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5 ANAIRE IR o ROOC R v B HUR 43, 5% , Horh n] B IR EAE IX MR B 97 28 B B28 73 Jill S J At 3 A IR AR 3
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ANRL—15 W 5 9 Bl (Pseudobacteriovoracaceae) ™ .
HC T SR A U B R 0 I R e kL B LT
B T B T OB R 08 A AE T K A
EEE TERKOE BTy o 2 A KB Y L U4
B B R A ) K BT, A VR I U S v v 0
INEH 2 AR T E LAY L O e —
B R0 TR 5 1 97 43 1 1 06 K I AL o A 2 — 4
T L35 I 300 6 250 A T R T Y T A ) S
B 3% 100 3T 0 248K 22 $ois 76 i 1 AT A R
HFR Y R E K 2 REVERT ST, S A I T
¥ 7% (culture-independent) £ R T b Rl L ST R Ik
HZ R RIAE A TR -

S0P U 7% B i R 97 9 1) 2 AR Vv f)
vz o e rb YT T R SR B R R R
e iy J A [ 55— 2 [ P %R 7 b 4 TR R S 1 M
DX, B R ot [E R 2 #5792 ) K 3 2
W 5 B b P e B i R o A ke B G i 5 R o SR A
NP T R R 5 B X8 7K R 05 v Y S SR IR, i 2B
TR TR R A g R AT Y . i
VU IR X I LA R R AR G 5 36 )
ERIEE TR AT N R RS e i
— e 5 2% W) U U LR A A 2 R R A R
A RE S IE R R L 7 A X
g U DU S R B O vt 0 B AR A R A2
BT g O vkt Y e LUVR O R &
PEo ASCHE R EE 16S rRNA S K 32 AL 29 #7
S ECTT M X B T 7K Yt 0 9K 1 %2 R T R AT E AT
A9 N A RIS B 7E 6 R R B A A R e T g
SEREAL A RO R R 4 BN G 7 9 o 4H 1
RPN S %

| O R IR

L1 ##

L1 1 SRR A A0 VL T Wl D6 B A g = BT
WG FRIE X% 2k £ 4 AT W I L 9 X R
(Litopenaeus vannamei) WFHs, 73 5 LL AL B. C. D f
E. F. G HACRMDGHE A B 81 4 NIFSE . WA
AR 4 AT R AU R 1 m Ak g3 ) TG T 2R O A
R AR PR ) 10 em 7K AE & 500 mL, R A7 T UK &
7 0] S 50 2 A B SR IS O B R = L v X R
TR IS 8] 53590 A 3 A0 6 J) 5 25 WF b~ B4 7Kk < £ B

A pH 5 B 1 Frs.

F 1. #FioKGR (& E 0 pH
Table 1. Temperature, salinity and pH of the
shrimp ponds sampled

Shrimp pond ID T/C Salinity /%o pH

A 28.8 24. 44 7.70
B 29.1 26.31 7.55
C 29. 4 19.73 7.38
D 29.2 19.37 7.35
E 26.2 25.52 7.46
F 25.8 17. 87 7. 64
G 25.7 27. 14 7.92
H 26. 1 18. 85 7.72

1.1.2 FERX7F 518 TGradient 96 Thermocycler
(Biometra, ffi [ ) ; GeneGenius #t K & % & &
(SynGene, 3% [ ) ; EZNA ® Water DNA Kit f1
EZNA® Gel Extraction Kit (Omega, 3 [H) ; Taq /i,
pMD20-T Vector, [R il ¥4 P V) i Hae 11 F1 Msp 1
(TaKaRa, KIE) : BRI ¥ A V) B Bsh12361 Fl Rsa 1
(Fermentas, 7. %8) o
1.2 7k#£5 DNA 25

RN R W) 4 K FEIL 2 LR & A —
L2 1.2 wm AT R YR B 9, DL BREBLR I
WORL 1 2% P45, FRHGCEME 1 Ll —5K 0.2 pm WRA
TYEYENE . R ] Water DNA Kit $2 02 0.2 pm JE
JIEE A< 45 ¥ 7K A DNA
1.3 BALOs 16S rRNA Xt [® ] 18 1 52 & L BE#4 2

LA Davidov % " B2 V1 (g1 i ik B 9K GRAHR 5751
) Bac676F F1 Bacl442R. 5 W 9K & Bl 5 7 51 ¥
Per676F Fll Perl443 R I 3B BHF 52 514 BAS29F Al
BA1007R 735l 9 44 % /K F- 5 41 DNA. PCR Jx W
R RS % Wen 257715 o Bd 5149 Hi 5
DA 5ICERT 1R AR JSFT JE DR 2 DNA hy BH P 55 SRS A
JSFI1 2 DAAE AT il A 0 9K B i 57 o 2> B 3 8 T
T R AR Y o R R 3 Y A B P A
FEMIR A )G i L Gel Extraction Kit 4k H 19 7 B¢ -
H I Bl pMD20-T 84k BEAT 3% £, ¥4k E. coli
DHSo /&2 A4, 3 k. W2 V% % R
(100 wg/mL) U1 F1 & (1 B % 0 1 FH 4 5 %, BAAH
A S 5 |00k BE M o B R AT WV PCR 47 19, FF 328 L
A7 28050 B BEAT SR ZE I 1S cDNA BRI 1 g U) v By
#r ( Amplified ribosomal DNA restriction analysis,
ARDRA) .
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1.4 ARDRA 4} EUF0i 5

