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WE: 20 LA E X (Litopenaeus vannamei) # K FRFA TR F K KA HEHE L BTN, AF R
* A Mlumina | J7 3 A 548 22 72 i B L4 3 3 K 5278 & 8 41 K KA & $E4T 16S rRNA & F & &
ENF . AE#ATARSHNE, FRELH. FATHEF, REANH -N) L% F 4 E(COD) % 3
BAEMAFESEBEEDR AN, BB @@ A2EET 19 H17.35 M4.80 A H 135 M. 254
MNE RHZFAAGRTAEHEEAGEN LSRN, EHEITRNAEITREAAN N £ EHhH X
B ARFANHAHARGFE - CWRDEEHARNTMME, FHAEES 67 X115 X%
HEEE AEFEARABEATMBRAGKAE MY 0.7%~63.9%), Wi HEHMEBERKE F
JE A SR B R AR K, T4 4 #1 (Redundancy analysis, RDA) X W , A EHE T Mk AWK FE T &
¥ ELE S HBREKEMECOD/NO; f COD; BIREAT UM A HE 8 E., &2, KFEW

FHTT A REY EHAREBENNEENE, RAAEFAREAREYENEREA L FH
LB R A LA E XTI R AR — RS E R
FKERIA : FLA % A 0T s B A A AE 8 £ A 5165 rRNA X & @ B0 75 AR E F

FES %S :5917.1 X ARERD A

1 515

JLANTEXTHF (Lito penaeus vannamei) R H B H 4
KPR PO RE 5 IR A VTR R W R S At
K SR P ) = R RO R 2 T
2011 4Rk 5 A BERATHR = Y 76 965 L FLANTE XL HR
FRPE LT 4l R A 5 AN AR BB, K2 3~4
MHBAERKEWIA WL B, 2589 5 18 K 575
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PRSFIEDR Ry )2 o B0 IR BE UL ) 2R
AR 00, 16S rRNA Rl B R €A T ikok
IRIE FLAN T 6T UF 35 5 A W) 2 REVE 53 BT, Zhang 55 &
IUAE FLAA AT UR IR 7K S5 500t v, 28 TR 1R 17 40 AT
SR A )RR TR T T K R A 0 11 2 B2 28 AR T
N N TN AR TN S TN N Y AR
SEUCRRY IR 1 2 B L (R AT X MR Vg 7K 53 5
BRI 1 O A 1) AF DGR S HGE L TR, FRATT A B 5T
AT LA AN X T 25 11 = 5 AT LG X i 5% 5
WS E W e 2 AR,

A FE R Mlumina 1= 38 5207 5 AR 5087 T L
2y o U v A7 Tt 5% B K A AN T 2 R T 1 3h A A Ak i
P IFHT T BE S KIS EM A E R, FE 4
HNG A BT 7 i T WR AN [] 55 G B 399 7K A TR R AR Ak B
T TATEUSE Wi X W 75 B 7K AR T A 28 b 1) R 85 X7, A
093 2o PR P A R L 2R B 3 5 U B B Ak W i
TESER ) B S DT F 28 %o 0 feke B 77 40

2 FPRAIRE

21 HEmEXRE
TR R R A T B L R R K SR
s[5 5, 0.9 B (1 B =666.67 m?),40 JTUF ]

(24°01'43" N,117°50'39"E) ., RAERF[E] Ry 2015 4F 12
H 24 HZE 2016 4F 3 H 24 H , BV iR 0 1 B 1 B 40
FET-LR-G " B MRS, SE 56 A 0 ok 3 M H . 7R B
B 2 m AR OB S 2 S SRAE S (ST AT S2, 58 131
KEA SI g0 A FH 285 e MR B K T Ak 3 A L3
Rk RE L R VR 3 2KEERE 3 L T IO R AR
L, R T 7 B (FRA S 40.59.67.77.95,
115,131 R O 13 DKIRFE S . SR MK 2 R
P5D&.S# ,P5 %R 5 Fith, D& R RAEERS 405, S
HRRNRAE S CRED . K EEST BB T A k4
(AR b A6 9 PR A7 IR 32 W SE 56 5 0.22 pom P8 8 3
UE L BE N T — 80°C ¥KAH FPARAE
22 KEBHEKN

