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WE: AT AR KT AT IR TIN5 UL BT AT 1 kA A R A AR A, e A R R R K
HER FOACER IR FE R R IR TR KR DL R K A T A &, R R A2 16S TRNA A [ 3 IR U
97 T B B BB AR A R HEAT T A . BRE 4 A& Pk 621 K77,
BIUELXBT(OTU) BHE 22N RAFRAARFEMENBHEEME AT E N L HME, KNEfk
A AT K I, B B AP RS AR A (53.97% ) o R AT W (13.76% ) F7 y-
AT H (10.58% ) 5 7n 78 oty A 28 B A B AR A 0 T 28 T (33.55% ) \y- R AT (14.84% ) |5 A&
W (14.19% ) WATH (12.26% ) #1 a-E HATH (9.68% ) A M KR A E L H HHEAH 2B T
B 20 H (79, 12% ) 5 X 5T 18 20 B AR 3 A B O BB 2B (75.79% ) MRAT T (13.68% ) A y-&
HH(10.53% ), ZHAEXKF L FEAMKRR FAGKERLTHEFFAFE SRS S
o, 2 ) i 5 1 BUH9 69.78% (13.55% A 72.63% 53t A B K AR I F ot K P P 4T 2 Y L ) B
B, 2 L R B 10.05% A1 9.68% o A B AT T I BN HE DK T AT B 1 1 A B R R 4
W, BT HENNKFER T HEANESARE. SEAL ARBRARHMENBHELEMR AT, 2
ERBERAERT AT FEF RN E AT H LD ENINE . AFRHH T T HRETHA

T mEREMARNY I, FAKESTRENTG RESF
KW : KEXIT; 2 W A %; 16S IRNA JEFHSUE; AR RS

RESES: Q938.1; S917.1

K EBXTER (Penaeus penicillatus) |17 #5345 T
AT 0 R DI, 7 P [ 2 A TR AT AR
BUTHE TR I £5 8 E R FRIR 4, WA R
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LU [ R i 0 A 00 20 B0 5 4 1 22 S, 0 T S B
PR $55 16 6T U i 3 1 2E 0 25 0 eh TR I 4 L 48
Tl A= 1 DK T 30 Xk S i T DAY ) 3R LA, Sl T
X BR 5 i R B Y B 25

1 MRSk

1.1 RS

FE R T8 A48 v T S T B XN IR 57 5l
X, F25H 3 T A 3.33 hm’ P34 K B 1 m, P VDI IR,
Ye: VLM 81: 19, RAE 8 5 FRFH M 2013 4£ 6 J] 12
45 A b i DX A B R R (1.8 £2.1) em
20 77 B, W )R £ 32 W & ¥ ( Mercenaria
mercenaria) , 7 R K S bRk B 1F O 4% i
N TR AR, 2013 459 J 17 H, & M 4 3%
FRAE M ) B X ER 36 %, PR K 11,7 em, o
PR BT E19.2 g [AI R A AR 3 20k U 4 R 4R IS
PeRENH (HA) , CH R0 ~4 cm JeKE, FRHH X F
K E KR (CHLT) FLFR5 K R (H12) F A L3 3%
FK AR AR SR TR U B 25 R OB B, 15 ] LA
0.2 pom 4 SR Bk IR TG Ao 0, 4 U8 R 49 9 X
PR FF o fE 0 W S5 1 R & IO B N IF i B
(H25) , 5 FH K 1 5 BB HE i a8 P 1) 285 45
Y, WX IR g B T K BB O . A AR R
fF - 80 TG VKA LA DNA $2HL,
1.2 DNA i£E

Tow A T B U I, BT R i B T 1.5 mL
BT, A 500 pL TE 22 af i (10 mmol/L
Tris-HC1,1 mmol/L Na,EDTA,pH 8.0) fl 25 pL
VS ,37 T/KIA 1 he FEAIA 50 wL 0.5 mol/L
EDTA,10 uL {1 25 pL 20% SDS,56 Tk
B2 h, B0 BERER R B8,
JE I 500 pL TE 28 MO, ik ek % , & JF 1
W A BARTR 1/3 ) NH,Ac(7.5 mol/L),
I B0k, B0 2 WA YRR (0.1
mmol/L pH 7.5 Y Tris-Cl 5 /K 2% 1: 4 iR
B LB T E.OF, A 40 L B 4K, =
TR HE2 min, 12 000 r/min 2.0 2 min YR EJER ,
-20 CLRAFF T FRICT g (W ) IS U Al i 3 1)
YRS, 2 M IERZ R IR B0 & (OMEGA 24
A ) UG 2P BRAE S DNA
1.3 16S rRNA X [E ¥ 1%