% Wen %5 J5 75" b BV 52 1 H i) PCR 7415y
) 38 o BRI E N ) B Hae TIT. Msp T A1 Bsh12361 [
DIV AR HL VAR o X = il D7) % 5 4 — B e
W 1 € 0[] — ARDRA & HY, of AN [ 28 24 AR 4 vg
PERCRIERE 1 -6 AN BN P W5 W R R —
ARDRA KA1 va [ Fp 51 AH AL PE A 21 99. 5% , I A
Rsa 13t — 2 Mg V) 73 8L )5 7 0 7 » B0 B HH 42 3 e
W By
1.5 wmEXESHR

S5 Wy LG # 3 Bl (AN 4 Rl A g 43
TR 5E 1) ARDRA 2B B — AN #4E 4r Kot
(Operational taxonomic unit, OTU) , [7]— OTU [¥] 7¢
W 7 #1 T AL PE =99. 5% o LA 16S rRNA % K] 5 %)
FABLE 97 % 1F S B 5€ AR WIF 5 W 1 9K BT ok A0 7 1 9K
RSB TR Pl bR E™  BLF KB R A
AR E K bootstrap {8 K T~ 50% » i JEHF 44 P LA
B R AR e B 4 5 Rk o LA TR 55 4% e S
FE OTU Bi2R#E 1 78 5% /% (Coverage, C) - Shannon £
FEVESR B (HY) o« B% C 1A C =1 -nl/N it
S e N AR 20 B 19 A 2% e B B nl AR R AE 3L
e SO A B ) OTU B R A . il i
CANOCO 4. SHR 12 Ji] B #a %5 XF 1 23 #7 (Detrended
correspondence analysis, DCA) (23] A3 M OTU Fa 28
FEZK P b EE AN [R) MR s SC % 1) &0 BALOs il 45 44
bp 1 2 3 4 5 6 7
2000—
1000 —

750—
500—

250—
100—

M

) 25 5 o
1.6 ARG HHh

¥ 143 5 4F GenBank th 33 4T BLAST [ Y5 P
Lttt Chttp: / /www. ncbi. nlm. nih. gov/) , i 1 5 H
GUAABL A f5e 1 (97 % — 100% ) (9 9 B4 ) 5 A Sy 2 %
JP 31, 454 BALOs A ] B 2 B Bk 1) 16S rRNA JiE
PRI 1, i i MEGA 5.0 %7 Ll ClustalW 347 5
HUEEXT, BL Kimura-2 2 $0RE R 4G 5 5 4 kAL 3 1
K 4B 4212 (Neighbor-Joining) 43 J1) 4 3 & 5 105 1 K
e RER A T 9 RE 3R G E AL B 5 Bootstrap 1000 (P
fiti BEA A (90 FAE € 1 JF BL Kimura2 2 e A4 o
SR RGN LA [R] 53 43 i) 3 4 5 5

2 4R

2.1 BALOs 16S rRNA £ [& 3 1

M8 ARt 7K RE 2 B 5 DNA &6 B I B e ok K
ME R AL B YA 23 kb A4y, Fr B g . g SR i ik
TR RFRIAE RN RS 0 5K FE DNA Hh #8971 H 4
770 bp 55 557 WA A R 1 ProR.
0 5B BHRR 5 51 40 B ACBH 1 X B 1 (Bdellovibrio sp.
JSF1) 4 Hi £ 480 bp 4§ 57 41 » X T K e DNA ¥R
RESRTFBHPEY 1 (B 2) o 31X 3% B A BIF 5T ¥ 7K B it
P S A7 G 5 0 B I B R R 7 1R I B BRI IR 1 AN
AFAE B D A7 A7 0% 5B BB

8 9 10 11 12 13 14

770 bp

B 1. R EEINERANSHEIMER 16S rRNA E X453 5|4 77k 4£ DNA & PCR ¥ 1
Figure 1. PCR amplification of water samples DNA by Halobacteriovoraceae —specific (1 —=7) , and Peredibacteraceae-specific (8 - 14) 16S rRNA gene

primers. M: DNA marker; lanes 1 —7: shrimp pond water samples A, B, C, D, E, F and negative control; lanes 8 — 14: negative control and water

samples A, B, C, D, E, F.

2.2 16S rRNA EFAZEXEME

R4l ik PCR 488 45 5, x5 8 /MR it K # 73 53
Pk T g £ g B 9K B RE (Hal) 125 1 90008 B (Per)
16S rRNA FE X 78 [# SCE o« MAE— 7K FE Hal 1 Per %
PR b 43 5 PR EL 100 AN F 90 /N5 ¥4, Hal 5o [
FLARLAE R 3t 2 5 I #0y R s, i AT-A100. B1-B100
FI HI-H100 %5 ; Per o B W) BL pal pa90. ph1-ph90 Fl

ph1-pho0 5% %. B ¥ PCR I 1F 27~ 90% /A 47 IH
oo W H A N 2 800 bp H B B
2.3 TEXEOTU ZHMLH

HEF ARDRA 25 &l J3 45 3 5 #7» 8 /MiiF it Hal
SCPEFAL 68 Ff OTU. Horplibil C AT H 3L OTU
Hhe %, ¥k 28 A0 A SCEFAR (17) « tF 543 2 %
Y OTU 78 7% 5 C A1 Shannon Z FE{E$e %0 H W £
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2 fiine fRUFHh Hal SCHE C E Y45 90% i 47, R W]
JIT 8 S P 7 o S LR e > R A4 T e I 2 A
HAH W) 2 FEPE RN 5 & S0 OTU A B A8 —
2, B H>C >F>D>E>B>G >A.

