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KA IE S B SR A, AN PR E
W5 G A= R 5 AR R, — B SRa s A B
HbBE T, B TR AR U RIS = TR
B B ARSI T, W o 2 45 A o TEFR
E R ITHEATER ORI 50T, MREK = AP )
FERHMNLL “IRIT” BB AS DL BT R
F, Kk, fa AR SRR e SR A O A
ZRVE(T W45, 2004; Merrifield et al, 2010; Luis-
Villasefior et al, 2011; Buruiani et al, 2014; #xar &%,
2017) g A= T i 700 3 2 58 0 i 2B 1 ) AR S T AR
A 35 A0 U R T I AR DA A S PR BT I T R
AV, SCITCHUA . BESETS YL R BRI . Ak
MHAE, WEREEANFEAESRS.

HAET, K7™ SE W &5 4 W a6 4
WL PRI . RIRAETE . FLIRE . EM A, LI
— B A S N 7 20 T R B P R 4 (T 5 4,
2004; Buruiana et al, 2014) . 25 f0 AT B FI7L IR B A2 107
BRI Z WM —a A, A U AT DA SGE 7R
KRB B, I HERr7 58 K A sh i Al s iy A
VA, PRSI SIS LR E R ), (ks A
£ (Merrifield et al, 2010; Luis-Villasefior et al, 2011;
tRA AR, 2017), (EZEFRGEN T, EAPER
B, 2R T AR PR IR P K B (R4 4%, 2001; Fu et al,
2017; TRARUREE, 2017). fEiFFRE M AE K (TR H 5,
2001; Merrifield et al, 2010; Liu et al, 2012; 1&& A%,
2017)Fni 45 S5 25 I B T fF (Jiang et al, 2019b)%
JrERE R TR R . B, EWNAMAH &R
S UEAT IR K fa 2t I8 57 5E 1T N IR R

AV AT HH A T —Fh g AR TR R, R R
R R AR b R TR A AR P B 2R A R R A R 3
(A ESE, 2017), AHFFE N FH % i A8 TR 700X 3%
F5 514 ¥ (Paralichthys olivaceus) i i F1 35 55 14 B 45
FFEATIRE , LA 7R S5 5 K AR R Je TR LU e
T8 H B A P T AR AL R S 5 A TR R R R Y O
F, RNTT R - I 5 8 R SR L FH 25 A TR TR RN AR
B SR B R R A e S

1 #wRERE
1.1 ELIREIE

542 AR RN SE 8 T 2013 45 9—10 AEILAR
A H BATK R FE5 % (35.29°N, 119.44°E)i#E17, %+
T FRE] S 3300 m?, FLIR M PR VDI R 2 1 375 th 3
KA 2.0 m, F3 5l R SCR A XS BREH b IE A 5

B A T IR R (282.0424.23) g, IR Ky (28.3+
1.93) cm, FRFHEBEY N 4.5 FB/m® . DRt R R
RERAME 2 Wk, B IR AR 3%~5%, &
FAK 50%. SLHYIA], HESRRK R KT SRR 7K
18R 21°C~23°C, RN 27~29, E#4A(DO)=5 mg/L,
pH } 7.8~8.7,

S5 P {9 £ A TR AR O A SR g 5 H BT
A S ERBERR T TR A 45 (0 7= i, EE o B AT
J& (Enterobacter) . ZF ¥+ 1# J& (Sporolactobacillus) .
FLAT I & (Lactobacil lus) 55 #ii il A 40 , A 8800 AU
T 1.0x10° CFU/g. 7E i 7 S5 56 19 FEmb L i %2 2%
A R ) 4 e D S < 422 BE Tt 3 /K 44 1.0x10° CFU/mL
AN b IR0, AR BRI 1R, FAHOKE
AT IR, LA 10d, 7ESS 11~15 K4kS8 B AH
KBAE, LI ILFELE 15d; SR E], X IR R R
s AR IR, B AR D

12 HEmXE&E

FESZIGEE 1 KUN N 25 A= T i 500 AT L a8 25 4 )
FEEE 5. 10, 15 )51 2 b IER KR . TR
FIFRGE 6 T8 A TRE SRR, BT RE b R R P R
SERIB AL o BRRTE LA REMEET, S8 RS R A MR A
PR, REFHEWT:

