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5 B 53T SRR B K AR B A

B, %, HERE, REF, KEAL,
Ea#, MH%E, BERK

(7 RMGFERFIK = EBE, TR WL 524025)

WE: yTHRANENTEFENEY R AR REREH SR Eh, ZBXA
[lumina MiSeq = & & M /7 A 4 20 B 16S tDNA V,IX , B 4 k£ & VHI(NS). &k 1T #
(Z2)« Fdr T H(MD) 5 1745 T (P B oy KR B R ME. 4 R Bor, AfRE # Shannon %
BUIEHR YR L T REEFA, TPiclousy 47 F 48 ML AENSH M 5 4, HEH LM EAR
Beit. B HE, TWE T AL h 5 H #(50.0%~88.0%), A H4F##H AN5E|
PLW B2 B 524.2%. 61.6%. 43.3%F151.8%; AT 174 & 8 £ F$H>9.7%, H )5
WA IL5.3%~16.9%h %04 TE3INM & BE®E TERINNAM N H K5, H U
MAERNE, FELHE5.6%. 37.6%F10.8%; TMHRME TR EPLE KN Hh %
(53%) BHHAGBZCHBEZEGEA TKE. BoH®. BREWH. THRBFEM2N0 %
KRERBMMK. TRAKABREGE LMD ST, ENSHAERL XA TEINMI&.
FEHBMMAREERREEFEEERDRAD, S hEHEEEI X ETOTUEELH L L E
. HREXN, LAEXNTRREE M ARERMYERLERENXRTALES, H
FROHBOBEEDEGEFABRESEFAREREERR, THIMNTEFEHRET S @

B AR T T B9 O 2 SR BHR AR

REIA: AR ACRER; BEH, MW S RN, BRENF

hE 7 S: S 968.2

FLAN 35 X} B (Litopenaeus vannamei), XK
LHEXIF, FAREE, ZHAHAEENTZ
FRFE 0 H AR AR KRl n] HRE 2 K TR Y
[F) R O B B AR, AT R B E R R
HRE KRR SR AR X S P, B 0 ) A 2 4 K
H 4w mm, m bRk 5% % A HE i 4 FR
B, K5 AN R T S BOK K &R
i 5K AL, 1 R AR T VR T ROAE AR
L O Ny N = o A IR = D Raly W O
B, BR T HGEARFNET . HREVE TR, 5
B2 R 2R 0 H2 AR AR A W i v 0 AR S TR AR
AT 4o KIKTERFEE A S ZHEHAR KR
J&E B 52 e 4 K 5T R 37 GE sh ) AR R . A R T e

I FS BHA: 2016-02-24 &R BH: 2016-08-27

MEAREE: A

TSI TR A 5 22 R A B R UL T LA X R AE Y Y
KW SN Ak, I 3B SRR R KRR
5N & (Vibrio) . 5 & W J& (Leucothrix) Fl 22 B
W& (Thiothrix)E", 53— 5, 1E# FRFEK AR
S R EP S A R AR, XU
BEAED G PR . A . AR BT RT 5 44 R
BDRGFE T IRE 2 XEZEMERS,

A X IRE B K A R] B SR AR 0 R
ST 55 ¥ A A O A mE e, T
A A R R T TR S KR TR R 45 A AR A Y e
FEXF D, ALK B PS5 PRI W en 55 PV i) 48 M A
JE ¥ 1 H VK (denaturing gradient gel electrophoresis,
DGGE)/ 55 T %5 85 22 X PLYA T X MR AT A By Bt

BHMTE: EHEKARE R4 (31372536, 31502189); 77544 Lz v+ %1 T H (2015A020209160)

BIEEE: ISP, E-mail: chongqingwen@]163.com
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TR i T %o ML 490 Y o O 7 R 00 KA T
I Xue U425 &5 DGGEMI ) B 15 3% 97 240
T FLAA X M St K AR A AR A, IE o
) SR AR, X AMIE, REET
WL B B 35 F/s DGGESS Jai BR M4 7 A A5 24 5
A, FRE A I AR /B 5 B 5% U S A A W Y i
SAE O, XE LR AR TR B 45 4 2 R e R HL
BRRAE . S JLAF T R Rk
G T KRR Ry B o R A A Y R B R Ak R
WA M EWHEN WA A Z R, ol
SR 7 3 R Al KT L 22 ERE G ) 9 S AT B AR
9%, WRIE T RS AR,

XTURE f A, g R AR R 2SR
Z WA L BOK AR RS TR 7 I 8, XS R 2
A KA B S A 1) 5 AR Al 4k s R
YEF TR R TG, H T i B g5 4 i
R 2 R AT o A S 503 A v I X AL
YR 6T I &)y A S B R T A e K (R T AR Ak E
P03 BT, LLT fife oA 465 4 A8 A R AIE B Lo 7
TR A DA, ORI GO AN T RN I 4 A
j%ﬁté%

N =" o

1 M5 T5E
L1 BEFHMKERSE

20144E 1 7 T Z5 WE VT A BB X MR & 1 37 1
— A N E B (5.0 mx4.0 mx1.6 m), 7K{K20 m’,
B KL IERMPEM 1 ~ 5 pm)id JEVITE E
Fe BT 5 KRN A 20 mLFF S 7, BRI dE,
P80 TC R S 5 R PL 4 T X MR TS Y T (N3) 4
A, DRPIIR % 200 2 /L, T R K AR 2k
WA, Mk & BRI N VNG, IR
Wk AR R s R T (Z2)5 BB, 15 I e 3
¥y, B B4R BRIE T 0T (M2)RS 4k 22 4%
ML i R 7 £ ] s 48 N T4 R BP# (& & 2R
IR, IR . AR YRS, &,
KA HPUAE R ML A2, SiiifdEiE,
RIFIG:, AFUF VPS8 R 75%.