R (DO) IR (T) ,pH 2800 1 X %% vk 17 8
Gk il o BN SR e s 53 8 3 AR BE s R AT I AL
SRR 5 4R J5 BOF B8 WA B2 £ (NO, -N) (fif i
HNO; -N) ZA(NH, -N) fb2#FH A B (COD) %S
A G I 7 52 58 3 v R AT A DN 9k e R U R A
HLYE ) GB/T 12763. 4-2007 F1 ¢ i V& ¥ M #L 95 )
GB17378.4-2007 HEAT , B RAE RUKFEHEAT 3 YA
WO 48 . K TdE bn KA 77 3% 1 s .

F1 FEKREERENS &

Tab.1 The main water quality indicators and test methods

52 5 H A IIRES
ok W A 485 20 AL (HACH, America)
i e e i 1 485 30V S (HACH . America)
pH AR AE#EC pH 3 (AZ8601. 515)
DIATENI &N GB/T 12763.4-2007 % — &%
TR £k GB/T 12763.4-2007 54518 J5i 7k
Bt GB/T 12763.4-2007 YIRFR AL
2l Ao GB 17378.4-2007 B 1k w5 4 IR 40 v

2.3 EFE4H DNA RE

HIH MOBIO 7K B 3 P2 $2 O] & (14900~
100-NF, PowerWater® DNA Isolation Kit) i 17 3
K20 DNA 42 5, $2 Oy K 20 DNA BT &2 F ik 2
A 1 %6 3518 W B it B 3k A nanodrop2000 #
ARG A L 2 A DNA 7R — 80°C 7K 4 h
AT

2.4 16SrRNA ERSEENF

PEEUAY I P 41 DNA 3% g 9535 AR W) B 25 BL 4
AHBR S AL R 518 338F (5'-3, ACTCCTACGG-
GAGGCAGCAG ) F1 806R (5-3", GGACTACH-
VGGGTWTCTAAT )M Xk i i 47 PCR 4738, 519
WSt A3 4% 5% B9 barcode ¢ 1, LA F 51 AS R B 7K Y
16S rRNA J:K 4 3 7 ¥y ; i 5 2% ] Miseq PE300 ]
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JFF &% PCR P29l ¥
25 WMEYSEMESHT

XoF I s B A AT PR L R 15 20O AR A
SR G T A RS ¥ A UM IR 97 26 1 ) B AT
OTU ( Operational Taxonomic Units) % 25, K H
RDP classifier D1 i 37 55120 % 97 06 40 LK 19
OTU RE ¥ 9 FEAT 73 26 2% 3 B IR AE % K F-Ge it
ARSI REEA MR . BT OTU R Hraik,
X OTU #4722 Z #1435 £ 3 A, W Alpha 2 4
PEFR B BT o e AE A AT RE TR A M S it
ST T R L E L #E4T unifrac 4 HrHY
i A KB R F 24T RDA SCBEAr M. 16 ik 2 #r
ML b HEAT — RAVBETR SR R 5L & IR
AW Ge it 5 Fel B4k 4 A

3 4

3.1 FHEKERKERSH

S T R K T 5 7K AR I 58 A TR R 22 A T 1Y
KFR G HEREEKFEHAT KB (R 2) . EFRI PG
W E AR YRR AR AS (6.0~8.0 mg/L) s LB
ARG B A 20 ~24.6°C , pH 4 5 75 55 B 1k (7.2 ~
7.5) AR ARH /N COD Uk 8 R, AR A Lol 6.9~
12.0 mg/L;fifREh A (22 b 24 0.96~1.49 mg/
L, A R 6 AUE 22 A5 L Ry 0.02~0.35 mg/L, & &
RAEAR LA K W Bh L 0.11~4.96 mg/ L., Hd il
AR B AR B, AR AR,
T 2 A v 7 SR G A R v AR b R R A T DA
(18 41 R 0 I e T

