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haemolyticus 1¥k. [ 45 ] BRAY T A BEAIEIR K FRFK AR B RV W AN [R) TR REFRIHKAR, 4F
WAL ORI 2E R, HLAVibrioS5 i I 8O SR sh AR 8 £ o ZG RN E AR AJEIH KSR
FEAGEE TR N I WA W P e 5 S A

KR WAORM, JAMOKSRIERL, SRR, ARiE, ZOoEY

ol R REMEE, EERRAFTEA  mh o EY S TGOl IR SR TR 5
RRMHLE . A20024F8, FEBOVA Mk B, SECKIRRFI ARG FRFE 2R XELL

EEmB: RS A E0H THW H(2014ZZCX06204); 1 ERA AL TFS H(KZCX2-EW-Q212)
*BIE1E& . Tel: +86-10-64806081; E-mail: liuzhp@sun.im.ac.cn
Wris BEA: 2015-05-21; &E BER: 2015-06-24; MKHARBHER: 2015-07-05


http://dx.doi.org/10.13343/j.cnki.wsxb.20150233

254

Tingting Hou et al. | Acta Microbiologica Sinica, 2016, 56(2)

L AR B eMELIOREE . S X B
G M2, JEFR KI5 (Recirculating
Aquaculture System, RAS)FARGEAE H AL p=id 7
T 2 B0 A A0S T R T A ) TR K Ak BRI 34 )
MY, BRREREEM, BEAL BB &
RA . PSR SR A . IR R IR A £
Mo, A KRG 2, OB R i
G IR, I H e R 2 E T4 5
P ER IS F OB (Epinephelus awoara)
SR BRI A, (HE R AR KSR
BB T R A P38 LD UL

Fr 5 P U E A S SR AE S ) LR A
S UEY R BAE RO AR SR AR, AR
RO H B & A 5 AT S FRFE I A G PR
7 BB . TEMOKIRIE RGN RS,
FIAINFIKIEARRN3Y%, AT KKID 75 ASME
FRIFE LR, Hil THEMER RS, —H
BN FEFEMAFTERT ST, A RE S | A& KA
FHYRAE, HESEORAIRE) b, &R
HINETL . Fik, AEWALE TR KSR
SRR B A R R AIE LU R IR ALK AR
FER KR Z R E RIS A 22 5, BRI TR D)
REVE S50 5 R S WA FER L Z R YOG &R o AR
1M, 3840 IR WA 7 R FEIGE o

AW FE LT A0 B IR KA K IR 58 22 58 0%
%, >KkHillumina Miseqi il P A, K |
PR IR A AR 58 5 BB IR A R G IR FFK AR Y
R REVRRAE S 22 5, T IR TS £ BE A kAR
BLor B R FRANTR , I E 5 | A 3 1Y B oL 5t
W IR A BRI KSR IE RGEAYE B
o 5 B FR LA PR /K SR A R 5 00 2R e A
] A SR AR

1 ARFedyx
1.1 HFARAHEFKFERS
A AR FC KB K2 S Kk SR FRA
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Al, PMZAEI T b A B g R K 3758 &
i RIS, BEFRIE R GALER 10FRFH M,
FEFMHEK ZKIEA R G . KA B 5 5
JEEFR BN FRAM . FREM ALK K36 m*/36 m’, I
BB E K25 kg/m’ o FRFEKARpHEE HITET.6-7.7
%4 (Dissolved Oxygen, DO)¥EHi|7E8—10 mg/L,
EHEHN2.5% (W/V), KiRiEHl7E28-29 °C,
20134F10H &, Hh—EEAKFEMAGHIT
FEE MR E, IE IR WSS . RN
SO 0L NI = A = S B R NG
T2, PR mik s 1 5%/d,
111 FREEKAERRAE: T20134E117 11 H 435Ik
HILAN 3™ FE o 7 L b R0 31t 5 2 A T (Q R SR i
M RE S, SRR (8 Hh AR ) SR B IR BE K AR R
(0.5 LYK 14, oMM A KHERGET
4 °CHAELI2 hNB RIS =, JF Rt AN
0.22 umPYREEUBE GRS, H EDIIE . KA A 7K
P72 ) DA T80 °C, H T34
DNARJHEH
1.1.2 BRHARARES: T2013411H11H,
W35 B T 4 BE A BT R IR K, A [ S
2=, TR AN A58
1.2 KEEEFEEHAEBAPCRY B T-EBRI 7