S ITERR 4RSS 12h, 2d. 4d. 8d, HJ
90%Lh Ak & E =TT VIINS), z2. #iF
I HI(MDFAFER T #1 (PR EKEE, LINS,
72, MUMPHCR S IARE M 5 o B O it 4
PSR AE6 LK AL R 4148, 1 hiNis
IS 2 LR Mg L4k, PRI LKEEZ:022 pim
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TENRILIE, FrfSUEIEEAE 20 °CHEDNAREL,
1.2 FEIERETFIEN

B KR R B R pHAM 25 7E SR A I B B
TR BB RIpHI I, A4 A5 B R
FR . T EE(COD). 2 A (NH;-N)FE A R
ANOLN)F 7% (A MEMBLTE ) 54385y . 1
IR HT(GB 17378.4-2007) 7 sk %, B — & ik
IR MK HEMBR EZ M E , BOFBERR

1.3 JKHEEE B DNAZEUFIPCRY 12

F HIOMEGA/Z\ 1] Water DNA Kit (D5525-01)
iz HAR A UG IR B B8 R L A OK AR L DNA, B
B A R A R, PR PR IR VU I DNATE &
fE—if, LIPicoGreeniZ X Fr #EDNAKE ™, Fft
A FE A DNAFRG B 22 ng/uLA/E A DNA, LI
B4 16S IDNA V4X 5| 99" 1 & FE AR DNA, -
B VAIX 85 #515F (5'-GTGCCAGCMGCC
GCGGTAA-3")F1806R (5'-GGACTACHVGGGT
WTCTAAT-3") I #::3 Fnll iy 519 7 51, 7
519 75 5 846 0 ~ 7758 3 ¥ spacer i 51 FH
DLBE i s e s, Mt R 51 4 b ) #A
124 [R]85 A bR 25 7 410 1 B — A A3 Uk
YR, PCRI N R Z Ry 38 55 V4% R 5% e 2 1
D5 AT . B3 S PCRIY P M 8 7= MR &
F—HEN, FELPicoGreenis: i T2 PCRIZ ) .
14 SEENFMBESH

P A 5T 2 FE it R ABAE & PCR™ 1) DL 55 JEE
IR IR )5 i i3 Qiagen’y 7] QIAquick Gel Extrac-
tion Kit (28704) I i el H #9 A B, i — A PicoGreen
FE RS, 8% FE R e R DOk A B BT L DY A B
5% i A F Illumina MiSeqilll ¥ 3F & % I MiSeq
Reagent Kit v2(500-cycle)5e Bl 7 o

Z: 5 ik 5% PR A T e I D 4 R e iR A T
AbPE, f% )5 tH UPARSERE 5 75 97 %A U LK I
He i 2 B singletonf) OTU (operational taxonomic
unit) 2 A 51 SC4 . 3# i3 RDP Classifier (http:/
rdp.cme.msu.edu/classifier/classifier.jsp) X} 2 OTUY;
RPN AT4r2%, i EzTaxon (http:// www.ezbi-
ocloud.net/identify) /@I NCBI (http://
www.ncbi.nlm.nih.gov/) Blast®e 7 #f — 16 1IF 53028
oo, FEHERADMAEM R OTU, i Rif H Xt
OTUZ Pl (resampling), i 45 FF i 4619 — EUF
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SIE, WO EETOTURY R BEM 4k, 1148 Shannon
ZFEMIEE, OTU 35 ¥ (coverage, O)fF AKX
C=1-ny /Nt 58, Horp NMUREEAE RS 19 A 805
VR, n RoRTEZRE it TP AU — 257 51 I OTUL

il it Excel ST FEaZEN T . H. B &
FOTUK- -7 e ocke, FExh AR —HEah F
G EJE=5.0%M0H T BORE ST BT .
i 1 R X 5 4 = 1.0% 89 OTUZH 1
OUEREL S0, JFXTAHOCOTU S B4 H 1 i 47 Bt
U X%F [ 43 HF (canonical correspondence analysis,
CCA).,

2 4k

21 EHMWFENEERFTHR

SR A I T A U St K R S R B P
RUFI/R . LI, dhoKiR e ade e ; pHIE
B FRAR; R ENSEIMIN 4E 554 5E . PTG
A MR, CODFER B BHIT FINSHF AL,
Ja . B IR R A 5 KAANH;-NAINO,-N
T EbER R T BT, BRI,
22 EMKEERE SN

X MiSeqill J7 Ji 45 B A F 5, 440 4l 14 48
FKAE LIRS 173 74655 = i &2 )75 . i 43 UPARSE
T2 A 25 B singleton il OTU R, 7E97%AH APk

K F3EARA32700TU, 147 14740750, X
OTUIFAN /AT B, BATI 2 E F 40 3 2 A
100517, 164049, 381-H, 701FHN054N g B4
QMY —HHOTUEE (1194) . BH®71). H
(631). WQRTMEZETTQ2M)KFE BB T2k
7 (unclassified) 751 ; LA, 7A91OTUE T3k
MEFH . MERAE4EOTUS, N5, Z2. M15P1
FE AT BB 5800 512435 122, 41 680, 29 842
F140 3405,

