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i OE A&t 7% 5 B PCR-RFLP ( Polymerase Chain Reaction-Restriction Fragment Length Polymor-
phism ) ##= PCR-DGGE ( Polymerase Chain Reaction-Denaturing Gradient Gel Electrophoresis) # K, % )~
I UGS IF i A AR AT S o4, RFLP ZR B2 7,8 AR P RRE G LET H S A,
HE P RT3z 448 H (Unculturable bacteria) A £ 24 %1, kA & & KA B & A Ruegeria spp. #=
Rhodobacterales spp. . RIEM LM % FILe9 B 2 R AR AW, T H# 16S 1DNA LR E A
FH9T.5%, 10 AP LT A 8 A, L P ARTIIA @A | F84F ¥ /& Bacillus spp. 7iNH &
Vibrio spp. A £ 2K H & , F K A Photobacterium spp. F= Neptunomonas spp. ; Ff #1 3 16S tDNA % %
A E %A 90.8% . KR DGGE 547 8 A A= 10 A 3 iy i 4 B | B BEAR 7T 3 55 4 1 Ao IR G
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ABSTRACT The composition of bacterial community in the intestine of white shrimp Litopenaeus

vannamet under industrial culture conditions was investigated by 16S rDNA-based molecular methods

of denaturing gradient gel electrophoresis ( DGGE) analysis and restriction fragment length polymor-

phism (RFLP) analysis. Sequencing results of cloned 16S rDNA amplicons revealed that unculturable
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bacteria were the dominant species, Ruegeria spp. , and Rhodobacterales spp. were subdominant spe-
cies in samples collected in August 2011. The coverage rate by the 16S rDNA clone library was
97.5% . Eight different RFLP patterns of the clones were obtained by restriction RFLP analysis from
samples collected in October 2011. Sequencing results of cloned 16S rDNA amplicons revealed that
unculturable bacteria, Bacillus spp. and Vibrio spp. were the dominant species; Photobacterium spp.
and Neptunomonas spp. were subdominant species. The coverage rate by the 16S rDNA clone library
was 90. 8% . DGGE analysis was also carried out for the samples. Sequencing results of cloned 16S
rDNA amplicons revealed that unculturable bacteria and Vibrio spp. were the dominant species. Com-
prehensive analysis of PCR-RFLP and PCR-DGGE experimental results would be helpful to understand
the microbial components in the intestine of the white shrimp, and to comprehensively and objectively

reveal the structure and diversity of white shrimp microbial community.
KEY WORDS Litopenaeus vannamet ; Intestinal; Microbial ; Industrial aquaculture ; PCR-RFLP;
PCR-DGGE

Xof BRI A TR il B A 2 — 2011 AEERSE AL B IR F 241 T7 v, Horh FLANTEXSBF Litopenae-
us vannamei [WFEFH 7 EIAF 132 J7 t, EFZEFRAE 7 51 54. 8% (2012 AErh E L e 4R ) o XTEFFREE N 41
PR TP A RO A SR, BT OO XS MR B ) B/ 0 4 B B R 1Y, 2 5 3R 5H R S8 N i ) B 34
FRET I 3N , T EL7EZE R AF 28574 B A A0 B 5 o i J TG 40 S 5 A A (0 ( £52 05 % 2012; Chaiyapechara
et al. 2012 5EMEFESE  2013) , SG& A AL BE R IR B T LAV K B Ak 70 U0 AL SR A K B A F ( £
FEE 2006) , X HRIE AL TE Y i A= B LA [ AR 20V T T PLAN T B, ) S 2 4 2 X MR AT LA S i Kk - At
BEAMER R R RE ST (2255 2010) o T il s il T I R S AR R IS RN FH i A= T8 1 e e 2 A7 o

R 114 P U i i B B 27544 ( Restriction Fragment Length Polymorphism, RFLP) 454 16S rDNA 3 JFE #4) 7d
FARE 2R T e 2Rt se vh . 78 RFLP 3R YR UI 35 20 K38 v, 4 — 28 FAC R —Ff
KAy, HHSHTRY 168 rDNA JUP 22K 741, R w6 (5 B & 1z, A ] Stk . B2, H
Hrafifl DNA & i PCR FIEGED] 527 Ho A BT (PR 1255 2008) .

