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(C/N=8.5)ix 2 ##E R T % 4. 13034 Rt KK BE 45y £ 7, 48 3¢ PICRUSE2 #k # xf
WA EHATRN. 2RE T, REBEEA A LM ENITERK R ELEZEEm,
TR ERGHIFEE,; %4 R AKHA Shannon Z M5 H A ER KL E LA, £
13534 RHHEETH., FinEEE, LEAoTHENREEIIHTEZHREZ
BTXEBEY, UAE 1R yv-ERENEENEZ R TR, BENENEEAES 4 Fn34
AW ERTAHERY, MFEFITFELEZA4AR BRI EZ G TR T EA, &
AKFPE, KEAF A BRMAXSGUFEREGEFEALEGTTHEA,; £ 4 R4
BRRETHAFEAREES TR, MERTKER. FREAFIXKERFE
AREFERTHEL;, £ BRAELFARAFENEEIREZRTHRA;, HBRE
NEFEFMRNLEGTHEA. FAEEE, ABUAFAFIEANREARES®H S
BFErEREGTHRYA, MELHESFFENEEZTHR. EHYETNLERER, &
34 REt, FEHFAT 20N RADEAELEHNTEREHAER T AHEA, LEHER
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9 1] ApiE s, A5 R AIOT FLE A HF IR FE /K MR TR S5 A0 1Y 52 1621

BFT i 5 i LA 512235 Avnimelech $21, &
— MG IR E N ER LA . G IR AR
X, WHEAEKET . K™Y $E L et
HeoR HE AL . TR ERE ) SR O T A5 B R R R
H i 2 M) T R AR 7 5 /N I 1 55 WA
A, 7L 5L [E 45 A0 X IR SR 50 B 3R
JRIN % BRI F S SR A B e A% W R AR K
R TCHLES B B R, 38 SRS
A AL A2 2 S % 40 0 A K LATERE K AR h it Z2 19 T
HLA, M & A S VR A SR, 5
S /DK EE 2 AN Kt BE 4R S R g R AR K H
B eAR, TN AL T A RCUE S R A R A
K, IR F ARG E Y, D 25 1 R
MR REXUFFIE DAY . Abreu 55" JIE
SCT NIRRT E A AT R R . Xu
I BRAE )22 AL B R 3% B 1P 6 R T A RE 1 A
BT R

HAT, W5 C WA PLERIE RPN iR
LU SRR R Y S ETSE T BFT £E FLANIE XS
IRFRFE P VER,, FEZRET X KA YL H
DARESF R SZ R, TDWH 2 0T 57 78 40 1) 7R T A 25 4
()5 106] 179 TG 2R e o A 52 3 ) P v 3 i )
AR, ARG R 9 0 2R L X PL e X R 5 B /K A
T LS AT R A2, DU DK A BT B A0 A A
AR AR R AR IR SR AE i PR e 2%

1S

L1 LUEXER. AR EHEE

JUGR TR AR R IR T T AR L P B SR A A
BN ., KK R (0.80£0.05) cm, 1A B & K
(0.010+0.001) go RUBFA ) AR A IS DR FR 2> | AR
FEHXTEREC A RRE, R S i 38%. HRERE
N E YR A BRA " A

1.2 SEEITER

ARSCEAE VAR T TR 5 (21°317 N,
108°10'E) 6 ™M A/NAH4m>x2mx 1.2 m R K
WA LB P kAT, KR 0.6 m, AR, H
B RE NS . Bt 1K IR 1 A b,
BREH 3 ASE N s AbF A I S OB 2 R A
I (C/N), ffi C/N=16.0, X BRAANTEIMBEE, #%
WA R M R BC A iRk, C/N=8.5, J##E5% Avnim-
elech™ 1 2%,

S0t R BB % R 310 B /m®, FRAE T
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BERHK, (KT HRZERBURK 5. B
6 d AT 1 UORKE, M2 SUREKFER G
TFREBOIGM . RAEG B A KR 1 8: 00
UNINBEEE, FETSIMBEEE S 4. 13 F1 34 RArH1R
KA. 4 A RAFET ]S 6 BG40 553 51k €O
C4. CI3 1 C34, AbFRAL 53045 R MO, M4,
M13 Fl M34, $5cJ5 —UCRAE I I X HR ARG L R
FE I GRS R, B B ] S A — T KRR 1 L,
28 0.22 pm PR UE, UEAR-20 °C A4 .
1.3 EFEINERERFEN

B UR R AR B 45Tt R B2 RN pHL 43 31) 4 458 485 =
b BE TR pH THIN e L U R AU RK TR R A
HQ30d fH #55 i SE A2 . BATES % (i
FEWSTBLTE ) 56 4 3B KT (GB 17378.4—
2007) J5 i e .
1.4 7K# DNA #2EUFA PCR ¥ 1%