8 MR Per SCEJL4L 5 44 Fh OTU. 5 Hal
JEARABL % ST P # H A 5 m (95% A A7) (1) OTU 7 26
5 (£ 2) . Per CE HAH K/MFJF N E>A>G>B>H
>F>D>C, 5 Hal SCEE HAE K /N 5 AR Sk 35
Bl Hal SCPEep £ B2 85 i ) 4 A EFIE (A, B, E, G) 1
¥ HAH (2.25 £0.15) 2% T HoAth 4 A 30 5 B AR EF

bp M 1 2 3 o+

2000—
1600—

1000—

750—
500—
250—

100—

W (C, D, F, H) [F ¥ H {4 (2.87 £0.22) (P<
0.05) , 1M ¢ Per L E ', A, B, E, G [ H {4
(2.37£0.29) M B ¥ & T C, D, F, H - FH1HE
(1.51 £0.17) (P<0.05) o #7¥t Hal Fl Per 3 J &
SKAE K M BALOs 3¢ /% (Hal + Per) 43 #7, A, B, E, G
%) H4#H (3.00 £0.16) W5 C, D, F, H [{~F41H
(2.90 £0.14) £ & % 5 (P>0.05) (£ 2). XFE
B :0TU /K1 | 8 AR 4B B A3 5% =i 1) Hal FI Per £
FEVE W32 22 06 VK /N 52 6 B 5% Wi WYl (HL AN () 0 vl
[ S 1K) BALOs 2 FEVE K /N T — 5.

6 7 8 9 10

480 bp

2. 2N E R 16S rRNA EFE #5751 934 7k # £ F 45 DNA B PCR ¥ 18
Figure 2. PCR amplification of water samples DNA by Bdellovibrionaceae-specific 16S rRNA gene primers

M: DNA marker; lanes 1 —8: Shrimp ponds water samples A-H; lane 9: Positive control (Bdellovibrio sp. JSF1) ; lane 10: Negative control

F2. BERBEIMEMEHINE 16S rRNA HF 5w EXESF

Table 2. Analysis of Halobacteriovoraceae and Peredibacteraceae 16S rRNA gene clone libraries

OTU (99.5%)

Cluster (97% )

. . * ok ~

Libraries 1D Clone number Number ((J(g;r?go/:) ifl::xman,) Number ((:(()‘V;H(lgo/:) Shannon index (H")
Hal A 92 17 89.13 2.09 11 93.48 1.43
Hal B 92 21 89.13 2.35 17 92.39 1.96
Hal C 91 28 89.01 3.03 22 93.41 2.82
Hal D 89 20 94.38 2.58 18 94.38 2.44
Hal E 93 20 92.47 2.41 11 98.92 1.78
Hal F 90 25 92.22 2.80 21 94. 44 2.52
Hal G 92 18 92.39 2.15 12 95. 65 1. 60
Hal H 87 28 90. 80 3.06 20 95.40 2. 69
Per A 79 18 93.67 2.43 14 97.47 2.20
Per B 81 14 93.83 1.98 14 93.83 1.98
Per C 87 9 95. 40 1.27 8 96. 55 1.21
Per D 87 8 96. 55 1.52 8 96.55 1.52
Per E 82 20 95.12 2.68 15 95.12 2.26
Per F 85 9 95.29 1. 60 8 95.29 1.41
Per G 83 19 95.18 2.40 15 96. 39 2.14
Per H 80 11 95.00 1. 66 9 96. 25 1.55
Hal + Per A 171 35 91.23 2.94 25 95.32 2.48
Hal + Per B 173 35 91.33 2.87 31 93.06 2. 66
Hal + Per C 178 37 92.13 2.86 30 94.94 2.73
Hal + Per D 176 28 95.45 2.75 26 95.45 2.68
Hal + Per E 175 40 93.71 3.23 26 97. 14 2.70
Hal + Per F 175 34 93.71 2.91 29 94. 86 2.67
Hal + Per G 175 37 93.71 2.96 27 96. 00 2.55
Hal + Per H 167 39 92.81 3.08 29 95.81 2.84

® Hal, Per, and Halo + Per denote the libraries of Halobacteriovoraceae,

indicates the number of valid clones being analyzed.

Peredibacteraceae, and the total BALOs, respectively. ™ Clone number
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2.4 BHREFEINESHEMESHT

AHE ST Hal SCHE AR 0 BE 16S TRNA JE X 7
HI{E GenBank I 3% 5 & GQ179996-GQ180058 Fi
KR153959-KR153974 . BLAST #3 3| [ & #H L J¥ %1
Yok A K (35 228 i 7K) BRBE 10 08 3 I 5 9K 58 2y
) B T AT I R B R AN e B . NEHE (P 4
FULTE =97% ) ff1 B 5> HT Hal SCEE 2 FEPEFR S5 -
&N OTU i B 43 #7 45 FAHBL, I & S 1 28 B 4L
S H {E #  A5 AH AL A A o A6 1T AH N sk /s (58 2) .
16S rRNA LR 7 51 3 G k4 o3 7 o (B 3) 58 A
SCPE AL 3T AR W A, b 14 A4
(A48, B6, Bl4, B35, B53, (8, C58, €62, (74,
C77, D31, D47, F5, F13) £ ¥ A fg 5 GenBank 1
JP A N BER) B — a1, U 5 A4 (IX, X, XT, XL
P10) J& T O &0 m] £% 7% Hal 2K (8 3, 8 4) . X%
B AT 5 0 b 1 5 Wk R IR T 2 B EOR K Bl R
AR 2 FE R, Ho 48 K 22 %0 H A K B8 2 & B 9% .
F 0 JE T IR S AN AT RE IR B 0 b B AR S
SCEEH T 43.5% (B 4) o nf WL, AU E: R, R
AFF 5 0 3t A 22— 3 43 W8 R Wk 1T I B A AT N 2 5 4y
IR .