PCR 4" 14 T #4434 | #£ 47 (PTC-200, Bio-
Rad A H]) . 567% Fi il 519 27F Fl 1492R "

AP 16S IRNA 24, DLtk PCR 7= 9 S #- A R
JH5147 341F R 907R kA7 — Y 44" . PCR X
W& % .10 x PCR buffer 5 pL ( & 20 mmol/L
MgCL,) , 5|4 F341 Fl R907 4 20 pmol,dNTPs 5
mmol/L 4 pL, B A 25 1 pL, Tag B 1.25 U
(TaKaRa 2y 7] ) ,3 000 ng {) BSA (I3 H &
F1), a4k % 50 pL, PCR i 2494 Tl
5P 5 min; 34 MPEFH A 94 C 1 min, 55 C 1
min,72 C 1 min, fzJ5 72 C A 10 min,
1.4 405 16S rRNA EEXERHE

PCR W) 4ifL )5 , 4 pMDI8-T {4 % #%
%Al E. coli DHS o JE&AZ 540, 1 HI BE 6. R
FH T g iAsam F 5 9 A5 97 39, SR8 W B M v Dk A
D4 A B RN 8 8 A A B R/ BH
SO REFEATIN P, B A B 1Y )3 41 % 5 3 NCBI i
PE 455 5 5 KF972544-KF973164

B 3R 104 7 41 38 5 BLAST 72§ 7 GenBank
¥4 )% (http : / www. ncbi. nlm. nih. gov/blast)
HEATHR LN 1 18 2, iz ] Clustalx 1.8 B, 4% f]
I KRR PR 5 U] AT 2 Y 5 R fiE
MEGA 5.0 %4, i i3 p-distance 2 ¥, LI &B 7 iE
%1% (Neighbor-Joining ) #4 # 2 ZE #E LM
1.5 H4ESH

F Mothur B 4 X5 B 45 17 51 i 47 0 A, LA
95 % FR ALK Jhy B HE R 3 458 4 43 2% B35 (operational
taxonomic unit, OTU) , [&] B} X 4 i i) F & )& 5 %%
(Chao 1) . FF 4¢ 45 %t ( Shannon index ) . 2% 3 7 35
%y ( Simpson index ) L) J 75 75 3 (coverage ) #4171
BT OhT VA S L RE S A0 VR S5 R R
K SPSS 18. 0 H 44 %) A [F) A 5t OTU ¥ i 17
Z 7 R 43§t ( multidimensional scaling, MDS ) ,
B 2 A 23 B JRAT AL T b s (R4 ) B IR S
WY A ot ) £ R AL M B 22 R CORARBLPE ) o
AR R ) Jaccard $54(: Cs = ¢/(a +b - ¢),
Krha  AREIEYIFIE, D o B BEVEWIRN A, c
A B 2 BEKILA R PIAEL

2 5

2.1 #HE 16S rDNA XEFI S

43 Pk 3k BH 1 v B 1, WA R BEREAT IR
HEAK T ZKAA S50 3 RS U8 L 5 B Tt 7K 44 R0 %o 0 gy 3
Hr BN AS 189 (182 155 1 95 & %U¥ 4. il
i Mothur ¢4 43 #1, LA 95% #HABLPE 7K -y b Ui
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X5y OTU, @b 15 5 212 447 &% OTU, £ 1 i
7 R TR 7 B S 37 L Tt K 1A L SR
J% 38 53 0 I A5 68 .69 54 il 21 4~ OTU, 4 5 %)
A T3.5% 66.4% \75.5% 1 89. 4% , & HH Hk Bl
{14 5 7 B 1 R0 £ AR RE A5 S WA it ST P I 4
BRI RO OC R SR BH M IR U8 40 ST %
Chao F5%0 435, THEK HK A (162.3) (Fr4i
MWK (154, 4) FXFIF 7 38 (27.42) 5 85 35
ARG RO AR AR B T 40 B 2 AR, SR A
KR 41 T 7 A AR (3. 20) demr, I AR R R
(0.069) ffi% , 3 W] 37 58 Mt /K AR 40 17 22 e B o o

*1 ET16S rDNA FHMABRESSH LR
Tab.1 The ecological indexes of bacterial communities of
four samples based on 16S rDNA sequences