TRAR T FE A A HRIUR A £2(E.Z.N.A Water
DNA Extraction kit, Omega Bio-Tek, USA), H.
PRIRIES IR S

Xf16S rRNAJE K VAR XA TPCRY 4, Jr
B0 MR RS 95 15F (5-GTGCCAGCM
GCCGCGGTAA-3")HI806R (5'-GGACTACHVGG
GTWTCTAAT-3")""', PCRY" B4 T H Wil 5 17
Ilumina Miseq F-£5(250 bp paired-end 77 %) 7, %t
F o — ARSI T 20O ATIN Y o A S b
Barcodeflllllumina adaptors‘5PCR 5G| ¥l & 7= H=
AXHWY T, RIGRAPCR™ Y55 &
RAHE, JEF. WF s mEUREYE A
Al L) TE
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1.3.1 EhEEFFIAEE. Illumina Miseq/™ 4= 4L
P& FHQIIME (version 1.8.0-amd64.vdi)* /3, & T
FENF8 A S BTG S8R A S TR AL
RO i 5 808 (Raw reads)iz FH LA T 28047 &
11 FClean Tags: J BtifHHHTIL%<0.025%
195 S B R <3% . Barcodeff it K M OfH 2 7o
VP— AR umhg bk . #8512 FHUPARSEF AR %t
Clean Tagsti f97%H{UE R A OTU (Operational
Taxonomic Unit), %z FIBMPEIAYY A 1
OTUZAHE(OTU table), SingletonsifijZ%-minisize
27Kk, UPARSEWiEEI FHUCHIMES A" "RENS 1
bR A i A 1Ak . TR DPAIHE A7 4y
R, OTU table HQiimeIA A i, 745 TR M
Gitatid, W RIRFA TSR 16S
rRNASEH FPA1 E 22

1.3.2  GEiatr: b THERIT N 2 R G | AR 22
5, A AR IR — 1B 17052457 51
(Min=17052, Max=72541, Mean=42843,
SD=20810). Ziit4MEah a5 RREAEAS 0 2K
K B AR, I AR E AT AT e .
Chao1™ . Shannon"'FIPD" 5% A5 M M= 9y
BEVE W) P £ i (species richness) ., s — &
(species evenness)Fl R 4i & B Z 1% (phylogenetic
diversity). iz HOne-way ANOV AKG 5 A [7) {8 HEIR
BFPK K a-Z R R B EME . BRI R
% &k B 15 B weighted unifracfl unweighted
unifracif g "R IR B S AUOTU tablek i,
Unifrac [ /) 32 A5 A543 B1 (Principal Coordinates
Analysis, PCoA)H TUtAARRMEFHER STt 2
()T WD RE TR 10 22 5 (B- 2 FE 1) o %O TUZE W A
(core microbiome)s& AZKMAEY 4 (human
microbiome)WF 7Y P — BB, e EZ
A5 JE— 4 2 PR B A DG B 3 A W B B (microbial
assemblages) AT LA R 5 43, AT LAGE
b T — PR SRR TR R T AR

OTUHk HIZFRBE A% D W s S . SR HAA
(heatmap) XA O U I RELE A 43 2K A T T R
fEREsR, IR &SR I B AR L b 3
Hlcentered fllscaled b3

14 FRAAIEAR B A

MY ] B Bom s A, HiE
FPERS3 BB P k00 . IFLHZL . MeH 41k
2 F2216EMTCBSE A4, 30 °CHl&HHF*
2d, PRECGRAVAE 2R MR EE LT
2216EF-He, EFN4lifb, aifb)5 g H2216EH
T (W/V=25%)T-80 °CKITRAT -

OB AL AR SR, PREUCR R TE, R
27FFI1492R 514" % 40 B 16S rRNARE (K 4T
P, PCRZAEH: 94 °C 5 min; 94 °C 1 min,
55°C 1 min, 72 °C 1.5 min, 307f§¥; 72 °C
10 min, FF3R1FHIPCR™ ¥ B HE% 2 rlk 9 I 7
NEl AT . SRR IR T 5 S NCBIT Y
GenBank %4 2 £ TBLAST L X (http://www .ncbi.
nlm.nih.gov/blast/Blast.cgi), R XI5 RAELY
RERAR T ARV = A B, 028 0 T R AR
U