Fn B AR - AR UK BB ML 6 AR TCAT fi] A B2
R B AR BE T 6T, SR MS-222 (Fluka, 3¢ FE)FR G
KL, WA TR, BULEEgiE, R
B N ER R EE 0 Y TG B K i e i T K
W, AT RWECE T, FFR AR A TR

JEUeHE i . FRVEAS R AT IR VS, RAE 21535
BLFHEK T HEK FURIBE AL, A R 3 IREE
mn BRI IR B R Ve RE L FE IR AT, Ak
FREBEOE T, SLRARE PR

FEEKEE . B Y 55 2R K A8 SR 4 3t I K
FE, 0 T EIEK 11 L HEZK ORI S ML LR 4 h
JZOKAE, R RAE 3 WKAE S, KRR BTt 3 1 7K
FEFEOMRS), IRAIG/KEELERE 3 L, £ 0.22 um HUEME
B IR SE BRI E TR O T AR AR

PERMEE - SCOR AR, 5 R e 2% £00 Sk U S 1 [)
HEGTUER (5 FH TG TR e B v B AL S8 4 fa fk 5~8 B (4
KH 10 em ££47), TR FET SN, ARG
WIFEE BAPIR , FEAM IR A1 e F R B O T, W
RO

SCEGHAE] , KRR UCRAE W RE S HET TGRS L o 2R
17, HACREER R 5 02840 S5 00 L3 1,
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Tab.1 Samples collected for microbiota structure analysis

2 51 FE i FE 5 455 Sample code

Group Sample 1d 5d 10d 15d

SEHbYE MM Intestinal tract EG1 EGS EG10 EGIS
Experimental Jiyg

pond Pond sediment

JK Culture water EW1 EW5 EW10 EW15

TR BAif Intestinal tract GI - - GIS
Control pond je

Pond sediment

JK Culture water ~ W1 W5

EM1 EMS5 EM10 EMI5

M1 M5 - M15

W15

1H#¥} Feed  #fZ%ff Fresh fish F - - -
Brm¥a N2 ool e o i | P _ _ _
Probiotics Probiotics

1.3 HEBEYE DNA RBERSEENF

BEREAR PR A U, Hd, AR A SR
HRORES, BAIER 6 N PATHEAR T RS, —
INT A R A W DNA 4R B0 ) &
(OMEGA, 2 E) UL 5317 0E 9 5 DNA $280; H
RFEARE TR ARMAIR)G , S BULH B4R
M DNA, 4% 44 16S rDNA V3~V4 A] 725 [X 53t
£ barcode AR5 19I(338F : 5'-~ACTCCTACGGGAGGC
AGCA-3', 806R: 5-GGACTACHVGGGTWTCTAAT-3'),
JFiEAT PCR #73, PCR 7=y 2 3 N M58 M v RSz
EA% I 8 AxyPrep DNA i A1 5] £ (Axygen,
EEHVIF W PCR 7=y, IR EF SO, SRA
Miseq - &5 #4755 38 5 07 o

14 NEFHEEMERFEDN

e A 0 A 79 4 A1 R uparse (version 7.1
http://driveS.com/uparse/) 5K {4 5 XF Ab #5147 51 F
FRAEHAE, R RDP classifier (v2.2)%F ALK F 5
T 97%IP T #24E /25 BT (operational taconomic units,
OTUYRERIF AN AT IHK /T, FFTES A KT L geit
FEAFEM IR 4L ; A Mothur (version v.1.30.1
http://www.mothur.org/wiki/Schloss SOP#Alpha  diversity)
PEAT R R N 22 20 A 5 23 0 ) A5 4R 46 % (Shannon)
FYFhF 5 B AR BUACE) WA U B 20 I R
W H #ET E ST 38T . R Excel 2016 FA4EXT B AE 2
FEPERUARRS F B AT e o0 o

2 HRE5HH

21 HFmMEMZEEKFESH
A TR AP S T, PSR ARER 15 400 2%

AROFI, AR T IR B, S200RE & A
JPEE AR TSR (B 1) S FES AR Z R R
FMRAR YA MBI . A 67 IE | KR . R
£ AE B Hod Sl B TR R A B AR SR 4,96
YRl RO 746, B i mll, WM £
FEME e s R, BEE SRR TT R, R Je Rt i
T RAG BN £ & AR RO R TG LT
B, 15 RINESHMHERREIIE T 1 K. ik
P 2R RS T RS BTk g, i aE
A 2R AR R, R R T, 2E
il TR & 1) A AR 8 BRI R B R B R 1.64
F180.7, BN EANE, VEIIRUEY Z M EAR(E 2),