XF £ A it Y S ECRR AR R R L SRR
—HUT S % (29 842), [RIFEIN PR BE T 4 K i AR
RAFL199.9% 1 = 6 15 B (3R2), OTUR B ith &
FHA(E ), MNSHEIPL, KEEOTUS S S k&1
Fr#a#, X 5 ShannonZ £ M 48 B0 1kt #—
o, MiPielouy 5 FEHE PR AENSHY & 40, AR
3 IERAR T (e 2) o AT ULt K R B B 2 R
m H RS A, JUH AR GG TS (NSH)
72), VKATABPRT G MR P

2.3 EMUKRERGHAREL

A YA B BOKAR B RER A T B R £ T
WA (E2), Hrhp g £ =5.0%M %0/
525 ] (Proteobacteria) . 04T 5[] (Bacteroide—
tes). ZH ] (Actinobacteria) FlPJE i i 1]
(Verrucomicrobia), ZFJE B ] i 46 X 45 #4(50.0% ~
88.0%), JLLo-72JE B 4 (Alphaproteobacteria) Flly-

®1 BEKGBEERERTF
Tab.1 Main environmental factors of larval rearing water
KA HE/rC e - 12T A &/ (mg/L) R A/ (mg/L) TEAH R %/ (mg/L)
larval phase temperature salinity P COD NH;-N NO,-N
N5 30.5 30.71 8.09 1.37 0.12 0.010
72 31.6 30.82 8.02 5.35 0.36 0.014
M1 31.7 30.65 7.83 7.55 0.65 0.015
P1 31.5 28.50 7.75 6.19 0.79 0.020
*2 BEKFERZHEMN
Tab.2 Bacterial diversity in larval rearing water
KR #fE732K 98 OTU
water sample o L% BRI Pielou5 5] H54
number coverage Shannon diversity index Pielou evenness index
NS5 152 99.93 2.87 0.57
z2 138 99.88 2.51 0.51
M1 134 99.89 2.44 0.50
P1 161 99.91 2.60 0.51
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Bl 1 BEKEEBEOTURRZ
N5, Z2. M1, PIAIRRET LRV H, BRI ITH, HaF
Wik T W5 AF0F T kR . BUFEIE
Fig. 1 Rarefaction curves for the OTU numbers of
microbiota in larval rearing water

N5, Z2, M1, P1 denote the water samples taken at the larval stages of
nauplius V, zoea II, mysis 1, and postlarvae I, respectively. The

same below

MW TE R E BRI B, H AR A
AR B BT B BOR 2 5+

A TPHER — 82 DGR L35
(FE=5.0%), HH 2+ F £l (Rhodobacteraceae)
PALE X RS BAEZ2 . MIFIPL, NS B
SR RAFLIE3) o THEE T T B FH(Microbact-
eriaceae) MUK B4 1 ) 5 454 1€ 74 B} (Saprospira-
ceae)RIENSF FEHARSN, 12 HABI AR H AT
1, Hornl@MIFIPIRYSE 20 F . BhimRH(Alcan-
ivoracaceae) Fl g Fl KL & F} (Methylophilaceae) 43 il
SENSEALH I HAFRE, M7= G340 F B
AR VS . AT B Bk (Flavobacteriaceae) /& Z2 )
200 FRE, AR H Al 3 B DL — € e B
Roseibacillus B} H7EP1I LL5.3% 3 B L A7 1E
TEHABIA W F R AR0.1%., DL SRR,
TERE K A R v W00 2 T A A 22 = I
JERIER e Ay S

70

= JER T
total non-dominant

80 PEE]

3 Verrucomincrobia
<8 LT
<3 60 Actinobacteria
™5 o UFFET
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T 40 =y B 2N
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e » BB TN
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Fig.2 Relative abundance of dominant bacterial phyla

P1

in larval rearing water

AR I 1 49 (Gammaproteobacteria) iy ., W& 1E
N5, Z2, M1, PIHFEINHK27.5% ., 62.1%.
44.8%. 52.8%546.6%. 10.2%. 3.3%. 6.2%, It
Ah, B-ZEJE T 44 (Betaproteobacteria)7E NS
13.6%01 i £ B2, AHAEH S 3 E R,
FFRT TR A4S B B 2 BE 38 T9.7% R T TBRTE
NSFFE(0.9%) B AR, 75 5 34> B Be 34 2y 4l 35
I, JUHRMI A i538.3%, LKA T 1{XAEPT
PL5.3%0 F BE DL RAFAE , T A H A 340 30 o B2 AT
INTF0.3%. BEAh, BR A EERAR (0% ~ 0.3%) 64>
EMHBCHITTIN, HA0.1% ~ 1.5%H9)F I 1ETTK
F I A Unclassified. LA 3R, ASEIZHARRY Bl

http://www.scxuebao.cn

B3 FHRKFARBAENENEE
LAFH R 2. MR R 3. &R 4 RIRIEE AL 5. 3
MR 6. BEHIEEFL: 7. Roseibacillus_fF}

Fig. 3 Relative abundance of dominant bacterial
families in larval rearing water

1. Rhodobacteraceae; 2. Microbacteriaceae; 3. Alcanivoracaceae; 4.
Saprospiraceae; 5. Flavobacteriaceae; 6. Methylophilaceae; 7.