JE 5 b 4 7K FE B DNA R Jf OMEGA 2 #
Water DNA Kit (D5525-01) iF & 7HE0, i 1%
) B¢ I P 8 ¢ FiL Wk F11 NanoDrop2000 45 1l] DNA [
PEMCACR o LA A bR 25 0% 51 19 41 1R 16S rDNA
V3~4 X 5] 4 338F (5'-ACTCCTACGGGAGGCA-
GCAG-3) #1806R (5-GGACTACHVGGGTWTCT-
AAT-3"), il 34 ABI GeneAmp® 9700 PCR X " 1
JKFEDNA, BAHEAR 3 AEE, PR 95°C
3min; 95°C30s, 55°C30s, 72°C30s, 27 ME
¥f; 72°C 10min, PCR JZWAKZ: 5xFast PfuBuffer
4 uL, 2.5 mmol/L dNTPs 2 pL, IE X [0 3% (5
pumol/L) 4% 0.8 uL, TransStart FastPfu DNA Polymer-
ase 0.4 pL, #%Hz DNA 10ng, #MeE ddH,0 % 20 pL,
1.5 Illumina MiSeq U5

[ —FEA ) PCR F=HIRA J5 HH 2% Bilg
B € B 171t PCR 7= %), FIH AxyPrep DNA Gel
Extraction Kit (Axygen Biosciences, AP-GX-250) #f
A1 =Wy alifk 2% 35t s W 458 M r ik G
PCR =W Z 46 11 3635 AR W s 2 BB A FR A vl i
33 Nlumina MiSeq /7 5 K A MiSeq Reagent
Kit v3 (600-cycle) PE300 JE47 i@ w7 . i JR
6B e BRI K AW AE B bl GSA B s &
(https://bigd.big.ac.cn/gsa/), & %5 A CRA002930,

1.6 BIESHT

{#iF FASTP (https://github.com/OpenGene/fastp,
version 0.20.0) #5467 13 90 b 47 g, IF
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H FLASH (http://www.cbcb.umd.edu/software/flash,
version 1.2.7) B PF#E4T P4, K H UPARSE #k
(http://drive5.com/uparse/, version 7.1) #R¥E 97% AIAH
RLEEXT 3 8 #E 4T 53 4R AE 500 (OTU) AT AR
&M, FIH RDP classifier (http://rdp.cme.msu.edu/,
version 2.2) X} OTU J@ A AT R o0 250 RS, Jfi8
1 EzBioCloud (https://www.ezbiocloud.net) 16S-based
ID )7 IE 70 OTU 432K 800, it RIEH
A%} OTU £ il B (resampling), {# 25 #F & 7 %1
¥ H—2, 115 OTU # i & (coverage). Shannon
Z A48 5. Shannon 4 2] BE 48 B L) K w B
Sobs $8%4F1 Chaol $8%k.

H Excel G AKEHBEETT. B J& .
FFT OTU L i3S BATeRL, X AEAEERE Al AR AR
FHE=5% WML BB AT R, I
%% = F & (https://cloud.majorbio.com/index.html)
Xt OTU i#47 E AL FR53HT (principal co-ordinates ana-
lysis, PCoA), H KR REA [F] b B i) 22 55 AR
feita#; X P FEREERT 50 1) OTUs 2H B4 7 15 1
YEAT IR 08T 5 SR 4R PICRUSH2 (https://github.
com/picrust/picrust2/) T I A1 Lt 4 p B A4S D) e 1Y
ZEt o MR 22 5 K 1 SPSS 22.0 AR F 4 37k
A KES, KSR bR P<0.05 1 % 2 5 5 P<0.01
MR EER

2 4R

21 FEIRERHTF

RAEI KR FZEIREE T 1 s . 9286
W), #HEE . pH AUKIR AR FTHES, #
SRR TREES . ZALE O dI R THRIR, 78
4 d Je AR BT AERF AR AR E o [R)—IF ST 2

S E AR S ER Y LR E LS, WA R
JIIE i AT W i ALY Ny NS

2.2 RINPEE ST NLAUE SR K K iR RS2

INIIB AL T 34 d I F ERAACI A B 2 0 G
MZER IR, XK (7.740.7) cm, (RJTHE K
(2.5£0.5) g, ALFRAKRK K (7.7£0.7) cm, K
H(2.6£0.7) go 2 ZH AR AR FIA B Y o BE 1%
ZE5E (P>0.05), 22 BRI 26 R fré) A1 A i
FOC L, (HAL IR X URAETE R (54.7%+0.8%)
i 2 5 T B ALAE 15 % (49.4%+1.5%) (P<0.05)
23 EEINKEEBELZHMR