. BAEn TR R W
BRSO o EEE T
KT Ez5:14 EzB: L%
sample . coverage
OTU Shannon  Simpson Chao
H11 68 2.94 0.173 73.5 162.3
H4 69 2.58 0.285 66.4 435.0
HI12 54 3.20 0.069 75.5 154.4
H25 21 2.08 0.210 89.4 27.4

2.2 MWMMFERZHAREESHEESH

XF 4 RSP AT T RGEKE b A
WAL B A, LEBCAN [FIAE e 91 % 107 A A A=
PR RECERE S TP R F R . I 1 AR 2 Al g, JE RE
i ] (Firmicutes) 75 4 /ME A P o5 48 X0 D0 31 3L
A= IR 6 % 5 b G Ui FOGT R i 8 1 3 R A
IR Ay BIAT 144 72 AT (5 79.12%
1 75.79% s TEFrFH MK A SE b SCPE A 22 A>3l
T, 07 14.19% o e /K TR 33 58 3t IS 8 L 97 7
7K A A% AR i T S RE S A5 A 25. 93%
8.79% 27.10% #F11 10.53% Wi T & T 22 I FF
i (Proteobacteria) , [ J/E B 5 |7 ( Firmicutes ) 1758
JEFF1E ] ( Proteobacteria ) A, i# 7K F1 7K 14 | 5% 4 1th
JRG I8 R 5 B 7K AR B R SC R vk S A AT R T
(Bacteriodietes ) 4 i, it 4 Lk ] 53 5l o 8. 47% |
2.75% 1 12.26% o HE7K FHKPRFIIRAE 1t K 7R 5 [
SR8 AT 0 B Wi 40 14 ( Cyanobacteria ) , BT i Lt
B 5351y 53.97% F133.55% . TE4H A H 43 28K F-
b HEOK UK A FRBE MUY SR GE I K AR A
T8 5 R SCIE Hh 2F A T (Bacillales ) Jir fd He 451 4331
h2.65% 69.78% 13.55% F172.63% ., #E/K K
TR SR B Wb K MR BE RBE SCPE R B BRI OH
(Flavobacteriales ) ZH & , ff o5 Hb #1430 59 Sl 6. 35% Fil

10.32% , Xt WF iz 18 o #% #F & ( Fusobacteriales ) fif
o7 LBk 13.68% o 32F 7K 17K A4 57 51 3l IS Ui 5
B WK MR TEOBE O OE R EH R LMW
(Rhodobacterales ) , Jir 5 b 1 43 5 o4 10. 05% .
2.20% F19.68% , Rtz 4h,H11 H4 Fl HI12 #1453
A 65.08% 23.63% F161.94% ) OTU 7£ H /K F
I ANRERA A B R

OO0 (e,
S0 OO
WO (&
BN SO
M o (\Q}'\ W
W®
&

B1 EIaEXEERPAER
BRENMRERNFER
Fig.1 The relative abundance of bacterial community

structure at the phylum level

B2 ZEBSEKRFEERPAEM
HMEMEEEMFE

Fig.2 The relative abundance of bacterial community

structure at the order level
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2.3 AAEMAREFHFELEMLILER

i Fl MDS J7 1 L 88 AS [ B i 1) 248 17 1 9 45
F4 1 A AL , MDS 8] Hb i o5 AR 38 [R] 1 B b, R
it 22 1] BE 25 1 30 3 U8 W AR 8 25 0 A AR BB E . AR
S5 MDS JE 1 {5 7 0. 086, i35 B MDS 45 J 1] 1)
BT M AR AN [ B [ 11 22 5 54 A B+ L )
R A az , U T K T KR SR A T S U L 9 A
VLN DO 7B R AR P R N
3) o 4 ANHE i AH TR BE VR (8] 1Y) Jaccard H U1 R %K
930 ~0.067, A5 OTU % H i />, th 3 B k7K
FIZK A 7 8 LI U | 57 5 it 7K A4 0T I iz 38 1) 24
TR V& AR LA

06 ¢ JHI1
04}
02+ H4
o
N
§E Of yos
Rz
202
2
-0.4 t
0.6 + (1)'112
-0.8 L L . . . :
-0.50 -025 0 025 0.50 0.75
4401
dimension 1