B\ 1993 AEZ P A6 i ek 15 HE, Yk 5 ( Denaturing Gradient Gel Electrophoresis, DGGE ) # 5| A4 ) 4= 00 5%
DI, W AR 2 H8 FH T 53 B LU E A 2 e v S H 3h 87281k . DGGE Rl #8  , RRHE AR [R] Fr B i
AN [F] DNA J81) 438, {0 H R BE S izl vh— s FREER A Y . AWFEdRiE , 23— 44 ¥ DNA & &/ T
FOFTFERFA S DNA (9 1% I i 261 ANREROIRA T o NI, DGGE B S Hh S 2 E Wit v h Ba R T 1% I
P BE(Muyzer et al. 19935 Liet al.  2007)

TEIA AR FREORT ,99% A FIAREEAEY A TR0 . 1 e IRME G AE Y SR BRI B
ARSI R FH BB AR 7 38 I A ) B ) DNA (ST 16S vDNA b B SCPE Y 75 125, #1 F RFLP #l DGGE
TR BUEITE B3 HT TT A FREE S5 09 FLANEERT R 308 1A ) 2 R SR B, LU B AT 2 ULkl s e FLAH
TS MR WU RE I S I 22 A1

1 %

1.1

1.1.1  JU4hiESHIF 7 8 A S

2011 4F 8 HFN 10 A 7E LA T 5 i B LSR8 SR 46 5 58 FLAN TS X WA i [ FRFE K 0T 25 4 R R 22 -
24 R PE25 -29°C ,pH K 7.5 = 7. 6 , KB ST RAE MM UR TS H il , WOl &4 200 F&/m® SR, FRF R 0 1E 5
FEK IR AR 30 m* (4 m x7.5 m x 1 m) , RFHIEFRKFEAH , 45 K I 8 BB ARRE ] o 75% 5 RS 14
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XHEMARZE, JO A AF T SO AR il , P K 875 260, 1 A= B ER KV el 1, T K B m B
T~ —2 DNA $2Ht,

1.1.2 X ®1 ZWHATKSIMEERFS

DNA 4li fk 38 7] &, i ks pMD18-T Table 1~ Sequences of the primers used in this experiment
(PCR 7y Sg e 4R 0K) BRARI Py g 3140 P i Sequence 3k Refrence
(Afa 1 A1 Msp I) Fl PCR *}*‘ i iﬁ%ﬂi{g% 27-F 5'-AGAGTTTGATCCTGGCTCAG-3’ Edwards et al. 1989
[ TaKaRa /2> &]; K ¥ 1 Escherichia 1492-R  5'-GGTTACCTTGTTACGACTT-3' Weisburg et al. 1991
coli Top10 m@?%ﬁ%ﬁi\\ﬁ] o M13-47 5'-CGCCAGGGTTTTCCCAGTCACGAC-3’ TaKaRa
1.1.3 3] 5}5]13-’(1—]- RV-M 5'-AGCGGATAACAATTTCACACAGG-3' TaKaRa

B MRS Bk (1) i FiA GC341F  5'- CCTACGGGAGGCAGCAG-3’ Baker et al. 2004
T YRGBT 534R  5'-ATTACCGCGGCTGCTGG-3’ Muyzer et al. 1993

