Sl % 2F 6F figy 38 7 A
R T R E , 5 R R W PR SR B AT O Y
TE oG B TR A A (], B[R] b O T Y R Ay
MAFAE R K 22 5. 55T Bl Al BS 5 o 423
OTU fi Venn [&], b 48 W5 A i 8] (19 22 5 . F BF
Jo AL A R OTU BN 367 A, 1 il 57 FE A =X
A IELA OTU 0 270 A (K 3) , %I )
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P20 T £ 15 2 F AT R A Sh AT R e % AR
J& R OCAT B A R (18 2) 5 OTU S
73.57% ;B1 R A 1) OTU X 39 A, X I i 2 &
T8 R R B R ( Fusobacterium ) | T3 # & J&
( Empedobacter) . ¥ ¥ 1 J@ ( Xanthobacter) il £k B
M )& ( Halomonas) , 5 OTU g2 %1% 10.63% ,B5
A ) OTU %y 58 A, % LAY 41 T 32 %8 02 % 2

( Lactobacillus) | [H & AT J& ( Azospira) IR 38 3%
A, 5 OTU G 15.80% o A 13t 7% A1
LT ARG, 2 AR O o 6 i 1 L
RE L 3X e v 280 A 28 1 790 B 0T 4 1 T A
Bt o S A0, WP SR A A SR O BT I 2 2R
— & OB e A TR R A v ORI [R) RO AT T
FRATIN R 7K B0 B 0 Jo AR} i gt 8 vl 9 A T

8 M W 8 ( Anoxybacillus ) . 3L H W )& IR G A Y i 16 TR R A A 22 R E R
100 -
]
- ]
Y| il = =
y B
2 60 —
o3
=
k=
m?2
S 40+ |
20 +
0 VB
Al A8 Bl B5 Cc7 El E3
i
samples
@ Bacillus [l Acinetobacter B Marinicella
B Candidate division. WS6 norank [0 Photobacterium Bl Actibacter
O Chloroplast_norank B Legionella B mitochondria_norank
B Unclassified O Vibrio Hl Enterocibrio
@ uncultured B WCHBI1-60_norank O Others
O NS3a_marine_group Bl Pseudoalteromonas

2 BmPEKTHBMBEEARSH

Fig.2 Bacterial communities and distribution of the samples at the genus level

B1 BS

3 AMFEEEXTHEBELEF OTU S E
Hg.3 Shared OTU analysis of the Paralichthys olivaceus

intestine in two culture environment

2.4 FEHFERBLEMNEILEF

R T 25 R ST 6T gy 3 TR R 5 AL 5 A OC B
BHEFHRR WETERELEW FEREBERX
FRAIECE 4) o AR B AT 206 AR R A A 1Y
AR = B2, J1 20 ) B Ay 2R FH 48 07 3% 42 125 7 | oK -
FAEMET 7T R A2 OTU MRS K T i
AR, B T o o A ) SR 2R 6 R, 45 R BUR,
B5 %48 B1, 4K J5 M ik SRk iy E3 (E1 A8 (Al
L CT 545 4 FE o 8] 8 RE 09 40 OC R, AR IRBE A
RN FRE(BS BL) 5 &Y (E3 EL) H #E Y
HEALOC R EE T W 18 R 5 K BR55E vh R (A8
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AL) AL & I 552 6 B 5T 1 o BT i T8 T
HE(B1) 5t v vh i HE (C7) 1 34k 6 R fe i
(B 4), 43Hres R Eom, Bl BS BHES &0 , Ui ]
W 3E 5 T 057 58 2 B i 18 T R 45 R A 0L BE
Metastats 2= 2 M08 P >0.1;A1 A8 5 C7 {Fi &
O, U I IR SR A K SR BE LT AR SR A K 3 5 LA
Qi I8 JEG 6 Hh AR BRI 25 A A BLE R EL 5 E3 A
PRSI, 150 Y i e £ VEDRE AN T M 0B 1) R b B R

SERARMRIBE R (I 5) o LA A Rl 1) 27 ik 2 Oy
2% Jf Bl \B5 \E1 \E3 5 PC1 B AHBE 3 , 6
BRIX 4 AR il bR RE 25 A 32 85 PCT RS2
K, B EF K 57.92% ,A1 A8 .C7 5 PC2
AR BE B, B ITIX 3 AR A PR T4 H 2 R
gy PC2 B2 R, 5 B 2 [ 119 26. 09% ,PCL |
PC2 1 b 3 18 0 XA dh o BT AR 45 ) 1 2 Wi A JBE 3K
F S A T 86.01% (& 5) .

o =

Pseudomonas
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Alcanivorax
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BN | /icertae Sedis
Owemweeksia
Lewinella
Tenacibacuium
Polaribacter
Lutibacter
Actibacter
Winogradskyella
NS5 ‘marine_group
Gilvibacter
Croceitalea
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4 SRZFREHAMBEE
Fig.4 Heatmap with Phylogenetic tree
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Fig.5 Sorting analysis of different samples

BT READ S OTU %l Venn [, 47 A1 )4
S (16 ) o BURE i Xk 14 Fof 5 B A5 50 /9 7K B 85