B3 HRARFEFMNESTRESH
Fig.3 Two-dimensional plots of MDS analysis based on
16S rRNA gene to compare broad-scale differences

among bacterial communities

3 dhe

5% 22 B, 0 i 3 A A 0 21 R — 1T A7 B A
T FEUA, 55— D7 T, 9% 5 V0 85 A0 FL AR TE A R ) ¥
M b AR il e R R IR T
T AR B L R AR BF 5k R A B B
FIURE I i 38 FF i o B SCPE 19 BL 38 & B, X IR g 3
K BKR R 2 AR OTU, 5 % 55 i
TeREdh HA LA B OTU, 1 5 57 4 3l /K AR
FEAEILIR (Y OTU , 3k £ 5 W T X R iy 8 1 AE 0 5
FLERKT [F) 20 PR RE T 245 4 R R0 B3 AT, A 2 0 o 4
FIAETE A BRI 25 55 A 52 36 oy 55 58 30 52 % i JE
Tk A= 0 4 Y BT Bk R K, X 5 Chaiyapechara
2 2 RR S M T A 0 ) 2L RO A5 A 5 SR AR
48 b 7K A R X R i T8 Bk A= 0 R T A AR B4 A AR
P, AT RE AT IR K SR R 2 B B E

S

AW AR R J5 BE 4 & (Firmicutes ) J2 57
FE RS U 57 5 3t K A R0 X R i 3 de T A
e , LU IE H 1 (Proteobacteria ) 1 it A 4K Y
Pl EE, HC At i T A W0 1 BIF 5 o L i B BL Y 4
SRR AWK IR R G v AT ( Gamma-
proteobacteria) & zlj ¥ Jig 1& th (1% f # 5L E ) Fh
BEC AT A v T T K KR 3R
B bR Y A 7 B b K AR LA KOk I i T A P IR
oA s A B g 10. 58% (3. 30% | 14. 84% Fil
10.53% ;-5 FT B ( Alpha-proteobacteria ) 7F i#t 7K
1K A 5 B G U8 AR T 73 Bt 7K A v 43 ) o e
By 13.76% .3.30% F1 9. 68% , 1, & P #4134
Yy Rl e AR A SR B0 IE U8 HH AU 3. 3% Bk I 3],
FEXT AR fizp 18 P9 B A A BB o TR AF RA 5
A A7 TR U6 AR IR iz 38 P, L R 75 R . AE
$7i ) S R S < B N = S S A
(Cyanobacteria) 5 i OTU ¥ H 5 22 19 268, 73 31
5 OTU B %A 53.97% F1 33.55% , A fig /&3 &
FFRG PR AR BR  OG IR S R &,
AR T W 20 R A A (A W AT R AR R 1
[ TR A W AR AR AR R A AL S i B e, — e Ay
B Y W BE AT RE 5| K MR 2R P IF S B T, AR SE 5
) A 20 A X 77 B R B R MR A At A 1 s e AT
B FEARTT

ASHF 5T T 41 4 7 ( Rhodobacterales ) 7 # 7K [
IR A X B 35 Bt KA R 2 o A A R 2R ) b
#Eo WFFERM], BLBLAF 18 (Roseobacter) REAE R 22
' ( Scophthatmus maximus ) 1+ £0 ) 1 35 35 5% rp 2
SE—NA g I AR PR TR L AT LA R B0 B 2R
T2 AR 32 67 4 f0 i SE TR 7 . Ruiz-Ponte
SR B VS I ECBLAT (R, gallaeciensis) [y 4
i B2 RO BE 1 5 5 DL 4l B AEE A AR WESE X
HRFRIE AR G0 N 2040 o H A B 1 L A R T AR
FAIX K B o HF A £l R AR K A BIF ST P UK R
( Vibrionales) fEFR 38 /K A& R A7 1E 1 4> OTU, 7E X
HRIE N BRI S 5 A OTU ; Mt % & & 40 #r 4
Bk B, X ¥ OTU [ £ A fi & 6 W
( Photobacterium sp. ) F1yk & ( Vibrio sp. ) i f& §E
BAH R, T LA AT B B AR, 58 ON B R DG AT
( Photobacterium damselae ) Wy 4E KN H (V.
harveyi) B T bR W 28 2 A EL AT 3k SR O 0
AT IR T A 37 B KA FO6E BE B N B R
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XA BIE G IR GE R S8 Aa RS 2 3 SR K
S