600 -

Observed OTUs
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Fig.1 Rarefaction curve of microbiota in all samples
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(Cyanophyta) . T[] (Bacteroidetes) F1A L 1 [ 1A
FRPE M IE AR T BB, TN gs AR RS, iR
TR R EE S S TR, SRR AR B AR Ao
SRS, ARG BT AR = i R ARTE BT RR
BEGT b S e ny) E2U0HERE, B LR i AT,
AIE TR NREfa BT, InERERE A o

P O s N =R o i B S S OB S = VAN 7
W . FLFTHEIE b LR 4). WG 6
[ ke, B SC AR HEAT , 2R FUFF IR (Bacillus) |
J AT o R R S B T, TESS 15 ORI, A75A]
K 21 i K7 18 8 5 45 A1FT 1 8 (Legionel lay A X =F B
2.95%¥4NF] 7.19%, A ZhHT I JE (Acinetobacter) . %&
JEAT B J& (Photobacter i um) F15IK 5 i (Vibrio) A1 i 5 B
LSl ol = N U T P71 I O NG A )
NS3a_marine_group fHXTF NG BT T
Yert, ZEFLAT R R RE X = B 7 S 0 4 A= T 7 3R A 5

100
80
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40

FIXTFEFE Relative abundance/%

20

EW1l EWS5 EWI10 EW15 EGI

£ Sample

EG5 EGI0 EG15 EMI1

10 K, IR 3.78%H N5 33.64%, 2 J5HH & FFF;
JIi 5% 3K 41 (Desul fosarcina) fi 5 W) Y 3.34%%% T )5
TN 3 8.62% 5 ASIAT B JE AH X = B ZE WS N £ 4=
IR S K, RPN 0.01%3 %] 13.15%, Fl
JaRIE TR, 25 15 REKIAE]; Marinicella £
XTEREH 10.95%5C NI, F T2 2.87%. A6 iE |
FRFE KA U Hh 1Y) 5K B i AR X 3 34 S AN [
BER R R JiAh, fERInas AR HI RIS 5 K,
a0 2] JEC PR A it v A T TR (0.11%), 5% 10 KAH
SFERE N 0.05%, HAESE 15 KI5 1IN 54 B A AR
5 RBF, JERVEHFE i ARSI A B B A

23 XRMEFEGIE, FEKEMIKERELSN
St AR b, X B IR A A G A s
Candidate division WS6-norank 1{3% 1) 14 J& A X =F

W JEBERH|] Firmicutes
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Fig.3 Dominant phyla in culture water, intestinal tract and pond sediment during the experiment
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Fig.4 Dominant genera in all kinds of samples during the experiment
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FEAR T 40.98%, ZEAUFT BB ARXTF AR, &t
FFAE . AT RE . AR I8 S5 D03 AR X
FE A 35.46% . 64.05%F1 134.58% (K 51).
SIS TF AR B, S50t 3 OGS B b 8 K PR v ) A B
ARG, Bl SC B b AT, X Bt s AR AR R A
P JE AT AR R, Foh, NS3a_marine_
1R 32 %5 B4 it 1 J& (Pseudoal teromonas) . A2 5 B

JItL 4 i (Alteromonas) I+ X = BE AR (kA WA &, 1
BIETRE IS ST, FRE, SEEIFHE,
ST 355 Yt 35 R X R Sl 3 P Ui r ) 0 A TR S 4 R 2 R A
T, BEE LI HIELT, S UEH Marinicella, ZF
FF# & . Candidate division WS6_norank 25 AH X = i
A I, Hodr, Marinicella f9AHXS F 5 I
Ja R, T2 FRAT R W 5 A AR S (ST o

group .
I I
100 < 100
Sl B
§ 80 e g 80r =
i - S
# & 60 4 g 60
i =g
£ Bo 407 o
o
i I u
Gl Gl15 EW1 w1
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= R JPRIR Pseudomonas u SFRUFHR Bacillus ® NS5_marine_group
 Aguicella  Candidate_division_WS6_norank  Owenweeksia
® TM146_norank B4R R Pseudospirillum
OM6ONORS_clade
K5 MIRAUFELIE G1 5 G15(1).
24 HYEFEFRGEEBEHNEEVOET