2 BRFoH
2.1 EEERFIIEGE

MM At B AU . H# A A (Chimeric)#
B, EALERI26897055 751, HRAEF 16291
OTU, HH5A~0TU (775575 )E T, 11
OTU Q%&I79)E TEAUAK, 210TU 455/75))E
TR, AN, 505900TU (3484734741 1E
PIZKERBEIAZE, JB T RIFH, 75 T IR srHr
o LR T AR 2R 0 B A T Y 781
2.2 RURAVERRSRRUK RN e BT R
2.2.1  RIRFHBERTEREK AR B VR o- BHEHE
Gl —tbzJE, HAE102312%)F 5 H Tt —
HHIGEH 0T, 2816S rRNASE R FE5197% M
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B, XEFEFMOTUEL B MR YRR Y Fh
ZHE . YR —EMRE KT 2NN o-ZHE
fEPRBEE R, 45 REW, SHMOTURHEI ;
B R R T A B A0 5 B K AR 4 TR BF 7% Chao 148
By 614.62+130.90H1627.52+183.89,
Shannont§ 043 °45.08+0.26#15.09+0.17, PDFE
B 37.46£2.59F142.37+£5.28 . £ One-way
ANOVASHT, FRI R FE KR T bR o- 24
PR RS T 2 1 25 57(P>0.05)

F1. BFEMEBRFEKAMEEE Ba-5 1%
Table 1. a-diversity of bacterial communities of rearing
water bodies of sick and healthy ponds

o-diversity indices

W) B0 77 A1 BRE R SR SR K PR TR B 75 40 B £ R A UK
PRI BRI RV 22 (1] [ — SR A 2 8 (1 1-A) AR v Al

DUFPE (1 -BY IR R 1 25 5

~—

0.10

PCoA - PC1 vs PC2

0.08 -
0.06 -
0.04 -
0.02 -

0.00
-0.02 -
-0.04 -

—Percent variation explained 17.42% =

o —0.06 -

PC

-0.08

Samples’  97% OTU
Chao 1 Shannon PD

Q12-8 545 474.59 5.11 37.16
Q12-9 423 635.38 4.82 35.03
Ql12-12 483 733.90 5.33 40.18
S5-6 421 792.53 5.27 46.31
S6-1 407 660.75 5.06 44.44
S6-4 521 429.28 4.94 36.37

*Q and S represent rearing water samples collected from sick and
healthy tanks, respectively.

2.2.2 HEBESHFIAEXNFERE: K Tunifrachh
B0 AR BR AT AT R 8 8 78 A 2 TR A T 2 B AE AL
P, P Z [ unifraclf &5/, B =& 2 [H
PR W RUE P et R Z . Weighted E 4
Pr o AT AR S IR EI E E T WA R R, M
unweighted 3 A2 FR M A Y FUAATE 5 75

Weighted Fllunweighted 3= AL Fr 73 A1 #1535 B 7K A4 iR
A A EFRES T EPCUIR B (K1), it
SV, PSSR 30l v o B R R SR s R A
HIREAR 2 . Weighted Fllunweighted unifrac 3= 4%
o, BURAS EARR 1Y Rt 25 STERER 410
1£94.21%M146.34%, JLH:weighted unifracFALFR
GIPT, B — EAFRPC AN — FAFRPC243 5 5 &
AR SRR 76.79%M17.42% T ABBRIMATEE
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E
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02r
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PC2-Percent variation explained 20.16%
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PC1-Percent variation explained 26.18%

& 1. & T weighted unifract 5 (A)Flunweighted
unifracE & (B) 89 £ R 5 47

Figure 1. Principal coordinates analysis of weighted
unifrac distance (A) and unweighted unifrac distance
(B). Square symbols represent samples from healthy
tanks and circle symbols represent samples from sick
tanks.

WS G IR TR (RS, BEEAT
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(A) 100% B Bacilli
B Nitriliruptoria
O Actinobacteria
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B 5 -Proteobacteria
B Flavobacteriia
60% O [Saprospirae]
B y _protecbacteria
O oOthers
40% I O Other Bacteroidetes
() Nitrospira
B ¢ -Proteobacteria
20% B Anacrolineae
O Other Proteobacteria
B B verrucomicrobiae

Sick Healthy

Glaciecola
B) — Pseudoalteromonas Genus
| Rubritalea
Alteromonadaceae
Cryomorphaceae
Pseudoalteromonadaceae
Rhodobacteraceae
Verrucomicrobiaceae
Alteromonadales
Flavobacteriales
Vibrionales
Rhodobacterales
Verrucomicrobiales
Flavobacteriia