L e [ K = 5% R RhOREAVE R SCRE P A 52, SO
CALAR BRI %2 (9) ,H k2 (1), E &/ (3), 1
ROSCEER AR 4 4 (A, B, G) B 5 A (D, F)
(K 4) o 8B IX [ 5 B H DL 27. 6% ¥ & LL 4l O 8
A Hal &SP i 4 A0 353, B T 78 C AL F SO
A 1. 1% F102. 2% A, 78 3 4% 6 AN 3C % sk
HEE# (A, B, E, G) 5 oh 5 2 (H) 558 3 4 3%
(D) ; 258F XTI LL 9. 4% g b5 Sy Jsh SCHE TP i 56 3 4
FRHE, Hem Byl iy A/G, E, B/D LR 2.
3.5 fr, fHAE C/F FH SCEE v g3 ) A0k 31 1 i 2
ASTOBE BHE XILAE AVC SCEE TP AR H I, 2 C
SR AL AR B AE B, Fy G, H LR H AT
1 -4 S0pE, 7ESCHE B AT D PR A W 3. 5 A
Al R FERAE (XA P10) FUAE 38 43 3 g v DL AR AR 3447
.

Rk am (K 3), w k& B28, C81 fil G7 J¢
%) 5 GenBank H' 2 A~ K ¥ FF @ B MoSur84
(HM023615) F1 251 - 53 (FN553492) J¥ 41| 4t 5
B28 . B28 JSHE L R ST EE 2 LK EE R
76 A FE SCE A R GAS W 240, 75 55 4 6 AN SCPE
BYHEnm, W2 D, FHHCEMNRLHBER.

% B10, B21, B54, E5, F23, H30 A& B 7% w &
Reef M20 (GU119229) J@ 5 L3R B10 JEHF, HoAfE 8
AN SCPE R B A o3 A1 1 S S0P R 4 AR
JEHE A13, A21, C4, C48, C80, D43, F64 Fi H62
Py 52 AW 5 v I e 4 A EL S8 AR AR B R E, JL b 36
HEAL3 A1 A21 73 5l 52 Hal SOSCER) S S TN 6 L4
B AEPTAT SCHE R AT A7 A JEAR I A 2 S0
HHIEL. —JF % Bl4, C8 FIl C77 H AR H e P
USRI A% A AL gt A8 20 0 LA FLC
C/G LR AAF AL Bk, A8 T Lk w] B 77 5l
DB ST (0 AR 5K B 5 Tl AE AN ) SCE PR T 7 L
ot A5 i 7 S (161 4) &

ARG AR LRI Hal 5ol 3 51 J2 3L A
Iy A 3L RAE R, 1R T g v N R
Halobacteriovoraceae (& 3) , '&415 5 4k 4 4~ BALOs
R A% 2B Ak e 51 22 S 3 il o 8. 82% (e 1 K 1T B
Bacteriovorax stolpii Uki2") . 10. 85% W
Peredibacter starrii A3.12") \17. 45% (fE W 1 9K 1 A}
Pseudobacteriovorax antillogorgiicola RKEM611") il
19.06% (1% 58 % Bt Bdellovibrio bacteriovorus HD
100") , BT MG 55 55 3 347 bk 8 5 1, g o6k Wk 1 9 T
HEA T AR 5 ARG 10 R TE OB R SR G OC R B I
7 5 1 BT R R B A 0
2.5 AEINESHEMESH

AW Per SCHE A E 5O J3 S /£ GenBank XF
X 5 FJ648610FJ648643  FI KR153975-
KR153989 . MM HE #1273 #r Per SC I 2 K L1 L
L& OTU /K-F F 58 4 — B AR L (R 2) -
8 A Per AL 28 AN sl A2 A, JLH A 16
MREAGRE PR E—)F5 (K 5) .
o % palls pe3. pel6. pf75 SEIZCEBE A3. 12 AL
B (1 R] B IR AT O P A B AR AT A 98. 5% 1A 8L
IR B2 A7 B pa9 AN pb8 L5 R B IR v B
%) SSmCB08-82 ( AB176243) F1 236 (EF188429) 7
98. 2% [ AHAUACY 130 — A 73 A, P AN 73 B 2R
T A3 12 25FE. A3, 12 Z8FER Per B CFEEE 2 11
PR, DA R BB s iR A, B, E, G SCEH
WAL, IF HAECE B, E, G i858 (K 6) ,
R 6 B B 11 4 AN IR 3 S 18 o oK g A I 2 (G
D, H) 8 R 2] — A v b (F) .