1.2 FLYEXTERZIE S DNA 12EL

X 1 N ZE P #5048, 7500 v/ min B0 10 min, 2 EEW . WTTEHANA 180 wl Buffer GTL, 52
il AR E . JIA 20 pl Proteinase K, i iETR 2], 56 °C M & B 2 WK T 224, INIEZ T 15 s, A 200 pl
Buffer GL, % iERE 7 7t/ 1R 51 s ML 200 wl Josk SBE , i HERE % 78501 5 ,8000 r/min .0 1 min, FEEW . fIIA
500 pl Buffer GW1,8000 r/min & .0> 1 min, K., A 500 wl GW2, 14000 r/min &.0> 1 min, 3K #&
14000 v/min® & .0 2 min, FFJEW . A 200 wl Buffer GE, —20°C {47

1.3 16S rDNA E[HE ) PCR ¥ 1%

PCR 2% % 50 wl & 4345 1l DNA 4, Premix Ex Tag 1.25 U, 31814 1 wlo [ 550 :94°C A8 b
5 min;94°C 30 5,55°C 30 s,72°C 1 min,30 M ;72°C ZE{# 10 min, PCR F=¥1%48 1% REIEHHEE RS L vk )T , VI
T HEY DNA Z&47 , 3 i [RNG 7 & vl B R 7 alifl

1.4 16S rDNA F[E3CEHIZEF RFLP 547

H4 e i) PCR =i £z 51 pMDI18-T A, FHIC A 3k 43 KL LB/ Amp F-Af b B A7 BH: B s fe T
10 pl LK PCR A5 VE R BHR, FHE 14 RV-M Fil M1347 $E4TE 75 PCR; FRLL 0.5 wl 7B 1045 R 7% PCR
PR AR AT S PCR (I 16S 5@ 1514 27-F F1 1492-R) , $[% PCR Py R Jy i 2 32044 11 16S rDNA
B, K/ 1500 bp, KEEEG PCR P2 F Afa 1R Msp 1 5 A% R BR il P PO VT BEE AT RELP 4347, 76 2% Bt
EAREEIE L AT FL UK ; 20 AT ve B RFLP 3 AU | 31380 R 1 AU %)t BB fd ] Good (1953) 2 1 19 Coverage
(C) KR 168 rDNA 5wl SCPE R PR , KTk 15 25 B RE A AR LN B IR B U W 20k . TR A
wmF:
C=1-nl/N
A, N 2 16S rDNA FERESCEMPEZS ,nl R 168 rDNA 5 SCPE A R IS — IR A s+
#7 Coverage C TR, il LA 1L 05 . BRBUR R S b PRt N A AR R SE R B B A BR S 5l E AT I 5
JITAF I F DNAMAN EBREAARF 55 , 8 A %0F 178 NCBI LB 47 He X, 4% H AR 5G4 B 5L e g 1 s A= 4

1.5 16S rDNA V3 X PCR ¥

KA 16S tDNA V3 XK@ 5|14 GC341F 1 534R (Baker et al. 2004 ; Muyzer et al.  1993), GC J&Bjj 1k

DNA 7¢ DGGE Hiykid v 58 255 . 50 pwl VAR R 35 1 wl DNA B, Premix Ex Tag 1.25 U, 541451 pl,
% Touchdown-PCR :95°C 4 min,20 PMEH 94°C 1 min,65 - 55°C &:—1FFFFE 0. 5°C ,72°C 45 5,20 MEF 94°C
1 min 55°C 45 5.72°C 45 5.72°C 10 min $E17P 3 (Don et al.  1991) ,PCR F=¥145 1% B3N 5% Jid i kA 0 o
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1.6 DGGE BEiL&E N1

AW 165 rDNA V3 X347 ¥/E DGGE T 1 vk 3 SE AT HLIK , I 60°C. . SR PTGk e
AR EBRIE J 45% ~65% 60 V FlLk 16 h J5 AL e i 6, 76 BAR AR GE 50 MR U 478 (5 &2 45
2004) . FEFIHAE Quantity One J3H7 DGGE 4.