8 F F RS BT (PCAYIT LUE i, F 5 1 (PC)
B TR R A 55.98% , 7 25 T E 43 2 (PC2)H 22.97%;
SF B TE R 5 R L S U 1A Y S O AT, 5P
i T8 P ) TR AL RS PR RIS DR A AR 5 TR, St
HKARFAEL, Y8 IRE A5 28 A8 B S sE AR, 16
HH 25 A B o b 3 TR R Bl A A i 5 K (1 6) o

FEJE K b, 383 % 45 B i s R R R S
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Fig.6  Principal components analysis (PCA)
of different samples
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Fig.5 Structure of the dominant genera of intestinal tracts G1 and G15 ( ), culture water (') and pond sediment (1Il') in the control group
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AR Z R S, TR VRN 45 AR T 4 590 LA
Ja s WA R JERE bl R ZREPE R 58 T R T
S, FRIA I A A AR R T e Y
AR, IX 5 TEHTAE (2014) X0 AR 2 1 70 A Rt A 5T %
EEYIREVE BTSSR — 2. U9 2R B0 w030
T IE KPR FRE Ve b ol A W) AR PERRAR , — T3 T vl g2
AR RO ST, S0 TR E R R A A KGR
55, 2014); 35— J7 AT RESR IR N B0 4 A TR AR AR B 3K
BRSO BR , {EL AT i [R] 42 1Y) 5 S5CHE 20 5 A T
DEFATA, I L = AR AR A9 e AR T A BRI, 2L
AR A RS, PEUE Y AR . TERTE
LA 5 AR D T, S H R Y i A R R SR
H AT T R FFLAT T A A, KT, X SR 7E 57
BH A S E KR R T G AR AR (P 4), SRITRT
SR W) 22 R B 00 DR DR L Jis 2 o 8 T e A R

3



543 &

P EMI0OEMIS5 EW1 EWI15 EWS EW10 F EMI EG1 EG10 EM5 EGS5 EG15

e ———

T
0 0.01 0.15 2.9 77.51
WEAEXTF ¥ Relative abundance of community/%

K 7 FEFEBEAXFERE R Heatmap

Fig.7 Heatmap of relative abundances of microbiota
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FEH, Wk R A BB TER, AR
YEFFAE— BT PEDIRES, BRI Z AR R . F 6
3B b P Bl A ) 2 R PR AR X FE AR, X T B I
SRS TSR AR R , Wil Sy HE AR A it
T — AR A A A A ER BT, e RGBT
RE, {1l T A AT REZE 5 HE e m P AR A N 7
B, AT AR 13 B 55 X L T R 45 A FR A 52

32 FEipEMIMEREBLAENS T

AWFFE RN, WSINgE A B HI RS, K AR s
P TAN AR X S RS I, B A RE AT G AR
RIYF R, FEARRT 32 B A 3 e — e FR 1 42
T FRIEK AR T DO W& i, e SRR % BEAE 2
RIS AT DR 45 A 1 A 7 RS o it 3G V) 25
TR B AR Tl e Sy BH S, AT 32 B8 i 1A B 1
P& 1 775 100 PHORE A A1 238 S A K M fiE (Bairagi
et al, 2004); 7S04 AR BHRGAIBIE R e b RE A I 3]
AT B & | 45 RS 0 2 A= T 1 500 e IAS 3 i 4T v s
WA, PR, IKVeh AT E Sk A 3 25 42
WHIF(E 4), ZEEm s R, HomS s
I (Enterobacter aerogenes)(ff % %), =T =S B H
T 5% WA LS00 M D T ) RGE (B Kse 46, 2007),
A O T HE o A WA 7l A A A ol [FLER . 4B
YR . ZRIELERER(PHA) . BUEHEERSE] . KRR A B
AR S5 T R E (135 A%, 2011; Arumugam et al,
2014, 2020; Song et al, 2020), A BT H & 7 EE2f R
BN R T AR JRUE (Lynch et al, 2017; Wong et al,
2017); TEAZEFRAE rh o) 245 B — LR AT IR 1)
i FR(A. baumannii , A. Iwoffii . A. pittii A1 A. Schindleri
85), I HH v i B BUm A 2R BB 8 T 52 2 AP 25 )
(Reddy et al, 2013; Kozinska et al, 2014; Li et al,
2017). 9B A R EB 4 B AR AE K 7= SR 5 R B
&5 LAY JE R (Baker-Austin et al, 2018; #75 %45,
2019), AMFFEH, X A& IS GE A E O TR . A
SN R S S5 AR X S B B S T i, T S B S A X S
TSI 56 3t 3 O 6T fizp 1 v D) B — o R A AR ()
BF, S50t E A 6 g 3 b Y R A A R R S T
151 o X AT RE A PR A 4 A TR 500 o )90 0 fE ) B AS
RETENA I T e AR, HJ2, B TREE o 7= P i 45
Y — o R B R4 R A RS A s JF HLReHE B v
FE AR AR 43 2 A TR 3 SR e A L RGBT A A A
A RN A T B, R BT I8 N E A A R
W AR S 2R IR R, T S R PO S AT
PR AR B —E Y BN A B, (H R 2
K BUEATRGAE , 16 AR R 4, UL R ik N