K2 FEMKRSHEMNTAETLER

Tab.2 The water quality parameters of seven samplings

%40 K %59 K %67 K 577K %95 K 115 K 131 K e 22

(STDEV)

R /mg+ L1 6.0 8.0 6.0 7.3 7.3 7.3 7.5 0.7740.64
WE/C 24.6 22.0 21.4 20.0 20.0 23.0 20.0 0.0440.04

pH & 7.5 7.4 7.4 7.3 7.3 7.3 7.2 0.0740.07
COD/mg « L7} 9.7 7.4 11.2 9.3 11.5 12.0 6.9 0.58+0.58
R Eh A /mg » L} 1.30 1.29 1.49 1.19 1.14 0.96 1.05 0.1240.11
WAHMR A /mg - L! 0.02 0.20 0.26 0.35 0.35 0.26 0.29 0.01+0.01
ABA/mg- L} 0.11 0.10 0.29 0.31 1.48 4.96 2.62 0.31+0.30

3.2 Ilumina F 3 & & EH)

K H Tlumina miseq 57 5 %5 R A/ 7 A1 [A]
SIS ANKEEEFT 16S rRNA JE PR i i &l 2, 13 4
FE i A A5 5] 823 363 F&JFH1 L )7 HI K BEAE 281~520
bp Z [B], B 5 1Y ¥ 51 %% 5 7R 55 449~73 485 %
Z 18] P S A5 3] 619 775 Sk B A AR RE L Y
JEANEE Ry 47 675 . B & b (B 1) s,
W 5 000 0 ) 38 S R il 2 R ks T T 28 R
IZ P 28 B R BB A% i Wi S 56 b 4T R RE TR 26
PR, $%88 97 WARBUE X OTU pEA7 R4y, A 55 4y
KT 0.99, BAFEMA RN OTU B HE 294~412 2
[, i3 Shannon-Wiener 224 14 5 K% 77 58 7K 1R 40
PR VE ZBEE R AT VAR L QD 1b BF7R L5 40 KA A
TR ) SRR ey o T4 67 AR A A ) 2 RE 1k

AR LA B ] A5 SR 4 A R A ) 22 R BB AL
33 ERAMEBESH

F 535 BT (Peoa) 25 5% W 7 (& 2a) , B4~ ) (1] 45
SR AR 1 PN B AR AR REAR I iy 3R 76— , Ud W A []
R[] R 4R 1) i O R A A TR R 5 20 A A DL PE B
Unifrac 270 Hr FIRLK V00 4 B HE TS Heatmap 43 #7
(F 2b,20) WAZ AL, b Ah, H A /K 7 /) 40 5 B V%
Heatmap 438745 55 B K 69 40 7 B 7% Heatmap 47
BT &t 5 B AR — B0, AH [R] B 8] 5 R4 19 P A 3 5 REAS AR
REAR 4 1 R AE — 2, AN R I i) 22 A k., (H 2, AT
B 1a) B 2z [ AT A — o B AR AL, 5 40.77.95 5 131
R 2Z 1) B 4 TR 2 B BL TS 67 K5 115 KA 1A 40
B AL
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Fig.1 Diversity analysis of 16S rRNA genes in different samples
a AN [L R i B 7 3R T 28 5 b 7R TR 5 1) 7 A i M 46 B3 =]

a.Rarefaction curve of different samples; b.Shannon-Wiener rarefaction curve plot of different samples

34 MESHFEHEK

TEARWITERFERN 7 AW ] A 13 ASHE b, A
WE 19 417,35 449,80 A~ H 135 AR 254 MR Y
M. J35h, KRB E M TSI BRIy 5 337 &, X
RUIFEA ARG KRR A ZERE . MR HE 5 &
A 0TI 22 1Y) reads B, 3 EESRE b Y reads BOR T
A reads £ 1020 9 1] 5E LR ARFATT . FE A 7] 57 5 B
WK B K v, 35 40 & (Cyanobacteria) | 28 T B[]
(Proteobacteria) LT I ] (Bacteroidetes) . %% ¥ 7 [ ]
(Chloroflexi) \JEf '] (Verrucomicrobia) | jilt £k & ]
(Actinobacteria) . & Ji /& (Chlamydiae) %4 7 1712 F
B HEREE 3.