1.7 DGGE % EHF 315 1

Tef B3 28 T T B 3SR, UDIBO R AR AER T 50 wl KK P, 4°Cod i, ARG 2. S pl MR BiAR
PEAT PCR R, BRI GC e 7-4b , HAb R B 25 P [ Lo 4lfk)= i) PCR ™13 H 51 pMD18-T #ff b i
TREGH e 2 5 P S , WEFE 5 A IE WA A BERY SC RN 1y, U PP 45 R AE GenBank AR ATy 91 [T HEX

2 #ER5HMH

2.1 RFLP R

8 H XHIF iz il SO R ) 200 A e e 1 Hr i 2E il REAS RSB ) 7 B 1~ 5 1~ LA Coverage C SR VEAR BT #4 22 5C
JiE XTI BE T A W) 2 RE PR I AR B 45 S 2R B, U A i 1% 16 StDNA b b SC I 78 35 2% 97, 5% , B & 1 X R i
B 97.5% 1) 40 TR 22 FE R 0

10ﬂ#%ﬁﬁ%iﬁ$%ﬁ@%?§ . M 1 2 3 4 5 6 7 8 M9 1011 12 13 14 15
e N P R

87 A, [ 7 PCR K U PH 1k 52 000

H85 A, ALK K 97.7% . HLIE 750

500

PCR =¥ 285 W) B on LA 8 4>
METER (& 1) o Lh Coverage € E
TEAS A 2 SC X R SR ) 24 100
PERIARBL, 25 5380, Frf i 16S

tDNA 52 Féj(ﬁ?%%ijﬂ 20.8%, Fig.1 Double enzyme digestion of partial clones of 16S rDNA library

RRELEr TR AR J JE o 90. 8% 94 M DNA markers 1~ 15 4853 St 7R D0FA

WEEMRM., 8 A 10 A% Double enzyme digestion of partial clones

5e B - 7 I 45 )7 91 7E GenBank

HEAT BLAST LUXT, PRI TRk 44 B AR FIHJE 2R L3R 2. 8ty Unculturable bacterium Jif i L4
h94.63% , [6] )@ 25 X 4l | ] ( Proteobacteria ) a-proteobacteria ZEHEH1 (1Y) Ruegeria spp. Fll Rhodobacterales spp. 435
i 0.671% F14.70% , 10 H H A Unculturable bacterium fr (5 FL |k 11. 8% , ZSFE 4B | ] H Y y- proteobacteria
EHEP RSN &  Neptunomonas spp. K G J& Photobacterium spp. 40 73 78 32. 8% 2. 4% 1 7. 1% , ¥ H
(Bacilli) H By 2EF0FT # J@ Bacillus spp. ZHEE R 45.9% .

200

1 16S rDNA 5 [ 3CJ2E 73 v b 5 XU D) P 3%

2.2 DGGE R

AW5E DCGGE Z5 KRB, i [ 16S xDNA V3 X5 Y5 B AE M Z AR AR e, JF BN [R] BURE s ] 1) 2%
AR NI NS A 2, Hoh 8 ARER L 9 AR (&1 2-A) 10 ARG B 12 25 (K 2-B) . A 5%
AL, AW A RAE A bl B, RIEE RIS B 8 H A 10 A (1 [al— 454 HOG 2% B WA e 22 7, A
nfm]— %47 (D0805/D1011 ) ZEPHAN H rh iy 628 B W i AN Tw) (18] 3) |, ixX i85 B i A8 Ak — e R B L RN T B
AHXTFBE B2 AL, SRS 07 i 7 91, 76 GenBank rhfE A7 BLAST Xt , H w91 >k | P bk 44 4k AHABLEE A
IFJERBELFE 3, Wi A LA Unculturable bacterium FHNE & N F B EE , HLIRCH Ruegeria spp. . Streptomyces
spp. .Enterococcus spp. F1% YA 5 B F AL
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Table 2 Source and accession number of 16S rDNA sequences

ek 7STRes

Strain number

HRs
Accession No.