Roseibacillus_f

HAF i WIKAR R RETE 8 KT SRR AR
A 124>, Hd 54K Unclassified)& (K14). A
7] B B fe A A AR L B ¥ A [\, N5 Z2,
MI1FIP 1 A 3@ 43 51 b 8 ot 1 & (Alcanivorax)
2T FF 1R B o0 28K 8 8 (OTU3M i) R B B3
FKE J&/ (OTU2H 1) Fl it iy 1 J& (Marivita),
B2 A AR AR 1 30% LA 15 IR JE 43 51l 2 g
FL T J& (Methylotenera) . % 54 I & J& (Loktanella)
2 B B 25k %8 J8 Helicobasidium,, - FE #S#
1$10%. AR R T B & (Sulfitobacter) FIH 7R V5 A



54 BE OB, AR IR AT LN G B K S R R 45 R AR 789

J& (Donghicola) 5 Fo 43 54 J@ #8 HUAE F — A A e 3
oK /v IS U = & o N N R R e
B2 S R o VLR TR R 3 4 A 0 R i
1% & Vo i K RO RE, AR BESE RO T
BEQL 4G Loktanella . Marivita, Donghicola. Sulfitoba—
cter. Unclassified-OTU2# Unclassified-OTU3,

24 JKIKEBMBOTURES

ETHMAKKOTUR R4 Hr i o,
JPAF B =1.0%0TUA 324, HH — P slE
B BARAR ME — J& F IR A B (Vibrionaceae) ) OTU
(OTU38)(K5), iX331NOTUE + J& 78 & W K kB v
AR 32 90% , H ¥ 51 £ GenBank i 5% 5 A KU

aN5 =72 =Ml =Pl

N W
~ O

HIRT R %
relative abundance
o o

(o))

()

B4 BHEHAKEABARBREMNFEE
L. R B R4 255K B (OTU2); 2. A W R KA 2 R 1(0TU3); 3. iEm A m; 4. BhinE; 5. B wIRER;: 6 UHRR#HE;: 7. W
KW B 8. Helicobasidium; 9. 3 FF B Bt r 8K € J& (OTUT); 10. WEHIEF B ; 11. 4 F B B o K £ € B2(0TU227); 12.
Roseibacillus_fF} 73 25k & J& (OTU10)

Fig. 4 Relative abundance of dominant bacterial genera in larval rearing water
1. Unclassified Genus of Microbacteriaceae (OTU2); 2. Unclassified Genus 1 of Rhodobacteraceae (OTU3); 3. Marivita; 4. Alcanivorax; 5. Loktanella;
6. Sulfitobacter; 1. Donghicola; 8. Helicobasidium; 9. Unclassified Genus of Flavobacteriaceae (OTU7); 10. Methylotenera; 11. Unclassified Genus 2 of
Rhodobacteraceae (OTU227); 12. Unclassified Genus of Roseibacillus_f (OTU10)

i3 color key

6420246
{& value

OTU_8 (KU721112) Saprospiraceae, Unclassified Genus
OTU_227 (KU721137) Rhodobacteraceae, Unclassified Genus
OTU_23 (KU721127) Rhodobacteraceae, Sulfitobacter
OTU_11 (KU721115) Rhodobacteraceae, Donghicola

OTU_5 (KU721109) Rhodobacteraceae, Loktanella

OTU_3 (KU721107) Rhodobacteraceae, Unclassified Genus
OTU_1 (KU721105) Rhodobacteraceae, Marivita

OTU_2 (KU721106) Microbacteriaceae, Unclassified Genus
OTU_6 (KU721110) Saprospiraceae, Helicobasidium

OTU_13 (KU721117) Microbacteriaceae, Rhodoluna

OTU_12 (KU721116) Flavobacteriaceae, Unclassified Genus
OTU_20 (KU721124) Flavobacteriaceae, Unclassified Genus
OTU_14 (KU721118) Rivicola_f, Rivicola

OTU_19 (KU721123) Pseudoal d: Pseudoall
OTU_15 (KU721119) Gammaproteobacteria, Unclassified Order
OTU_28 (KU721131) Betaproteobacteria, Unclassified Order
OTU_27 (KU721130) Bacteria, Unclassified Phylum

OTU_10 (KU721114) Roseibacillus_f, Unclassified Genus
OTU_16 (KU721120) Flavobacteriaceae, Winogradskyella
OTU_22 (KU721126) Cellvibrio_f, Unclassified Genus
OTU_37 (KU721134) Moraxellaceae, Unclassified Genus
OTU_7 (KU721111) Flavobacteriaceae, Unclassified Genus
OTU_4 (KU721108) Alcanivoracaceae, Alcanivorax

OTU_18 (KU721122) Teredinibacter_f, Aestuariicella
OTU_17 (KU721121) Pseudohongiella_f, Pseudohongiell
OTU_9 (KU721113) Methylophilaceae, Methylophilus
OTU_21 (KU721125) G p ia, U ified Order
OTU_25 (KU721129) Marinoscillum_f, Marinoscillum
OTU_38 (KU721135) Vibrionaceae, Vibrio

OTU_24 (KU721128) Alphaproteobacteria, Unclassified Order
OTU_31 (KU721132) Dasania_f, Unclassified Genus
OTU_36 (KU721133) Teredinibacter_f, Maricurvus