Il

Family
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A R
f

O NN |

AR

Verrucomicrobiae
a-Proteobacteria
y-Proteobacteria
Bacteroidetes

Class

=
e Verrucomicrobia
ey Proteobacteria
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2. BRFERIREKIAAENKFEHEN EEA)FNEHLKTEME 5 LEB)

Figure 2. Relative abundance at class level (A) and the dominant taxa at each taxonomic level (B) of bacterial

Phylum

communities of rearing water of healthy and sick tanks. In (A), minor phyla totally accounting < 2% were shown
together as ‘Others’; In (B), lined columns are samples from sick tanks; solid columns are samples from healthy tanks.
Error bars represent a single standard deviation.

R AR X 2 JEE (181 2- A) F1 2% 73 K P DL S A (1 2-
B). 2045 REH], IR KIRFEAKIR b 4l R

AR B LB R — , FEAE R0 2R KT 2 Lh
e IR X AL, AR AR T SR AL
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AR /INA EE B, A0 A RO A B SR B K R R
Proteobacteria, VerrucomicrobiafiBacteroidetes —
AT AR AN R R R 85% A L (EI2-A), E2-BH
Wy, TERIOKFE, 2D AR B A R LA
o, ABJ2[R]— 432K P R SEAE A AR B B R A
], X T A FRAEIM KR, fJEF TProteobacteria .

VerrucomicrobiafiBacteroidetes 4 AH Xt 3 & 4351
49.0%. 26.4%K112.3%, fLH4Verrucomicrobiae

a-Proteobacteria, y-ProtebacteriafllFlavobacteriiaft
FAXFE 43501 026.38% . 25.07% . 22.74%7Fl
9.05%, f:#H Verrucomicrobiales, Rhodobacterales .

Vibrionales#l Flavobacteriia %) AHXF 3 B 4351 A
264%. 23.8%. 15.7%F19.0%; fdEF Ak,

34 JProteobacteria. Bacteroidetes FlTVerrucomicrobia
(AR = 50004 52.5% . 20.9%F110.9% , {34
ZXy-Protebacteria. Flavobacteriia, Verrucomicrobiae
Fla-Proteobacterial A XF F= 43514 40.5% .

17.6%. 10.9%#%110.9%, ff.#H Alteromonadales .

Flavobacteriia, Vibrionales, Verrucomicrobiales#l
Rhodobacterales ¥ #HXF & 70 5 019.1% .

17.6%. 16.2%. 10.9%#19.7%. B4k, 7EfgREs:
FEAKR T, I BER# i 8 49 (Nitriliruptoria) B AH X =F
JEAL LR, 9.08% ;T AE A Fr FH/K AR Hh ok
JIFRE(4.32 %) HLAH (F2-A).

223 HEBERBOBAEY : AURHZOM
AW 53 BT AR WY, SR T R gt B R A K A 4 TR R
V&A% D OTURU M 214 F1235 . B3R FETF R0
WA MR SR K R R I, B R g R R
B, RO YRR R 2 G 3R B2 W Ry 3
——— (e 43 S (43 SRR L 4332 (43 3210), 1
3 2 A PR R s A O R e I AN Tm] AR
FEI M (32 1A% 0 JE E 2 Glaciecola .

HTCC. Sediminicola. Prevotella. Roseivirga .

Psychrobacter. Rhodoferax. Fluviicola .

Marinomonas . Olleya. Thalassomonas#l

Sporosarcina=F KAV WHIARE AR, AR
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PR B SR F O T 5 TR R AE (0 S D RIAZ O R
F A 45Vibrio. Rubritalea. Oleibacter
Nitrospira . Bacillus. Owenweeksia. Reinekea .
nsmpVII8. Persicirhabdus. Loktanella .
Hyphomonas . Sphingobacterium . Lishizenia .
Bacteriovorax. Congregibacter. Lewinella .
Mogibacterium M Pseudomonas®s, Finl2Vibrio .
Owenweeksiafl Pseudomonas? J& T IS )9 I B
AR EUR A
23 SRR E B 5T