At AL DL ) 20 T LR S Y0 i aE N R 3
5, Al DL B e PR AR (Alpheus bellulus ) 1) % ¥
10 ZL R ( Lactobacillus il Lactococcus) | Zf
T F ( Bacillus) F1{% BA i & ( Pseudomonas ) £E 7K
72 B TR AT R B I B TR R R
ARWEFE R 4 A ER A A H2E A R, IR A SR
BT R U 57 5 b K A 0 X 0 fgg 3 e R o e k)
PE By BB A W A RE, e Bl o B A OTU |
69.78% .13.55% Fil 72. 63% , bt ik 7K 11K 44 1y
2.75% g R % . FLEHF I H (Lactobacillales ) 7E
FE a3 AR 2D, TR 5% 9 1t IS 08 N 5 B Tt K A
o MR 3.30% F10.65% o DL 45 SR, A
WH5E h IR R G N AR KRB WA #5 BUAEY , 1%
SO B PR CE A T JRUGCAE ) D R A 5 B A Y
A 25V 2y TR A AR T

T3Ah ALK FUKAR A I E] 6. 35% 1 BT
i H ( Flavobacteriales ) 4fl & 2 #f , 75 57 5 b /K {4
A EIR R 10.32% o fEK SR, — 8
HERF P I TR E ) SR PR BOR B AR R A K
A Ph Y R A A, AT RS 0k R 2 G P 1 XU o
AT IR GE NN B SR A B DR A R A K BT ER
B8, R A U it By b HG R ) BB TG 3 A A e
T RE

4 g

AWEFEE S A 16S TRNA He K S 1) J5 12
PUER T B R IR B AR G0 A 0 AR A A A
SERESCIE ORI OTU R R LN Sl A W e v
HAW M2 FRIEIR BT AT AE R 1A 4
B [7) A 9 A 9 25 PE BOW B AR BFTE X TR
JRE A 5 1) o8 IR 37 B B I3 A R A AL 57 2 5 N st A
Vil S B B B X

SE MK
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Microbial community in the shrimp ( Penaeus penicillatus ) intestine
and its culture environment

WANG Chunzhong', LIN Guorong’, YAN Tao’, ZHENG Zhipeng"*,
OU Qingfeng*, CHEN Bin*, SUN Fulin**
(1. Putian Institute of Aquaculture Science of Fujian Province ,Putian 351100, China
2. Department of Environment and Life Sciences, Putian University , Putian 351100, China

3. South China Sea Institute of Oceanology ,Chinese Academy of Sciences,Guangzhou 510301, China;
4. Putian Tian Ran Xing Agriculture Development Co. Lid. ,Putian 351100, China)

Abstract; To investigate bacterial communities and diversity in the shrimp ( Penaeus penicillatus ) intestinal
and culture-associated environment, 16S rRNA clone library analysis was performed. The results
demonstrated that there were obvious differences in the bacterial compositions of the outside seawater, culture
system and the shrimp intestine. The comparison analysis revealed that the bacterial community had high
diversity among the samples. The results also showed that the intestinal microbial community of shrimp had
lower diversity than those from the culture-associated environments. Cyanobacteria ( 53. 97% ), Alpha-
proteobacteria( 13. 76 % ) and Gamma-proteobacteria ( 10. 58% ) constituted the dominant components of the
outside seawater samples. Cyanobacteria ( 33. 55% ), Gamma-proteobacteria ( 14. 84% ), Firmicutes
(14.19% ) ,Bacteriodietes(12.26% ) and Alpha-proteobacteria (9. 68% ) were the dominant bacteria groups
in culture water. Culture sediments were mainly dominated by Firmicutes(79.12% ). Firmicutes(75.79% ) ,
Fusobacteria(13. 68% ) and Gamma-proteobacteria ( 10. 53% ) were dominant in the shrimp intestine. The
order of Bacillales occupied a higher proportion of bacterial community in culture sediments (69. 78% ),
culture water(13.55% ) and the shrimp intestinal tract(72.63% ) ,which may play an important role in the
maintenance of healthy culture system. An important bacteria group, Rhodobacterales was also dominant in
outside water(10.05% )and culture water samples(9.68% ). In addition,outside seawater and culture water
harbored higher diversity of bacterial community than the shrimp intestine and culture sediments, and had
more potential pathogens,such as Flavobacteria ( 10. 32% ) and Fusobacteriales ( 13. 68% ). This study will
increase our understanding about the effects of culture environment on bacterial community composition in
the shrimp intestine and provide valuable data for the development of prevention mechanisms for shrimp
cultivation.
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