OTU_40 (KU721136) Methylophaga_f, Methylophaga

o

LA

M1 72 P1 NS

B 5 &tk BOTURE R E

Fig. 5 Cluster analysis of the bacterial community in larval rearing water at dominant OTU level by heatmap
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721105-KU721137, MIEIHR] DL, 4 ) 4 5t ] 2R
MR, HApNS g oy —25, mizZ25MI15EIH
I, HEPIRG NI 3, X RUINSKARHHE
S5k H5IEIN I 2Z R K, 22 5 M4 A
. YA OTUMRW R WKy, HhiiaR+
A EP M6 ML HOTU (OTUL, OTU3 .,
OTUS5, OTUIl, OTU23. OTU227)54r %)@ T ik
T 58 A 1185 185 7 B 19 OTU2 A OTUSSL: [w] 44 ol —
AT Ay 3, R B AT S iR A B BES LU
X F RS AE . HAR25NOTUH L)) — K
oy 3, HAFEAEARR R 2B WAL,
FHHOTU24, OTU25, OTU31, OTU36,
OTU38HIOTU40LH I 1) —4>/No3 3, ZENSHT LA
e A, WS 34 By BO D B & R
REARGI .

25 RBOTUSHEEFH#EX & 54

XL OTU B 5 & |3 W] A8 iy
WEEH T (3 . CODS5 NH;-N)JE AT 31715 X6 I 43
Mr&k B, #hEE50TU227. OTUSHIOTU74: 1
LB, CODSOTUI3MOTU2%E M 5 M #5i ,
IMNH;-N5OTU13% 8 A0 5 (E16) . XFCCAZS R i
175 Ff R % B K % (Monte Carlo permutation
test), BN permutestp& &5 3Fh 24 3% PR 7 %) 45
HKAROTUEJE W, NH;-N, COD5 &k & X

1 |
3710
a 1622
1.5 9 Pl
6 -1
104 387)s
40936 |
A 414 1
0.5 x5 2118, 20 ez
8 NH,-N
0 < 0
-0.54 227 23 2 ,f't“:'é:f{'ljl/)(k:!;
7 12 28
1.0 o 5 27,
salinity ZAZ 14 Ml -1
T T T T T T T T
-2.0 -1.5 -1.0 -05 0 05 10 15
CCAl

6 BEKAERBOTUSIMEREFHHTEX M o4
P 2 7 LR IR OTUS 5, B = My 4R 7 S i o B
Fig. 6 Canonical correspondence analysis of
the dominant OTUs and environmental factors in
larval rearing water

The arabic numerals in red denote OTUs ID, black triangles indicate

locations of the larval stages in the figure
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OTU &R W ) B € R 38 0.9720
0.972350.9746, FWX3NHFXHLHOTUE
A3 A ¥ TG 3 RS W (P>0.05)

3 iR
31 BEEKAEREEHTL

DN e - RO Wl AT ESE2 -a) S
fRER NS REA T RA SN E S
R, RS FLANIE TR E B PSHT B 261K 75%,
HLRE AT 1 09 0 AT ) nf L i R, e A
FE o BT 7R B 1 45 o BOK IR T B 38 S B s £
PEME, RUAEBZ AR IR ESRET
ke T RE R EEEAE o A IRNSH K A B B
RS YA EREC S TS, TEAT
JRR A F B IT RS SRS £ B d B X G
FIEEE3A W Br o NSRBI, 2h iR
FHE Mt B 2D 7K A TR S T 5 Ak B S B AR A
TR P S5 ) BN gl A Bf i 5] A TR BE, B2 0t
12 hiy 64 135 N 1T BUNS B RERRAE . N6 IR i
A IR F A 45 R LA B Z2 43 M i e AN AV 3%
M KA R, SRR S HE A LA
B 53 BE T WA 10 o fiff itk — 20 51 R K AR PR 5 2l
A5, N 5| S Z2 T8 B 25 4 4 A I G A o v
JE3AB B, Z2 5 M1 R & Y AT DL R A 8
50 W sh, oSS A FR AR S AL, PLEFIA
MM 2FF 4 VH R 2 AU PR AR Bl 5 IR,
HR B S Z2MMUA I 22 5, n] LK iR
PR RERE LR & B 5 R v 2 B G AR Ak

32 KEEERETSROBENEE

ARSLIONS KRB B LU IE T T Y a-
B-Sy-BIE AN FAUFF R T T 8 E . Z2TF IR B-Z I
SRS N i RS S (A (1D €5
MeE BT, HSoe-o y-ZBIREAMBATFET]—F
H KR RS A E AL . X 5 Xue S
i it DGGEMF 5T 75 — 1 3 1E % B i 0 5 T R E AR 1IE
AR, MR -5y I A ST
PR A T o ARSI 45 iy Bek ik, 4
FFRZEILI>9.7%0 & F BEAA AR, JeHAEZ2(20.9%)
5P1(23.3%) A G380, X ] (e -5 2 BT
HAEKMAFAEY S FINFg%ER. JLTHS
TS 5T 14 fig 70 %% VAR OGS iR T S BR FENS B
FE(0.96%)BARSN, BEY A KBRS, Jb