R /227

Bacterium for alignment

ARLEE
Identity (% )

A e

Taxonomic group

RO801 (8 45 1 Fjis)
RO802 (8 452 Fhik )
RO803 (8 A% 3 Fhiil)
RO804 (8 45 4 Fjia)
RO805 (8 F 45 5 Fhik )
R1001 (10 A 45 1 Fhjgs)
RI1002 (10 A% 2 Fpim)
R1003 (10 % 3 Fhi)
R1004 (10 F %5 4 Fhis)
RI1005 (10 A5 5 Fhiga)
R1006 (10 745 6 Fpji)
RI1007 (10 H 457 Fhis)
R1008 (10 A% 8 Fpi#l)

KC120656. 1
DQO15774. 1
CU915017. 1
FM180519. 1
EU624444. 1
HM852450. 1
EU584537. 1
EF187010. 1
AF493803. 1
JQ218514. 1

AY147860. 1
GU293173. 1
JF748732. 1

Unculturable bacterium
Unculturable bacterium
Unculturable bacterium
Rhodobacterales spp.
Ruegeria spp.

Bacillus spp.

Bacillus spp.

Vibrio sp.

Vibrio sp.

Unculturable bacterium
Photobacterium spp.
Unculturable bacterium

Neptunomonas spp.

96
97
96
98
99
99
99
99
99
99
99
96
99

Unculturable bacterium
Unculturable bacterium
Unculturable bacterium
a-proteobacteria
a-proteobacteria
Bacilli

Bacilli

- proteobacteria

- proteobacteria
Unculturable bacterium
- proteobacteria
Unculturable bacterium

Y- proteobacteria

!
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Fig.2 DGGE analysis of intestinal bacteria diversity
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A% H % JE Relative optical density
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Fig.3 Optical density of respective bands

in different month
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Table 3 Source and accession number of 16S rDNA sequence separated by DGGE

RG>

Strain Number

RS

Accession No.

RRA R

Bacterium for alignment

AR
Identity (% )

2R

Taxonomic group

DOSO1 (8 A4 1 44f)
D0802 (8 H 452 4&4f)
D0803 (8 A% 3 44
DOSO4 (8 H 45 4 £x4ts)
D0805 (8 455 447f)

JX915780. 1
JX523669. 1
JX679625. 1
JN399993. 1
JX028545.1

Streptomyces sp.

Unculturable Enterococcus spp.

Unculturable Enterococcus spp.

Unculturable bacterium

P. damselae

99
98
100
100
100

Actinobacteridae
a-proteobacteria
a-proteobacteria
Unculturable bacterium

- proteobacteria
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&gR3
B G ~ R L7 HHABLEE )@ R
Strain Number Accession No. Bacterium for alignment Identity (% ) Taxonomic group
D0806 (8 H 45 6 %&7%) JX861208. 1 Vibrio sp. 98 ~- proteobacteria
D0807 (8 A&7 &%) JN399826. 1 Unculturable bacterium 100 Unculturable bacterium
DO808 (8 HEE 8 &%) JN871705. 1 Vibrio sp. 97 - proteobacteria
D0809 (8 H%59 454i7) HF558767. 1 Unculturable bacterium 100 Unculturable bacterium
D1001 (8 A% 1 447) AY620976. 1 Vibrio sp. 99 Y- proteobacteria
D1002 (10 HEE 1 4&3%5) JX468071.1 Vibrio sp. 100 ~- proteobacteria
DI1003 (10 HE5 2 4&4F) JX679625. 1 Unculturable Enterococcus spp. 100 a-proteobacteria
D1004 (10 H%5 3 447) JX206566. 1 Unculturable bacterium 100 Unculturable bacterium
D1005 (10 HEE 4 44%5) JX468071. 1 Vibrio sp. 100 ~- proteobacteria
D1006 (10 A% 5 4&i7) JQ217323.1 Unculturable Ruegeria spp. 100 «-proteobacteria
D1007 (10 A% 6 4547) EU267654. 1 Vibrio sp. 98 - proteobacteria
D1008 (10 H%5 7 &%) EU413955. 1 Vibrio sp. 99 Y- proteobacteria
D1009 (10 HEE 8 47 ) JX679625. 1 Unculturable Enterococcus spp. 100 a-proteobacteria
D1010 (10 HEE 9 %) JN399993. 1 Unculturable bacterium 100 Unculturable bacterium
D1011 (10 A% 11 £&4F) JX028545. 1 P. damselae 100 - proteobacteria
D1012 (10 A48 12 44F) JX861208. 1 Vibrio sp. 98 Y- proteobacteria
3 g