(@

& 6

1

PEATREIN , e B 2 b % A AR X K BR BE 1 R R K
s An AR A R A pH FE R AR
(P>0.05), Al 5 Bl J: 4 OTU ¥ 18 4,
i OTU Gy 3.47% ; A8 5 BS L 11
OTU %k 127 4, 5 OTU ¥ 25.5% ;C7
5 Bl 411 OTU %k 24 4>, 5 # OTU &4k
i 3.58% ;E1 5 B1 LA/ OTU %k 39 4, &
Wi OTU Mk 12.5% ;E3 5 B5 L4 1) OTU
BN 4T A, 5WE OTU B8 11.5% ,A1 5 C7
AR OTU %k 100 4>, 5 W& OTU L% my
11.4% , 253 WoR 2 P38 5 BN o 6F g 18 1
FESS A 5 B KR5S v 00 T A 45 A0 AR LT A
LI G )6 5t I IR 5 O 6T i 0 4 R A DL 8
I, 33X T30 B £ W A K 20 85 2 5 ) S 6 i T TR R 4
Fa 1 322 R 25t 30 VS 5 % A 66 fip 3 1A R 45 A 1Y
AU PO Y

A8 B5

E3
(®)

MEFAERN (a) M T UFREZEX (b) HEREHXE OTU SiTE

Fig.6 Shared OTU analysis of the samples in pond-culture(a)and tank-culture(b)environment

3 3k

ARWEFE I X 2 Fh I A A T 2 6 g 3 T
SRR AT AR T B i 38 TR ) — AR 4
o G H TR A S S i R 2R A e R A A2 T
WEFE A 6T S e B IR ALRE PR AL T K4l , W] Bt oy %
B VA58 ) A S TR R A g A T e S

o 3 A W0 A 32 A& AR A HLRE HLA 00
B TE R EE AR B R E AR T LR
00 o Yk B BB Y R PR AR
WEE R IR K 0l T8 YA 3 A T SR R
B (Aeromonas) F1 ¥ & ( Bacteroides) " ™",
VISR 77 R A7 R | G R
Tanaasomwang 25 %' % W o 6 A7 HE 01 iz 38 {9 B

HE O 9T B B i T ( Pseudomonas ) , 5 5% 5 7K
A P 0 0 4 TR R A ] o T A 52 36 X 2 B i £
FELER LR 2 T SR B SO /9 2F 6 i 18 O 4 R
TR LAZFFRAT B AN ShAT 8 AN A AT RO 3 B ST 4G
A 22 5 AT RE S M LA VPR DL R B A )
(PSS

AHEFE KR, Ut N LT Ak 3R BE 6T i T R
RESTUARL, (H B RE S A AP e — o 22 5o BRI
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Comparative analysis of composition,diversity and origin of
intestinal bacterial community in pond- and indoor
tank-culture Japanese flounder ( Paralichthys olivaceus)

LI Cunyu'?, XU Yongjiang', LIU Xuezhou'*, YANG Hongjun’,
SHI Bao', SHI Xueying'?, ZHU Xuewu'"’

(1. Key Laboratory of Sustainable Development of Marine Fisheries ,Ministry of Agriculture ,
Yellow Sea Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Qingdao 266071, China;
2. College of Fisheries and Life Science ,Shanghai Ocean University , Shanghai 201306 , China
3. Rizhao Water Conservancy Fish Farm ,Rizhao 276805 ,China)

Abstract. In order to investigate the intestinal bacterial community comparison and its relationship with
environmental factors, intestine samples were collected from pond and indoor tank-cultured Japanese
flounder, Paralichthys olivaceus,and the composition, diversity and origin of bacterial community in them
were investigated based on high throughput sequencing of 16S rRNA gene and six other samples from
culture-associated environmental factors including culture water,feeds and pond sediment was also collected
and their microbiota composition was also investigated using sequencing of 16S rRNA gene. The results
showed that the dominant bacterial community harboring in pond-culture Japanese flounder intestine were
Firmicutes ( 30. 49% ) , Proteobacteria ( 19. 16% ) , Fusobacteria ( 11. 11% ) , wherein the most abundant
bacteria was Bacillus(27.66% )and the least abundant was Vibrio based on genus level; whereas for pond-
culture Japanese flounder, its intestine holds a core microbiota composed of Proteobacteria (44. 31% ),
Firmicutes(11.57% ) , Actinobacteria(4.79% ) ,in which the most abundant bacteria were Acinetobacter and
Vibrio based on genus level. The most abundant bacterial operational taxonomic units( OTUs) in the Japanese
flounder intestinal content are those related to nutrition metabolism, and the potential pathogens and
probiotics are also important members of the intestinal microbiota. Differences and phylogenetic analysis
revealed that the composition, diversity and origin of Japanese flounder intestinal bacterial communities were
closely related with feed,followed by culture water. The present results would not only facilitate production
of high-efficient probiotics, but also could provide theoretical support for construction of practical micro-
ecological technology for P. olivaceus under different culture environment.

Key words: Paralichthys olivaceus; intestinal bacterial community; 16S rRNA; MiSeq high
throughput sequencing
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