AWFFE S v bE 74 (pal2, pe24, pe50, pd6s
1 pd79) 5 Ik 5% 9% 75 % ARTE4 265 (GU230385) Fl
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SBXY 5713 (JN430389) J3* 41| — [d] 41 i Per i 3C %
AR pal2 o Br G SCHESb, pal2 FBEAE T
A4 SCPE AT o0 A, HoOE BRI AR €, D, H
SCPE K e AL 35 HERT B SCPE (K58 3 AR5 (B 6) »
G181k 6 ALK K; IR K (pal, pa8, pad6, paS2,
pels pgld) A AHITFT v W 3 51 A EL 56 R i pk 11 (
5,08 6) , Jorp B pad6 & Per BSCEE A 4 AR
B, 4 S AASCE (D, E, Fy G, H) AR AE 14, H
£ D ST ORI 2 5 SEHE pa8 L Bh LB i AF i
A, B, E, G SCPERICHAERE ST 2 6 L3R
BAE CSCPE I BL— K, £ D, Fy H ST AR
W) B pal 2T A AR A B 2 E U
AL SR (HAE H AN G SCPER 23 59 A7 1 AN A2 A
v [ A R BEAG 0 4 AN IR SC R Hh 2 AR RS D 3 5 SR
pel JAE E, G, H SCFEHR RN 2], Hy N eI
HRE HBE paS2 I pgld 7355 AL A I G SR AL
PAFAE S AE F Al S O AR S R A I 3

pdl, pc7, pb2, pa2 1 pa5S [FH|# L K 5 K
IR R — ) (K5, & 6), o pdl 2
Per SLSCHE RS 3 P38, A £ B BRI 4 AN iR
M S Ui i # (D) 8088 2 fib 3 (C F0 H) 5058 3
P (F) AF7E  peT S RSO S BB, B T
FESCPE B A R A I 21 A 75 3G AR S0 A O A
Hornlsg D, € H SCPERIEE 255 3 M2 4 AR5 ;
pb2 HAE B A D SCHE AR IAAEAE, LLLAE E G 3L
JE AR L3 A7 78 s pa2 A paS 7350t A SCIE R 2
MIEE 3 AL, paS B2 E ORI S AL, EATEIL
ST ORI B 5 K AE G SO AR AR AE
BEAk, th 4 D AEPE LR (pbS, pd68, pg3, pe50) Al
11 ¥ — )7 %1 (pa3, pab, pa38, pbl, pbl4, ph22,
pb68, ph90, pc52, pc56, pd82) FL[E 4 i Per 3 JE
B AR AL B R 15 5% Bl e AT THE AN [R) ST BT o EE ] 4
P %S

RO REW L, FwE IR H oAy ME A g
JeRr (A3.12) 5 pbl FFHIEE N — A7 B i o R
B IR Ay I PP 81 58 h 53— K0 B P A R R
7 IR R B A7 B A0 B S g ) LA BHE
SR T A1 25 5 40 5 ok 8.89% (g &k Wik 1 5 1
Halobacteriovorax marinus SJ') +10.37% (W B K
B} Bacteriovorax stolpii Uki2") <18. 04% ({I W B 9K 14
F} Pseudobacteriovorax antillogorgiicola RKEM611")
F119.62% (1% I8 B Bt Bdellovibrio bacteriovorus HD

100") o MH: 5 B X R BR PR B A5 1 OB 4 A A
L b W5 B OB R O 2 06 R B % V), 0 O B R R
G KRBT .
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Figure 3. Phylogenetic tree of 16S rRNA gene of the Halobacteriovoraceae by using Neighbor-Joining method. Numbers at branch points indicate

bootstrap values above 50% . The sequences accession number in GenBank were shown in parentheses. The scale bar corresponds to 1% sequence

divergence. Uncultured clone sequences from this study are indicated by filled circles.
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Figure 6. Dominant cluster composition of Peredibacteraceae from shrimp ponds water samples. A, B, C, D, E, F, G, H indicated shrimp pond

IDs, and the “Total” denoted the total of the eight shrimp ponds.

1.5

(a)
1.0
0.5
<
o 0.0
[a]
-0.51
1.0
1.5 T
-2 1 0 1 2
DCAI
1.0
(b)
0.5 1
U
2 Fa ay
8 0.0 1
AB
-0.5 1
1.0 T -
-2 -1 0 1 2
DCAI

7. B£F OTU (a) K EF (b) K FRRAE T X KL 55 47

iRt BALOs B 45 #4948 B

Figure 7. Detrended correspondence analysis of community

structure and composition of BALOs in shrimp ponds based on

OTU (a) and cluster (b). A,B,C,D,E,F, G indicated shrimp

pond IDS.

O o A5 P REG AR A & BALOs 73 #t &
7 RS 240 1 a5 /N R I A SCE R AL 25 M R
GERF R AR “Fh 7o AHIETUHE 7R 10 45K % $ BALOs
EME U2 1 v IR S T IE R B o B 3, 7
i 72 5 9 BALOs 43 5 15 77 I 3 8 7™ ks A M T 1 32
TR K947 75 1T HL 2 29 55 2% i BT A 2 o — O —
Tifr 5/ LA AN K AT e 0 2 A [A] BALOs X 45 1214
22 5 SRk o o —J7 I, vI e TR IX 45 5 T 8
Fe (¥ B v N Kk b e By B R
I AN[R] BALOs [A) 6k = 5 - IX 73 B9 2 70 2 3 DT 9k
b 7 SUEFRE BALOs 7EXUZ P E#r S L2

W fa3hont W 43 At (DCA) S — F 8] % Hk e 7 2%
ALRE A 23 BT 0 G AE Dy i AR T B = e S () AT A
Bl I 2 W0 e e T AR AL 6 Rk 22 Sk ™ o A
ST LA 8 AR s Ay ) 5 0 3 B i FARE W2 4 A xR
s BALOs Fi e 45 # 41 o i sCBE 47 58 & 0 #r e 45 2R
EoR OTU AP L, 8 ANEF b, 8 i A7 + 39
JCHLFRIA 3 JH AL 2 B S BUAR A 6 ), it B
Kl B pH 22 35 #AK H: B B s A W R R 4y S YK
BECE 7)o ISR WA T O AN JLAS R 2 b 36 5 2
SN MR BALOs MR 45 44 21 i i de £ K 3R . X
5 Wen 25" Fl Pineiro %5 ™7 % 7] K ¢ i P 05 903
FH ORI 45 SR A2 — B0 AT 43 o B & B2 ) R it
PRIV V5 A 53 4 0 SIS A i v O o T ) 0 A A7 T B Y
Wi o AHFIT— MMES TR R, ik W OTU i
BB E M, Hal CEE Y Per X & Shannon £ £f
PFia Hi (H) R /INBE #h BE m I S AH Bofa 35, B 3R B
I Per 22 ¢ P 55w S 2 6 B B N Hal 2 4 1 5%