AL AL B A TR 22 16S rRN AL PH] 8 7 2%
RINT 2, 4iRERY, L Ea 20 bRkalEtk,
Horp 208 N IREE (Vibrio), FL6AF, Affx AF
IKAE B BOR AR BRI V. harveyi; 1EEV ML
AN (Acinetobacter haemolyticus), 43 B R
. RHIMARMITCBSH; IR 32473 B 15 2 54Tl
HrA FAMASF B B 20R (AR IRER , VAR IR BT
), MHTCBSSr B3 2IOR(SFIINIE) . PIRhE: IR
SEXGRENE MBI . PR . MEUIE = Fiofpg kb RS 0 75
PREILF RIbR, TCBSHEFRFEFRIL XTI AY i 4
PE, TTMAD ] LL73 215 20 BRI LA SR ) 5BE 1Bl
JEH . I EAT 2R D, m iR E
v IEE S A4 B R TR 8 P A 22 Rl 2
VA IS ST I BE S RE B T A 1 O 7 R A R
M MRS BOMPERRYS o BT 4 2 1Bk
A HE A SRR SR M T A1 AU A LA

3otk

FEIH KA T A P xR A R B G E
LD B REVE A A 4 A 2R IR DL i 22 AL
AT FE R o 8 B P R RS U P (1705255 17
FURE), VAL TR O B K R K IR R SR
A B I VAR TR R 7 BE I S F 40 B R 7 AL
HLE T M AR RS A R 22 5 o JEU
T RRE TR SR KA 40 T AR 1) - AP D0 i 22
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Figure 3. Heatmap of core microbiome at geuns level.

R2. WAL BHEELSLE
Table 2. A summary of suspected pathogens isolated
from sick fishes

MA TCBS

Phylogenetic types (No.) (No.) Sources
Vibrio sinaloensis 4 1 glﬁgé II;iver,
Vibrio harveyi 2 ggigé II;iver,
Vibrio owensii 0 2 Skin

Vibrio alfacsensis 0 2 Skin

Vibrio algoinfesta 1 2 Skin, Spleen
Vibrio fortis 1 0 Liver
Acinetobacter 1 0 Liver

haemolyticus

(R, HEZHREESTA BAFE (&1,

2. 3), {EFEAIER IR /KK Proteobacteriafi)
FREER SRR 1, RS KA PO
[ J&y-Proteobacteria, 1M 1E R FRFE KA 7 5
P #i a-Proteobacteria, i SCHAIRIE , v-
Proteobacteriaj&fif F1 7K fi FE 37 5 h (1) £ fE 3
ProteobacteriaZS ™!, AR5 (1) f B 35 7 b 1Y)
iR G H -, H, AR EY, v-
ProteobacteriaZS fif L2 fidt B 7 A Bt £ LA S H At 1
HR Rk B SRS L, -
ProteobacteriaS fif 1) 42 & A] LUTR 4 1 fz e SR 5 7K
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(NPT RoIE7/Ii0N 95 2 IRV AR N AL % Y 2
YT AR i R AR e is TR E

Verrucomicrobial JAI 12 5348 TIHFFEIARR
W KRN RETS S2%" . SR T FEASHIE
FErR, RBP4 B K A I A BT A
Xt BE AR BIIAE] T 26.4%F110.9% (Fl2), ik
T HAREK IS, Hoige 32 51 N Rubritaleald .
Verrucomicrobial ] 41 B 4 K Z5E T ARG SR
ey, HORg S AN, 364 A 1k TR s
6tk Rubritalea® W 240 A SHR 73 B TR 3)
PR, R R A R AR T RE S Bh A 2 IR A A
TEXRZR, S EROIROLEVIMC, HAh, A
5% s LU A A Verrucomicrobial JHYZE R, —
[f] ] BE T EPR K S5 R G IR In 384 S5 —T7
1 T Z B BF 5T T B9 PCR S 4 9 0 -1 M T A1
fi# 85 Verrucomicrobiaf) R, iAHESE
FIE SR LA 51 90 5 15 £/806 114 6 K5 M - 1 ok 39 de
(iR

Bacteroidetes & 1 £ I3 82 A IS HE
A P (Dissolved Organic Matter, DOM)
B E D IEAR RIS T R K
R & A 25 5 (112) . (RS
BRIt K AR B FlavobacteriaZW,, DL A IZ 40 Al B4
Cryomorphaceae 1 AHXT = B2 #2442 fE 77 FH b
KA 245 (K12-B) . FlavobacteriaZfll B J& 16 7K
AT RA NI T B %™, Cryomorphaceae
HAIR 22 1 % 7R TR PR 05 ) B AT R S 2R h e 3 A
Al el A Y R A RO R A A R X e T
Y722 A RT BERE A% S 107 AR 28T 7K BT (A [ 1
T A T AN ], e = BE A HILA) i T
{75 FR A K AR T A AL B fife e g bR, T
Il O EREE ) 2 MR 2%