93 JL TR A7 TE R IE 4 (Reddy et al, 2013; Jiang
et al, 2019a; FEMESE, 2020), FFIEH AL HE 3h
SR TR Y R B e u I Y, IF AR
PR S AL TP ERIRES . FEAS N &5 A= TS ), R0
0017 18 PN RE RN ) FLAT R, (H AR S 6T 7 18 (%) AR X
FREE/N . AR E , T REE AR F R, R
o7 HH R AR T (M FT T D ) RN IR B (LT B8 ) 26 i 3 v
AERE = BE A8 A A A 5T D1, A3 W i 3 v LA AR
HEMEEHEORS AT, Skjermo 5£(2015)K MK
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Responses of Microbiota Structurein the Intestinal Tract and Pond Culture
Environment of Japanese Flounder (Paralichthys olivaceus) to Probiotics

JIANG Yan', LI Cunyu?, XU Yongjiang', LIU Xuezhou'”, YU Chaoyong’,
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3. Marine Biology I nstitute of Shandong Province, Qingdao, Shandong 266104, China;
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Abstract The deterioration of the aquaculture environment and disease outbreaks occur often in
high-density pond cultures of fish. Probiotics are the main and efficient method to regulate the microbiota
of the fish intestinal tract and pond water environments, which will improve aquaculture conditions and
reduce the incidence of diseases. To investigate the effects of probiotics on the composition and diversity
of microbiota in the intestinal tract and pond culture environment of the Japanese flounder (Paralichthys
olivaceus), samples from the Japanese flounder intestinal tract and environmental media (culture water,
feed, and pond sediment) were collected. High-throughput sequencing of the 16S rDNA genes was
performed to analyze the regulation of the microbiota of the intestinal tract and environmental samples by
probiotics. Our results showed that the diversity of microbiota in the pond sediment and intestinal tract of
Japanese flounder increased after the addition of probiotics, and was still in the pond sediment. Inversely,
the diversity of the microbiota in the culture water declined, which was lower than that in the intestinal
tract. Firmicutes, Proteobacteria, and Fusobacteria were dominant in the Japanese flounder intestinal tract,
and the relative abundances of Firmicutes and Proteobacteria increased, whereas Fusobacteria decreased
after the addition of probiotics. At the genus level, the relative abundances of Enterobacter and Bacillus
increased, whereas Acinetobacter and Photobacterium first increased and then decreased in the intestinal
tract. The relative abundance of genus represented by NS3a marine group firstly decreased and then
increased in the Japanese flounder culture water. In the pond sediment, the change in the relative
abundance of Bacillus was obvious, increasing from 3.78% to 33.64%. The relative abundances of Vibrio
in the fish intestinal tract, culture water, and pond sediment decreased after the addition of probiotics.
Some strains of Acinetobacter and Vibrio are important pathogens in aquaculture. The microbiota
structure in the intestinal tract of Japanese flounder was similar to that in the pond sediment. Changes in
the relative abundances of these main microbiota indicated that the addition of probiotics could optimize
the microbiota structure of the Japanese flounder intestinal tract and environment. However, it is
impossible that Lactobacillus, as the main microbiota of the probiotics, was able to colonize and persist in
the fish intestinal tract, water, and pond sediment, which indicated that probiotics did not deliver bacteria
but their probiotic function. Hence, the addition of probiotics could affect the microbiota structure of the
Japanese flounder intestinal tract, water, and pond sediment.

Key words High throughput sequencing; Intestinal tract microbiota; Paralichthys olivaceus; Pond
culture; Probiotics
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