1324

Chongqing Wen et al. /Acta Microbiologica Sinica (2015) 55 (10)

50 Hal 5 Per &K1 5 BALOs ZREIE R NER
(R 9t 70 S T B0 W5 7% 25 9 7K Bt o g 5 0 g 9K
T R T I 7 A R R 1) T A 6 58 4 (E B R £ O
R o BALOs % FEPE 13X Ff L % 76 K FF 85 b 2 75 3%
W AEAE R H A A2 B OHR LA kST 5T

PR 25 2R G T A B B S i 41 2 T 2 1)
it T S ANl B 110 0 25 25 1 ke s MEAE T . A
T Hh W B I T R SR KB IX, XT LA 5 R B R
SKBE B28 23 WISt Hal BSCEERISE 145 3 RIS 2 %
KB, 3L NS LL B K 47, 1% o LURE 6 T B SR i
VIS I BRI 5t 7% R TXC 2 Jal /K B 5 o B
Sy B BALOs ™, 75 48 K 22 HOH K it o 4 347
20U RE XTI K 7E R b b 4y B G .
B 3 A B3R BE pal2, A3, 12 il pdl 5 e
LA 1) 50. 3% o S L H 1) pal2 JEHE LT i 17 17
TR RE A3 12 S IR R H AT ME T8 R
SRR, LUZE A B 5T 56 B M 62 7 00 4 A UF e (A, B,
E, G) HARAAEAE . HIR, pdl HE 3 B2 A B 1 4
AR (C, Dy Fy H) AR #8 kB AR v 258 /K 3F 5%
T I S A T 0 I 0 3 3 A 3 A LA
ATAE, B T R A B A PR BE DR TR B Y
A A S G T A X 40 % R T R R R 45 b )
B it fo T A i S R TR 25 (AR — RS

FLZHVE ot B S I M AR Al s 7 VA K S JR v AR
AP FRAE . AT W) S 8 X BALOs Rl B 45
PR 2 BETE 56 535, R0k, 76 1 F) BALOs B ¥4 %
W 20 4 95 5 I 5 6 20 AR 4 R £ B 2% 4 1 2k T OE
TRl o 38 A7 7E TR v P U0 F A TR dn o e 4 G
SKBE TX R 1 UK B pal2, 76 B ¥4 % R g 7K 72 5t 41
VA g LV g, T O N A S R 1 AT A R A
75 W I 2K BE A3 12 0 pdd U4 5E T 36 2
o A58 e R A (P R v o dun SRR T R R A (i 5%
DLR) B vk K it £ 35 » 0 6 e 1 I
OB #1510 I A B 9K R BALOs T
Be RFEAVEF] o A B AL V2 PR LAl 1, 3 R [ M 456
FIR [7) 92 5 50 85 0F s BALOs b 8 2 RE 1k 2 H 5 4
VR RE 2 I 1) B M L 06 R BEATRT AT, B W TR
A0 1 W At BALOs £ YR 45 £, 4 % ] BALOs
37 ¥60 S 0 0 1 5 7 A0 LB R PR AR AR

AW i e B IR BRI KO it R B 9R
BALOs Z REVEREAT T HF 50, 75 T VF £ %7 1 BALOs
T e » 25 T PEE VI s DX 5005V 7K b v S A A7 75 8 i %2
R £ 5 I 7 IR 3 A A LA R 0 R o o 7

FRT SICERT 5 3K 9 S R 1 B 22 R A2 AR B s e i W, HL
PR TR 0] BE A7 A8 56 4 B AN K R X i JE 2 4F
PEWS 7~ A BALOs 71 UR L 41 B 25 25 5 8 A0 ) A 34
Py v T A A, g N BALOs [ 36 6 R 35 5 41 14 99
ERRAL T e K S, AR TR B ik
WA A B AR AL o R I o Ay 5 B 5 A [ P e B 6
Rt 995 JiE AT A 25 SR e G Ao 43 8 R 9 R B 7R 0
SICERT » 5% W) 75 93 25 SR 1) 2 DN 3R R AT 4 i KT S 4
TR ol AR 445 g Tt A B A D O 3 4 R R R AR S
5 SRR ol HE 22 B VR = B AT ] S I

2% JCHR

[1] Rotem O, Pasternak Z, Jurkevitch E. The Genus
Bdellovibrio and Like Organisms //Rosenberg E, Delong
EF, Lory S, Stackebrandt E, Thompson F. (Eds.) The
Prokaryotes (4" edition ), Deltaproteobacteria and
Epsilonproteobacteria. Berlin: Springer, 2014.

[2] Kandel PP, Pasternak Z, van Rijn J, Nahum O,
Jurkevitch E. Abundance, diversity and seasonal dynamics
of predatory bacteria in aquaculture iero dischange
systems. FEMS Microbiology Ecology, 2014, 89 (1) :
149-61.

[3] Dwidar M, Monnappa AK, Mitchell RJ. The dual
probiotic  and Bdellovibrio
Bacteriovorus. BMB Reports, 2012, 45(2) : 7198.