53 BE OB, AR IR AT LN G B K S R R 45 R AR 791

HAEMIN 1K38.3% . 45 TR B Al A K 7™ i
AL TR EE R YRS, DRI i T ) A R B L
H B S 2 X ) U i A D) BN K BT R I
EM . SR b, BIEHAEX R LEA
J R R, TR TS AR R R R R R U 2
TR, X AR AR AR W] BE 5 KR IR R I
LR A BRAR AR G, NoRT K & #1554 (4% /b
Hewt, KRG & &, IN6F IR M HELL 4%
M KRS IR EZ W LT, BB PR
() 14 5E 5 [m) I 4l AR B 1 S 28 M R R R AR
AT T 225 5 R W) R 3 P 34 AT, 3 17T 52 T
IKARTERE

BEKOE I, KRR S UL 30 R 20 FF R )
ZRHERE 2R S5 RS LA T H S
FE SRR oy SR/, 2R R, AT R
e A AR O P el SR, WRE AR 2RIk A
ARHE P BT Hh BUOR AT T 53 32 (Roseobacter
group) ¥ ik /7 7R i K A BE, RAFFHEFIRAIR L
(53 ST R 3N AR I KA T B 14 =1.0% 1Y
6B P EHANE H)E (Marivita., Loktanella .
Sulfitobacter. Donghicola)fl—“~Unclassified-
OTU3MME T %3, HEREZMAEZ2, M15
P43 515 56.6% . 41.3%15550.1%, W B3
FF R 43 S AE Bt KA 2 0 2B R A . I Sulfito-
bacterse & M IF A 52, REWS EAL LA .
R ER 5 ACE R £h 5, 2 5K B R I 5F
WRERE R Z AR XL G, Loktanella
Marivita#B /2 WK i w WASHE, 3 B g b 5l it
i, KRk s ", MR WX K7 s WA 3
9 5 25 A VE O HiAE . & F Donghicola e HJ& N
ol i AH OC Ty fig e 18 0 fF WL, {H Xue5E U OViE i
DGGEMFFT & B, Donghicola sp. 7t HAth FL 44575 Xof
IR IE R b B A BT BRI 4
RBEE F A TEEREXT IR i 8%, 1R ] AE
TEXTHFIE % B B B R OCHAE T, A OCHY
It A T 5 b 0T P K AR TN I AR B A= S T RE (R AR
P IRR

B £0AF BB Ah S IR € T R (Saprospi-
raceae)-5 25 #T [ B (Flavobacteriaceae) t & AH XTI
PRE U AT TR R L A B At i it
KRN, XA BEHERE T T, oK
R 2RO RRE KRR R B 5 R
H B ALY, 7tk 2 i A i DL i sl A
2RIk SRR S AT B ) A SR AE

WK AE BT S BEAI A, LK A 7= A A T PR S
JBi Ry X S B RS K A bt B R R A T AR TR
DA I 3 A S4B X R B T K IR AR R ST
BT RE A EEAEM . A AMMAT R AR S GOy
BT Y, RTENS £ AR AMN0.87%), 1E
72, MI5PIFE 5 51355.6% . 37.6%'510.8%.,
AT R R Z AR, AR R A RESE T
KRB, AR AR AR A AL, HAER
KA R AR R IR B ) R AR E
S RFRFAR

ULk, A AR FENSH A A, H
Jr Gk, BIPIATE E R REAG I . PR
FB-AE I 1A 44 1) W8 F L TR B o8 4 1 B —OTU 9
B, OTU9FF I J& T W8 JL T & (Methylophilus),
B2 N RS B R R, REAS DL
FH R o o8 — G R G 1 M i — B R R B JR A=
AJ A 22 v 7 AL dn R B R R R AR, T
UL 32 B A AT B A de ) FR T AL B K IR S AR
P00 3 I B, LI S KR PR I R R 85 e AR
MREET, 7 — 2R Ty WM &b
Bh, BNSHEE RS FRN31.9%), g H—
FOTUAK Y., 432 FOTU4FHE T B & .
B BE TR REAE LA il B AT A ) SR 32 e R Y B
B AR, AT R A% R R T BRI H AL
FEAIP IR b ] g 3 R — R K Ak 8% B
HORE O 8 SR AT AR KOO R F I R R B
B, BTN B AR R N % R T
YEM .
33 Kz LEBRIERIER

Hurts EMEEXTIRE P 2 M,
NG NP AV | s N I Sl P oS )
FE B FIOG A A0 T8 55 N R 209, (R S8 35 4 7
B KA O DURS 8 AR AR PR SL/E T . ST K
R REA B S B MRS R e % YA
O, TR R T PR TR R 6 AR A FL R
it AAUA B T &R b i 1 2 A 5 8
IAESEN, XEHES)E S5 RO e &
AR T A B R AR . 0 Sakami % P IE
F8 458 B4 W (Brachionus plicatilis)1F F A KR A
R 119 7K AR TR A 245 4 B RS ) AR K A2 4 o e
BE, HpheNKEERuegeria). W HAMEE
(Marinomonas)5 /N 5 T & (Nautella) ) H 31 ] 22
B 4E A K AL T RAFIRAS o Xiong % YR8 L4

http://www.scxuebao.cn



792 KorE ¥R

4%

T 0] BR S% RAY 18] 5 2% A 5 1 9 4 R R v 4 A
MRAR B YA OC, I & B3R TR Sy 1500095 3
LS R A0 TR R R B A BIESE R 8 1RSI
PHEAREI AR B, ofE—J8 Ti%RHOTU38
(Vibrio sp.){FENSH L0.8%F BEfE 7, £ 34
B BEARAR(<0.01%), 7K A Hh s i ¢ A A ) 2]
5 T TR R 22 TR JE AH OC 91 o 33X 26 X B v
Hhl L R TR T g T T B /D B R A T B, ()
R M AR S R TR . EAAR
SCE M RO R, RIRRSAEAE TR 3B B
B 61t 3@ (Marivita, Loktanella. Sulfitobacte .
Donghicola. Unclassified-OTU2H1Unclassified-
OTU3)r] RETE 4K K& & ML Fr i A S R G E
R EEAER], A Al AR R R O AR
A R R M TR R, AR T R A
Bail B45 Aoy B IR E WL T AR

Rt 2 BT 5 A S H A BT
BEFHEEAARARBAIAT &,

S

(11 WA, Bk, 5, & WIRE B 9% H e
W S M]. bt B R, 1999.