R 315 40 T o 2L 13 PR RT 0 SR BE K AR v (1 46K 22
BOF AR LAHZE TAE T T AAUAT T (8 3) .91 B
X2 AT RFE R — e F 2R, Kb BB
FIFE 7 A SR AR I ) 5 T o 09 B A8 43 3l R 36,206
13.7%.22.7% ,44.6 %.38.0 %6 .29.6 %6 . 48.8 %0 , FE A
i o8 2 B 9 (Alphaproteobacteria) Fil y-48 JE B 4
(Gmmaproteobacteria) (] 4) , oA HNTES 59,115
R BRI (4300 8.5 %6 F1 9.3 %0) o 1 7E HoAth R
FE I 8] A F R B (AR 15,104 ~
38.170) v R H MM AE S 59,67 K F= FEHAL L]
G R 3.2 06 R 6,106 o Ho b SR AR 1 [] i =2 12 2 3t
o CEEEASAE R 9.3% ~20.1%0) s 3UFF BT THE 7 R
][] 53 B o 9 L 51 531 56.300.58.800.10. 7
40. 0%6.35.4%0.19.2%,37.9% , & 2 {0, 15 ¥ KT 1 24

(Flavobacteriia) 1 Sphingobacteriia (& 4), ¥ #T 1# 24
FESS 67,115 KB & F B 8 AR (4 51 R 6.3% il
40 7Y0) S T AE FA SR A Bof ] o5, = B 38 3 i o5 (3= 3 AR
1bh 23.1%~52.6%) , Sphingobacteriia 7 37 78 J& ] F
JE A v (4% B I) g 7 o5 Be 9l R 7.0%0.5.4%.3.2% .
2.6%.6.7%.12.2%,12.4%) . W& 40 B Ry 55 1 AR
b F AL B — A2 BE L E T A SRR ] 5 k Bh
KL B H 4 A 0.7%.3.4%.63.9%.3.6% .
16.8%.39.7%0.2.5% (& 3),

AR FEW [E] , 25 FT # B} (Flavobacteriaceae) | £T.
¥ B F} ( Rhodobacteraceae ) . Cryomorphaceae, Cya-
nobacteria_norank , J& #2 i¢ B F} ( Saprospiraceae) | £
#}(Rhodobiaceae) SF L # B (& 2b) . J I FA7E T 45
ASFRFARIIY O HIEAKR R ST RE . SFF BT TR 2
FF TR B TE A SR AE B B i D035 A5, i i L A9 7T 3k
48.0%0 HEE 67,115 KT (5 BN 2.5%0.1.5% . o
AT DR AR 11 2T VAR E A SR 0 11 -, 0 A A ) 1)
INE 40 K HEEAFIRERY 13.4 %0 FEAESIES 59,67 K
3N 5. 1% FESE 77 R X R LR HE (19, 290) ,
B J5 7RSS 95,115,131 K43l BEARE] 9. 4% . 4. 8% AN
10.7 % s AU BR G AEAFTF B T T A9 Cryomorphaceae |
Bl B, JL AE B A FhORE RO L A 40 R Y
13. 8%/ B 55 59,67 K1 3.3% F 3.2% . 156 77
KR PLAFIRE(13.6 Y00 , Bl 5 £ 55 95,115,131 K43
BIFEARH] 5.8% . 2.7% M1 5.3% ., J& TR &1 A9 )85
BELIE TR R A A SR T I A 2 P A S AR AN I
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FEH BT 4 H ) R 2R 40 KBNS 95 KA LB T 5 He
439K 5.0% .2.6% .2.7% 1. 7% 6. 4 %) Ft 155 B 45
115,131 KA 10.4 % F1 12.0% 5 FHAL I IR S B TE o 72
T TN LL A RE A5 BB, A 3 A TR i BT o L
161] F SR RE BT L9 (485 40 K .59 FKBF A He 14350
0% H1 2.5%) FFEn %5 131 K1Y 23. 1%, Cyanobacte-
ria_norank FE I H 5 [T 7K - 0 40 R AR ) A9 AR £k L BT
He 254K 0.7 % ~63.8% .
35 HEHESKRSHXER