[4] Wen CQ, Xue M, Zhang JY, Huang Y, Zhou SN. The

antibiotic ~ nature  of

detection of Bdellovibrio-and-like organisms in commercial
preparations used for aquaculture. Journal of Fisheries of
China, 2009, 33(2) : 326-333. (in Chinese)

WP, BEW], TR, BE, M. K IR A
SICERT 2 AR A 1 AR R R . K A% 4R, 2000, 33 (2) ¢
326-333.

[5] Cao HP, He S, Ou RJ, Hou SI, Gao XH, Yan XI.
Progress on Bdellovibrio bacteriovorus used in aquaculture.
Progress in Veterinary Medicine, 2013, 34 (1) : 86-90.
(in Chinese)

B, AT WA, =3, wete, MsEIR. K
7 W TR O TR T S 0t e B A B Ak e, 2013, 34
(1) : 86-90.

[6] Davidov Y, Jurkevitch E. Diversity and evolution of
Bdellovibrio-and-like organisms (BALOs) , reclassification
of Bacteriovorax starrii as Peredibacter starrii gen. nov. ,
comb. mnov., and description of the Bacteriovorax—
Peredibacter clade as Bacteriovoracaceae fam. nov. .
International Journal of Systematic and Evolutionary
Microbiology, 2004, 54 (5) : 14391452,

[7] Pifieiro SA, Williams HN, Stine OC. Phylogenetic



U 5 DA WG /K AR it S % R 0 IR 2 AR A i 2 RE A /3R A 22 4R (2015) 55 (10)

1325

[8]

o]

(10]

(1]

[12]

[13]

(14]

[15]

relationships amongst the saltwater members of the genus
Bacteriovorax using rpoB sequences and reclassification of
Bacteriovorax stolpii as Bacteriolyticum stolpii gen. nov. ,
comb. nov.. [International Journal of Systematic and
Evolutionary Microbiology, 2008, 58 (5) : 1203-4209.

Koval SF, Williams HN Stine OC. Reclassification of
Bacteriovorax marinus as Halobacteriovorax marinus gen.
and  Bacteriovorax litoralis  as

nov., comb. nov.

Halobacteriovorax litoralis comb. nov. ; description of

Halobacteriovoraceae  fam. nov. in the class
International Journal of Systematic
and Evolutionary Microbiology, 2015, 65(2) : 593-597.

McCauley EP, Haltli B, RG.

Pseudobacteriovorax antillogorgiicola  gen.

Deltaproteobacteria.
Kerr Description  of
nov., sp.
nov. , a bacterium isolated from the gorgonian octocoral
Antillogorgia elisabethae, belonging to a novel bacterial
family, Pseudobacteriovoracaceae fam. nov., within the
order Bdellovibrionales. International Journal of Systematic
and Evolutionary Microbiology, 2015, 65(2) : 522-530.

Pineiro SA, Stine OC, Chauhan A, Steyert SR, Smith R,
Williams HN.  Global
environmental saltwater Bacteriovoracaceae. Environmental
Microbiology, 2007, 9 (10) : 2441-2450.

Wen CQ, Lai XT, Xue M, Huang YL, Li HX, Zhou SN.

survey of diversity among

Molecular typing and identification of Bdellovibrio-andlike

organisms isolated from seawater shrimp ponds and
adjacent coastal waters. Journal of Applied Microbiology,
2009, 106 (4) : 11541162,

Xue M, Guan ML, Wang FY, Wen CQ. Comparison of
two media for isolation and diversity analysis of marine
Bdellovibrio-and-like  organisms in
system. Microbiology China, 2014, 41(9) : 17234732.
(in Chinese)

BEH], GBI, W, WA K. PR R IR 2 06 IR
B VR AR A 0 B ML 2 R . A e
], 2014, 41(9) : 17234732,

Li N, Williams HN. 454 Pyrosequencing reveals diversity

shrimp  hatchery

of Bdellovibrio and like organisms in fresh and salt water.
Antonie van Leeuwenhoek, 2015, 107 (1) : 305-311.
Williams HN, Pifieiro S. Ecology of the predatory
Bdellovibrio and like organisms // Jurkevitch E. Predatory
Prokaryotes. Berlin: Springer, 2007.
Peng ZH, Cai JP, Wu B, Yuan ED. Isolation and
characterization of Bdellovibrio strains from the ocean.
Acta Microbiologica Sinica, 2008, 48 (11) : 14254431.
(in Chinese)

SR BRRMG, RUK, RIR. PR VR A T Y
Ty S T B Bk A Al 2008, 48 (11)
1425-1431.

[16]

[17]

(18]

(191

20]

1]

[22]

(23]

[24]

5]

Davidov Y, Friedjung A, Jurkevitch E. Structure analysis of a
soil community of predatory bacteria using culture-dependent
and culture-independent methods reveals a hitherto undetected
diversity of Bdellovibrio-and-like organisms. Environmental
Microbiology, 2006, 8(9) : 1667-1673.

Koval SF. The Search for hunters: culture-dependent and
-independent methods for analysis of Bdellovibrio and like

organisms // Jurkevitch E.

Berlin: Springer, 2007.

Predatory Prokaryotes.

De Schryver P, Defoirdt T, Sorgeloos P. Early mortality

syndrome outbreaks: a microbial management issue in

shrimp farming? PLoS Pathogen, 2014, 10 (4):
€1003919.

Chu WH, Zhu W, Kang CT. Isolation, identification of
marine  Bdellovibrios and its  effect on  Vibrio

parahaemolyticus. Microbiology China, 2009, 36 (1) :
2024. (in Chinese)

AR, R, HEARVE. W 0E IR A 2 1 A e G
XTI LI R A T Bk ) o AR, 2009, 36 (1)
2024.