X B Jg T ) 2 T 30 e 08 2R A 2R e A P, G B T ) A AR 8 T 2 1 3 X MR ) I
Ao MU Sy BT ) 2 SCH R o SR FLAN B35 3 A — o 1 S BRAE , B IF e e W, W] 3 B 15 3R (A T
B A L AFAER) 1% , B 99% LA b (20T 2 H i % 8 )5 ik i AN RESE FR . LA PCR-16S rDNA Sy BLfil
(7715 PCR I Ry Xof B Ji 38 20 Gk DNA JHC b B 35 A7 AT 3% 3 0002 W0 i DNA 35 8 Al 55 3% Gl A= W0 Y
DNA, SR IR DR R B AR GE v S 32 A i Ap 26 22 . 2R AT 45 (2007 ) 1 RFLP SR 73 At 1 2 5230 57 5E
ZEAE T X WM TE TR B9 Sl A DR P RFAIE . Papakostas 45 (2006 ) 12 H] DGGE $AR It BRUH 758 75 th w55 75 i 1
A% A28 BN R I Brachionus plicatilis F1 B. rotundiformis , Tfijf& B. sp. Cayman, Mohamed (2008 ) iz
JH DGGE HARS5E 168 rRNA KL A 5 R U 73 A, WHSE T FRFEKAR S H AR KR il 47 Mycale laxissima )4
BIREI I 22 50k SRR e M. laxissima | ANEZFEPE] 350 (HE A B H] DGGE #1 RELP 734K 7 3
WE M sh SRS D

ARWF5E N A RFLP #1 DGGE 43 #4% K 15 4 8 A L)L Unculturable bacterium “f 3= Z AL , LYK A Ruegeria
spp- iR J& .Rhodobacterales spp. Streptomyces spp. Enterococcus sp. 1 Photobacterium damselae, 10 F X Uncul-
turable bacterium FINFH B N FEMBEHE , Lk &K H6FFH &  Neptunomonas spp. . Streptomyces spp. . Ruegeria
spp. .Enterococcus sp. F1ZEHIFT & @ Bacillus spp. o 8155 (2006 ) M 5 F2 48 0 LGNSR i vp 2 B S 111
PRANTA , HAOUFAGE SO R N & R AT AR B TR R . Wang 45 (2000 ) D 2R fift B rh
L Xof MR v 85 47 R, IR T A AT 1 R TR b g RS T s . 2500 45 (2007 ) AS2 36 77 4 2%
N LA AR g T8 43 R A P IR R 2 R R T R N & o AT TS A I T IR 8 AT R
HAEAW R INEETE 10 H e i el 2ER T 8 A AT REE I T WSSV (&4, S EUG I A RF A5 U
RATE 9 H FR5H 3 H B S X IR AE T, A7 LAY g WSSV iR o 5 B0 1) & A= nT BE S W T X6 3R B i sk 2 9 vl
REAVZE AL, X2 8 A A1 10 AR A9 25 S iy I 22—