ST AT K I SO AN T R EE R L, FRATT S
species-sample ZUHE (97 W AU HE M EEAR OTU )
DCA 4347, i 4l DCA 2 Hr a5 . A1k F§ RDA Y
3T % FE K AR b 20 B R & 5 BR BE R 22 [R] Y A O

PE (B 52) . RDA 3 #1485 1 7 55 — 4l (RDAD) 1]
DURRRE 61.8 20 B ¥ A8 S M L 55 il (RDA2) W] LA fifk B¢
11.04% . A K55 — b 5 U] 10 AR ¢ ) R 58 A
T AHRE A (DO) 5 55—l 52 0 i 1 £70RH OC , 18 I R
TR AT LIRS ISR S K AR b 4 Tl = B 55
IEARSCM 2 A (NH ) A2 R 5 i R 3k v
HAE (COD/NO; ) W fil§ 12 5 (NO; ) Fil b 2 75 S i
(COD) , AR ME pH FAEEREE (NO, ). R Ei%E
AT S A B TR L X KR T 200 TR R T R ) I K 1 A
B2 COD/NO,  ,COD, H¥k /& NO; #1 NH/ ,
a2 pH DO E SR ER (NO, ), ok BHKE Y
TR E T 55K BT 2 B0 ) I AH G DA AR 203k
B(E 5b), B FF E B (Cyclobacteriaceae) | 38 £ H fify
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Fig.5 The correlation between water quality parameters and bacterial community composition
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a. Redundancy analysis (RDA) of the bacterial community composition with water quality parameters (red arrows) ; b. heatmap showing

the correlation between bacterial community and the water quality parameters at the family level
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The diversity changes of bacterial community in mariculture water of
Litopenasus vannamei at Zhangpu, Fujian Province

Hu Dong'?, Wang Liping®, Zhao Ran', Shao Zongze®

(1.School of Public Health, Xiamen University, Xiamen 361005, China; 2. Key Laboratory of Marine Biogenetic Resources ,

Third Institute of Oceanograph s State Oceanic Administration s Xiamen 361005, China)

Abstract; To explore the diversity changes of bacterial communities in mariculture water, water samples from
Litopenasus vannamei culture ponds in the middle and late growth stages at the farms located at Zhangpu, Fujian
Province, China, were collected. Bacterial communities were analyzed through Illumina Miseq sequencing based on
16S rRNA gene, and the water quality parameters were also detected. The results showed that the water quality
factors, such as NH; -N, COD, fluctuated greatly compared with other parameters. 19 phyla, 35 classes, 80 or-
ders, 135 families and 254 bacterial genera were detected, which indicated a high diversity of microbial flora. Pro-
teobacteria and Bacteroidetes are the main dominant group during culture, and while there was a certain fluctuation
of microbial composition in different aquaculture periods, no obvious change law was observed. Cyanobacteria
showed high abundance at the day of 67 and 115, and their abundance varied greatly during culture (0.7% to
63.9%). In addition, the abundance of probiotics and potential pathogens is low during culture. The RDA results
showed that COD/NO; and COD contents in water had the greatest influence on bacterial communities, and re-
duced DO can increase bacterial richness. This study revealed the change of bacterial community in the middle and
late stages of L. vannamei culture, and found that water quality factors had a significant effect on microbial com-
position. The results provided a significant reference for the healthy aquaculture of L. vannamei.

Key words: Litopenasus vannamei ; microbial community; 16S rRNA gene high throughput sequencing; water

quality parameters