XuHS, Yang X S, Li Y, et al. Diagnosis and control of
bacterial diseases in Penaeid shrimp hatcheries[M].
Beijing: Ocean Press, 1999 (in Chinese).

[2] Vandenberghe J, Verdonck L, Robles-Arozarena R, et al.
Vibrios associated with Litopenaeus vannamei larvae,
postlarvae, broodstock, and hatchery probionts[J].
Applied and Environmental Microbiology, 1999, 65(6):
2592-2597.

[3] FAO. Health management and biosecurity maintenance
in white shrimp (Penaeus vannamei) hatcheries in Latin
America[R]. FAO Fisheries Technical Paper No. 450.
Rome. 2003,

[4] Bourne D G, Young N, Webster N, ef al. Microbial
community dynamics in a larval aquaculture system of
the tropical rock lobster, Panulirus ornatus[J].
Aquaculture, 2004, 242(1-4): 31-51.

[5] Soto-Rodriguez S A, Simoes N, Roque A, et al.
Pathogenicity and colonization of Litopenaeus vannamei
larvae by luminescent vibrios[J]. Aquaculture, 2006,

258(1-4): 109-115.

http://www.scxuebao.cn

(6]

[8]

[10]

(1]

[12]

[13]

[14]

Michaud L, Lo Giudice A, Troussellier M, et al.
Phylogenetic characterization of the heterotrophic
bacterial communities inhabiting a marine recirculating
aquaculture system[J]. Journal of Applied Microbiology,
2009, 107(6): 1935-1946.

Blancheton J P, Attramadal K J K, Michaud L, et al.
Insight into bacterial population in aquaculture systems
and its implication[J]. Aquacultural Engineering, 2013,
53:30-39.

ik B P, SR, DS, . PiA Fou TR IR B it K 44
T X R M sEm[I]. B AR 54, 2009, 20(10):
2551-2557.

Zhang L P, Hu C Q, Luo P, et al. Effects of antibiotics
on bacterial community in shrimp hatchery system[J].
Chinese Journal of Applied Ecology, 2009, 20(10):
2551-2557(in Chinese).

Wen C Q, Xue M, Liang H F, ef al. Evaluating the
potential of marine Bacteriovorax sp. DAS5 as a
biocontrol agent against vibriosis in Litopenaeus
vannamei larvae[J]. Veterinary Microbiology, 2014,
173(1-2): 84-91.

Xue M, Liang H F, He Y Y, ef al. Characterization and
in-vivo evaluation of potential probiotics of the bacterial
flora within the water column of a healthy shrimp
larviculture system[J]. Chinese Journal of Oceanology
and Limnology, 2016, 34(3): 484-491.

WuL Y, Wen CQ, Qin Y J, ef al. Phasing amplicon
sequencing on Illumina Miseq for robust environmental
microbial community analysis[J]. BMC Microbiology,
2015, 15: 125.

Hh A N R [ bR oI 1 B T 28 4 5653
JKIHT(GB17378.4-2007)[S]. AL 5t o A5 vk Hi fiett:,
2007.

State Bureau of Quality and Technical Supervision of
China. The specification for marine monitoring Part 4:
seawater analysis (GB 17378.4-2007)[S]. Beijing: China
Standards Press, 2007 (in Chinese).

Ahn S J, Costa J, Emanuel J R. PicoGreen quantification
of DNA: effective evaluation of samples pre- or post-
PCR[J]. Nucleic Acids Research, 1996, 24(13): 2623-
2625.

IREK, FIRERE, B, 45w il 5l 5 7 T DN A B
T AT I 3 A A R 22 D). R AR, 2016,
56(1): 130-142.



54

BE OB, AR IR AT LN G B K S R R 45 R AR 793

[15]

[16]

[17]

(18]

[19]

[20]

(21]

Wen C Q, He YY, Xue M, ef al. Biases on community
structure during DNA extraction of shrimp intestinal
microbiota revealed by high-throughput sequencing[J].
Acta Microbiologica Sinica, 2016, 56(1): 130-142(in
Chinese).

Kirchman D L. The ecology of Cytophaga-Flavobacteria
in aquatic environments[J]. FEMS Microbiology
Ecology, 2002, 39(2): 91-100.

Das S, Ward L R, Burke C. Prospects of using marine
actinobacteria as probiotics in aquaculture[J]. Applied
Microbiology and Biotechnology, 2008, 81(3): 419-429.
Pujalte M J, Lucena T, Ruvira M A, et al. The Family
Rhodobacteraceae[M]//Rosenberg E, DeLong E F, Lory
S, Stackebrandt E, Thompson F. (Eds.) The Prokaryotes
(4th edition), Alphaproteobacteria and Betaproteo-
bacteria. Berlin: Springer, 2014: 439-512.