Ay, Rl R oY EH% 0 0TU,
DA K bR A% U AR 0 4H B % O A D TR B (core
microbiome) &t — A Wy HE V& B RRAE TR 2
B, AT RIS D BER & S E Y . AW g
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F1R) K 7 L VL R R 7R GV (9 A O A R (s K
YR AN IR (FE13) a1 R 5 B A A e (T
353 SCINAZ L A R A 75— S5 2 R0 I R B 2R
EURE, WVibrio. Owenweeksia. Pseudomonas
J A T I 4 g AN 2 fdt B 5 B W /K AR (1813 43 52
DR CA Y. HeAh, DB 75 A7 B 005 k78
(L3 B R TR 28 R 0 i TR (R2) . I B
ZREEINT, WS, R SRR
AU ORT | R TR S Y AL B AR TR TE DY
2R, IR R RER . B AT L
07 25 Wt 58 418 PR K 57 BRI 69 g R H SRR
T3,

3 T o) RR s I R SR AR A AR T A i s ) L
B, BRI T FRIH SN A AN [R] i RS A A [R] Y
WY REE L5 . A RN IEMK IR RGN
Biih REMTUEREE T AFNSE . O HEY
RERY B 222 A E T LA ISR 3 10 S 2
%, AL, y-ProteobacteriafE o A Bt + L

Yy E Ay, SO A] DUE A I B B ik
B —ERZH I
B

SR HEE R A R 7 S ST 50 X
SCHG R R AR, RN R R B A T 5 e
(AR A= AN R SR E W) (5 BB FRZS RSO
SeEAERAE AT BT SR A A AT B o

2 % B
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Bacterial community characterization of rearing water of
marine recirculating aquaculture systems for yellow grouper
(Epinephelus awoara)
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' State Key Laboratory of Microbial Resources, Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China
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Abstract: [Objective] This study was aimed to reveal the bacterial community characteristics of rearing water of
marine recirculating aquaculture system for yellow grouper (Epinephelus awoara), and compare the differences
between bacterial community structure of healthy rearing water and sick rearing water in order to elucidate the
relationship between bacterial community and fish disease. [Methods] The next generation sequencing method was
used, and the bacterial community structure and o-diversity indices (species richness, species evenness and
phylogenetic diversity) between the rearing water of healthy and diseased groups were studied and compared. In
addition, the traditional cultivation method was used to isolate suspected pathogens from the niduses of diseased
yellow groupers. [Results] There was no significant difference between the a-diversities of healthy and diseased
rearing water bodies, however, the results of principal coordinates analysis (PCoA) and the sample clustering of
heatmap showed that the bacterial communities of healthy and diseased rearing water bodies were quite different.
Although phyla Proteobacteria, Verrucomicrobia and Bacteroidetes were all the predominant ones in both
communities, their relative abundance varied greatly. In diseased community, the relative abundances of a-
Proteobacteria (25.07%) and y-Protebacteria (22.74%) were similar, whereas the proportion of y-Protebacteria
(40.49%) was much higher than a-Proteobacteria (10.87%) in the healthy community. The differences of
Verrucomicrobia and Bacteroidetes between the healthy and the diseased rearing water were also significant with
relative abundances of 10.9% and 26.4%, and 20.9% and 12.3%, respectively. The significantly different families
were Rhodobacteraceae and Rhodospirillaceae within class a-Proteobacteria; Alteromonadaceae and HTCC2188
within class y-Protebacteria; Verrucomicrobiaceae within Verrucomicrobia; Cryomorphaceae within Bacteroidetes.
The healthy and the diseased communities owned specific core microbes themselves. Glaciecola, HTCC,
Sediminicola and Prevotella were the core genera in healthy rearing water, and Vibrio, Rubritalea and Oleibacter in
diseased rearing water. Twenty strains of Vibrio spp. and one of Acinetobacter haemolyticus were isolated from skin,
liver and spleen of diseased yellow grouper. [Conclusion] The shift of bacterial community structure and relative
abundance of rearing water will help monitor the healthy status of recirculating aquaculture system. Our study
provides theory and experimental basis to diagnosis and monitor of Vibrio disease for yellow grouper recirculating
aquaculture system.

Keywords: Yellow grouper (Epinephelus awoara), recirculating aquaculture system (RAS), rearing water, bacterial
community, core microbes
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