Richards GP, Fay JP, Dickens KA, Parent MA, Soroka
DS, Boyd EF. Predatory bacteria as natural modulators of
Vibrio parahaemolyticus and Vibrio wvulnificus in seawater
and oysters. Applied and Environmental Microbiology,
2012, 78(20) : 7455-7466.

Wen C, Xue M, Liang H, Zhou S.

potential of marine Bacteriovorax sp. DAS as a biocontrol

Evaluating the

agent against vibriosis in Litopenaeus vannamei larvae,
Veterinary Microbiology, 2014, 173 (12) : 8491.

Li H, Chen C, Sun Q, Liu R, Cai J. Bdellovibrio and
like organisms enhanced growth and survival of Penaeus
monodon and altered bacterial community structures in its
rearing water. Applied and Environmental Microbiology,
2014, 80(20) : 6346-6354.

Zheng TL, Cai LZ. Investigation of the role of Bdellovibrio
in shrimp pond ecosystems. Marine Sciences. 1992, 16
(1) : 7070. (in Chinese)

R L. I B AL 0F v A 25 R b AR AT
IR, 1992, 16 (1) © 7090.

Xiao ZM, Xiong SL, Yang JF, Chen CF. Distribution
analysis of the functional Bdellovibrios in aquaculture area
of Ningbo Xiangshangang Bay. of Marine
Sciences, 2007, 25(3) : 50-58. (in Chinese)

HEM, BME, W07, BREAMR. Folik s X
Ty e 1 0 I RR 199 3 Al AL S VE SE BT, 2007, 25
(3) : 50-58.

Hill MO, Gauch HG. Detrended correspondence analysis:
Vegetatio, 1980, 42

Journal

an improved ordination technique.

(1/3) : 47-58.



1326 Chongqing Wen et al. /Acta Microbiologica Sinica (2015) 55 (10)

[26] Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Teughels W. Development and performance of a
Kumar S. MEGAS.0: Molecular evolutionary genetics quantitative PCR for the enumeration of
analysis using maximum likelihood, evolutionary distance, Bdellovibrionaceae. Environmental Microbiology Reports,
and maximum parsimony methods. Molecular Biology and 2009, 1(4) : 228-233.

Evolution, 2011, 28 (10) : 27312739. [29] Pineiro S, Chauhan A, Berhane TK, Athar R, Zheng G,

[27] Zheng G, Wang C, Williams HN, Pineiro SA. Wang C, Dickerson T, Liang X, Lymperopoulou DS,
Development and evaluation of a quantitative real-time Chen H, Christman M, Louime C, Babiker W, Stine
PCR assay for the detection of saltwater Bacteriovorax. OC, Williams HN. Niche partition of Bacteriovorax
Environmental Microbiology, 2008, 10 (10) : 2515-2526. operational taxonomic units along salinity and temporal

[28] Essche MV, Sliepen I, Loozen G, Van Eldere J, gradients in the Chesapeake Bay reveals distinct estuarine
Quirynen M, Davidov Y, Jurkevitch E, Boon N, strains. Microbial Ecology, 2013, 65(3) : 652-660.

Diversity of Bdellovibrio-and-like organisms from shrimp
mariculture ponds in Zhanjiang

. 1 . 1 . 1 .. 2%
Chongqing Wen' , Ming Xue , Huafang Liang , Shining Zhou
'Fisheries College, Guangdong Ocean University, Zhanjiang 524025, Guangdong Province, China
?School of Life Sciences, Sun Yat-Sen University, Guangzhou 510275, Guangdong Province, China

Abstract: [Objective] Bdellovibrio-and-like organisms (BALOs) are small-sized, parasitic bacteria that rely on other
Gram-negative bacteria for survival. Our work aimed to characterize the community diversity of BALOs associated with
tropical shrimp ponds. [Methods] We collected water samples from eight shrimp ponds culturing Litopenaeus vannamei,
in Zhanjiang, China, and extracted total DNA of the samples. Then the 16S rRNA gene clone libraries were constructed
following PCR amplification with BALOs family-specific primers. The community composition and structure of BALOs were
further analyzed based on phylogenetic analysis. [Results] A total of 726 and 664 valid clones were obtained from the
16S rRNA gene libraries of families Halobacteriovoracaceae and Peredibacteraceae, respectively. Subsequently, they were
respectively grouped into 68 and 44 OTUs (operational taxonomic units) at 99.5% sequence similarity, and assigned into
37 and 28 clusters at 97% similarity. For the Halobacteriovoracaceae libraries, most clusters were so far uncultured with
the exception of 5 members, which accounting for 43. 5% clones. And the cultivable cluster IX and the uncultured cluster
B28 were the first and second dominant ones respectively. For the Peredibacteraceae libraries, the cluster pal2 and the
only cultivable cluster A3.12 were the first and second dominant ones respectively. Notably, the values of Shannon
diversity indices of Halobacteriovoracaceae and Peredibacteraceae tend to be reversed with the change of salinity, but the
total BALOs diversities among the eight shrimp ponds were similar. [Conclusion] Shrimp mariculture ponds in Zhanjinag
harbor a high diversity of BALOs comprising of Halobacteriovoracaceae and Peredibacteraceae, and salinity affect their
community structure and composition greatly.

Keywords: shrimp mariculture pond, Bdellovibrio-and-like organisms, Halobacteriovoracaceae, Peredibacteraceae,

16S rRNA gene, diversity
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