Lenk S, Moraru C, Hahnke S, et al. Roseobacter clade
bacteria are abundant in coastal sediments and encode a
novel combination of sulfur oxidation genes[J]. ISME
Journal, 2012, 6(12): 2178-2187.

Mcllroy S J, Nielsen P H. The Family
Saprospiraceae[M]//Rosenberg E, DeLong E F, Lory S,
Stackebrandt E, Thompson F. (Eds.) The Prokaryotes
(4th edition), Other Major Lineages of Bacteria and the
Archaea. Berlin: Springer, 2014: 863-889.

McBrideM J. The Family Flavobacteriaceae[M]//Rosen-
berg E, DeLong E F, Lory S, Eds. The prokaryotes (4th
edition), other major lineages of Bacteria and the
Archaea. Berlin: Springer, 2014: 643-676.

Nielsen P H, Mielczarek A T, Kragelund C, et al. A
conceptual ecosystem model of microbial communities
in enhanced biological phosphorus removal plants[J].

Water Research, 2010, 44(17): 5070-5088.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Stackebrandt E, Brambilla E, Richert K. Gene sequence
phylogenies of the family Microbacteriaceae[J]. Current
Microbiology, 2007, 55(1): 42-46.

Trotsenko Y A, Doronina N V, Khmelenina V N.
Biotechnological potential of aerobic methylotrophic
bacteria: a review of current state and future
prospects[J]. Applied Biochemistry and Microbiology,
2005, 41(5): 433-441.

Kostka J E, Prakash O, Overholt W A, et al.
Hydrocarbon-degrading bacteria and the bacterial
community response in Gulf of Mexico beach sands
impacted by the deepwater horizon oil spill[J]. Applied
and Environmental Microbiology, 2011, 77(22): 7962-
7974.

Tavormina P L, Ussler III W, Orphan V J. Planktonic
and sediment-associated aerobic methanotrophs in two
seep systems along the north American margin[J].
Applied and Environmental Microbiology, 2008, 74(13):
3985-3995.

Xue M, Wen C Q, Liang H F, et al. In vivo evaluation of
the effects of commercial Bacillus probiotics on survival
and development of Litopenaeus vannamei larvae during
the early hatchery period[J]. Aquaculture Research,
2016, 47(5): 1661-1669.

Sakami T, Koiso M, Sugaya T. Characterization of
bacterial community composition in rotifer cultures
under unexpected growth suppression[J]. Fish Science,
2014, 80(4): 757-765.

Xiong J B, Zhu J L, Zhang D M. The application of
bacterial indicator phylotypes to predict shrimp health
status[J]. Applied Microbiology and Biotechnology,
2014, 98(19): 8291-8299.

http://www.scxuebao.cn



794 KopE o R 41 4

Characterization of aquatic bacterial community of Litopenaeus vannamei
larvae during hatchery period with high-throughput sequencing

XUE Ming, HE Yaoyao, QIUMengde, LIANG Huafang, CHEN Disheng,
WANG Liqun, LIU Yangfeng, WEN Chongging "
(Fisheries College, Guangdong Ocean University, Zhanjiang 524025, China)

Abstract: In order to characterize the bacterial community structure and diversity in rearing water of healthy
Litopenaeus vannamei larvae during hatchery period, the genomic DNA of aquatic microbiota from larval stages of
nauplius 5 (N5), zoea 2 (Z2), mysis 1 (M1) and postlarvae 1 (P1) was amplified with 16S rDNA V4 primers and
sequenced by a high-throughput Illumina MiSeq platform. The results showed that the bacterial Shannon diversity
index increased at P1 stage after declining gradually from stages N5 to M1, the Pielou evenness index at N5 stage
was a little higher than those of the following three stages, which were approximated closely. During the entire
larviculture period, the phylum Proteobacteria was overwhelmingly dominated in rearing water with high
abundance up to 50.0%—88.0%, especially, the family Rhodobacteraceae of which had high abundances of 24.2%,
61.6%, 43.3%, and 51.8% at stages N5, Z2, M1, and P1, respectively. Bacteroidetes thrived in various stages with
abundance higher than 9.7%, and the family Saprospiraceae of this phylum existed significantly (5.3%—-16.9%) in
the latter three phases. Actinobacteria presented also dominantly in rearing water except for the N5 stage, and the
family Microbacteriaceae with abundances of 5.6%, 37.6% and 10.8% for Z2, M1, and P1 stages, respectively. The
phylum Verrucomicrobia dominated only at P1 stage (5.3%). In the larviculture water, the core microbiota at genus
level consisted of Loktanella, Marivita, Donghicola, Sulfitobacter, and two unclassified candidates. Thus the
microbiota in larval rearing water harbored a high diversity and presented dynamic succession, which differed
obviously between N5 stage and the latter three stages. Overall, the main environmental factors in larviculture
water varied slightly and exhibited no significant effect on abundance of dominant OTUs (operational taxonomic
units). In conclusion, the bacterial community in rearing water of healthy L. vannamei larvae shifts in composition
and abundance with larval development and diet feeding. And the core microbiota with potential functions play an
important role in maintaining homeostasis in the larviculture system, which could serve as candidates for
autochthonous probiotics, as well as healthy indicator for shrimp larviculture.

Key words: Litopenaeus vannamei; aquatic microbiota; hatchery phase; bacterial diversity; high-throughput
sequencing
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