Tannock (1998 ) 5 0 7L 211490 13 18 F 1 5 TR o) 10 2l bR 100 190 52 ) S 36, TR S 1 Sl Wl 1 v i TR AE 7Y
JAg o AN FIZE AR BNR , I 2, AN TR] S0 0 5 st W] BB 3 Al IE 8 B W Rl . S AR SR 3R I, R
RFLP F1 DGGE P 5 A% Xof BF i B0 i A7 73 TR o] LAAS B — & I3 W) 2 R D (5 2 B2 K 4
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B 5%, RFLP a9 1% 18 258 H J& & y- proteobacteria , a-proteobacteria , Unculturable bacterium | Bacilli,,
DGGE 437 i) i 25 #£ )3 J& & y- proteobacteria , a-proteobacteria , Unculturable bacterium | Actinobacteridae, FjF#
JrEE T W) i 18 T RE A AR [R)H JE 2SS HE AN y- proteobacteria | a-proteobacteria , Unculturable bacterium , A~ [F] 28 HE 40
RFLP 73 #7#43| T Bacilli, DGGE 43 #7458 T Actinobacteridae , 7] §£ /& Actinobacteridae 55 I 18 2 #7575 2019
1% ,[F 2}y DGGE 7] K BB AN o5 SR 1% MIREY) o it LB — 38 B9 50 A 4 R %575 18, W] LUE U AR,
T FE 43 RN AT T Rl ) 2 R (o S0 48 SR O B W 3 B LS L, A T K 7 sh A i TR R RIS
e g A TR0 g FH B HE R AR -

Z £ x W

E5IT, BN, Dk, WS, B, B ALSE. 2012, DGGE HARXN B 56 [ MR FR SRR (R TR 4 2 R PR SE. ApHo R 3R, (10) (131 -
136

EZEEL T AR ARTRIL, TR, BRI, SR 24 EE. 2006. PR S 4R AU AN B8 (19 45 08 S AL RE D A DTS K757 58,27(2) .7 -9

2 RIGERS , TR, BOH 4. 2010. S AR R OEHF TEX FLAIE X IR R S M S BE S RE SCH U 1 52 ). il B2yt 31 (1) 165 - 73

AR AR, FUAL, 5 7. 2007 B 36 11 0 MR T8 Sl U REVE B0 20 T 2007 SR 244 ,47 (4) :649 - 653

Wrds e, E R, B , 4T 2008. DGGE Ml RFLP J7 i3 RoALIA KA 41 B W 2 Re k. AR HEAGEH, (6) 113 - 119

FEJ1, B, U, A 55, AR 2006. 1938 N M8 40 R B AR A I AT AT KRR, 25 (1) 113 - 15

BB FEHGBL TSR, 2004, DGGERTGOE HeA o H AL BUE M 4h T/ 4525 O P M1 446 ) 1846 - 847

SEMBAR, RIEEE. 2013, GalBLh AN 2 ST I PCogs XF PLANTEXTER A SN STAT JE P IR Y520 vl B2 0k 34 (3) :97 - 103

Baker PW, Harayama S. 2004. An analysis of microorganisms in environments using denaturing gradient gel electrophoresis. In: Spencer JFT, Ragout de
Spencer A Leds. Methods in Biotechnology, vol. 16: Environmental Microbiology: Methods and Protocols. Humana Press, Totowa, New Jersey 323 —338

Chaiyapechara S, Rungrassamee W, Suriyachay I and 4 others. 2012. Bacterial community associated with the intestinal tract of P. monodon in commercial
farms. Microbiol Ecol 63(4) : 938 —953

Don RH, Cox PT, Wainwright BJ and 2 others. 1991. Touchdown PCR to circumvent spurious priming during gene amplification. Nucleic Acids Res
19(14) :4008

Edwards U, Rogall T, Blocker H and 2 others. 1989. Isolation and direct complete nucleotide determination of entire genes. Characterization of a gene cod-
ing for 16S ribosomal RNA. Nucleic Acids Res 17(19) .7843 —7853

Good 1J. 1953. The population frequencies of species and the estimation of population parameters. Biometrika 40(3 —4) :237 -264

Li P, Burr GS, Gatlin DM and 4 others . 2007. Dietary supplementation of short-chain fructooligosaccharides influences gastrointestinal microbiota composition
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