X} Nlumina MiSeq )7 J5 45 B P b #L 5, 4b
P L RN XS HR 20 4 Sk BE L R4S 946 795 &
i 5, @3t UPARSE #k {4 2E i 223 singleton
1) OTU 2, &S HE )T 5 —1kh 23 973 4%,
TE 97% AHIPEACT F L3RS 1374 4> OTUs, AR5E
5 TG A 4 P B A ) 99% LA L, 1AEA
DU P R A 50 S e S B R . RS X K IR R
R MR BN, FEMRIBEERT (0 d), Ab3E
AT A KRB BE 2 RE R 22 S KRB . iR
Wi S, F 5% Chaol 84X (J&] 1-a) F1 Sobs $5 %X
(1% 1-b) AR LA AL, A P ZH FN e HE 4 A sk ) B
A 5 SE FEAI S T v P R A X AR R AR R B
13 d i, AbFEZH Chaol $5%UHI Sobs $8 XM 2. 3%
% T X B 2H (P<0.01), 34 d if, 4bPHEZH Chaol 35
BRI RTRZE (P<0.05), Shannon ZAEH: (K] 1-¢)
A BEFR B (B 1-d) At AL, X HR 4 %
REAE TH i PR A X RS, T A B2 ) S T v
Jo F R, AbFRZH Shannon £ #E44: Fl 4 &) 8 S A
4 d AR 35 R T IR 4 (P<0.01), 7E 13 5 34d

®=1 PENFEK G P EEFERF

Tab.1 Main environmental factors in L. vannamei rearing water

A5 % R /(mg/L) RS /(mg/L) KiR/C
groups salinity pH NH;-N DO temperature

Co 9.17£1.44 7.53+£0.03 — 8.28+0.05 28.1+0.1
MO 10.00+0.00 7.43+0.07 — 8.16+0.08 28.1+0.0
C4 8.50+1.80 7.25+0.05 0.43+0.12 5.58+0.70 31.2+0.1
M4 9.67+0.58 7.23+£0.03 0.40+0.00 5.50+0.25 31.3+0.1
C13 10.83+0.83 8.42+0.26 0.30+0.10 8.72+0.45 31.3+0.1
M13 10.93+1.21 7.89+0.48 0.43+0.12 7.51+£0.97 31.3+0.0
C34 13.00+1.00 7.66+0.16 0.43+0.35 3.62+0.92 32.2+0.1
M34 12.17+0.76 7.92+0.50 0.33+0.40 4.11+0.54 32.1£0.1

e RRACT IR

Notes: “—” means below detection limit
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Fig. 1 Diversity indices of bacterial communities in L.vannamei rearing water

C0, C4, C13, C34 and M0, M4, M13, M34 represent the samples of control and molasses treatment groups at 0, 4, 13 and 34 days; * and ** respectively

mean significant difference (P<0.05) and extremely significant difference (P<0.01) between the treatment and control groups at the same stage, the same below

Bt & 2K T4 B 4H (P<0.05).
24 BEEIPKEEELEHHIZI

OTU 7KF L 7K IR N B BT PCoA 45 R IR,
PC1 77 30.9%, PC2 N 23.7%, A% KIRE T
Wy 2SSk, 0. 415 13 F1 34 d i 520 Bk
34X, Hiffof14d7E PC2 EFEALE, &
513, 34d 7 PC1 LB iIE, 13 fi34 d MR
BEGE, (BRI, FUIERESS Y 2 Bk AR
1k (1 2), TEESHIBEE T, AbHLA AT B 2H B
AR —, PRI 2 4K R B R &G M b AR
L, WHEE AT 4 F0 13 d B, 2 ZH B 5 2 4y
B, R 13 dmIFiE g /N, £ 40 13d
i Acb P2 0% L ) PR ARG A 25 S IR o TS
B 34 K, b FRAE R HE L RO 5 SO T ag A
VLA ] 2 4K IR BE S5 A Pt le] . DL B4k
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Fig. 2 Principal coordinate analysis of bacterial
communities in L. vannamei rearing water
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2.5 BEENKEMBERHBFME

FEB AT R, AHESE K AR B E OTU J¥ 51
R B ETAMEE, EEAEAE 31504
111 H 210 BHF1 302 J& , 53 A4 OTU J& T A
AR IEH 42K E W (unclassified) 51 . 7E 1]
AL, A 6 XS =5% MRS 1 1/44
BRI T FRIR), Hh AR 1# T (Proteobac-
teria) 76 45 B B F X G 4a XL H, I LA a-. B-AI
YA AR F (1K 3). WIS, AR 5%

1.00

on/gm wll

0.80 | -

0.70 +
0.60
0.50
0.40
0.30
0.20
0.10

0

RN ES
relative abundance

MR 2L 18] 25 00 351 /40 32 B 3 T . 35 22 5+ (P>0.05),
WInbE % J5, AbHA o I B 40 RN L 2R R T
(Actiobacteria) =F F A1) 1 2 =5 T X B4 (P<0.01),
WA E ] (Cyanobacteria) A1 y-78 JE B 40 =F & U] &
FART XA, BRI AN F FEAES 4 Fl 34 KA
g E MR T XA, AT # ] (Bacteroidetes) 7£
55 AT 13 R, B4R 3 e T ORI TR AR
4 (P<0.05). AT UL, USR5 L9 5] 0F % 58
KRBT TN kA T &2,

| m oI  a-Proteobacteria
m BARJEEEY  B-Proteobacteria
-4 y-Proteobacteria

LB T]  Actinobacteria

s

= 4R Cyanobacteria

C0 MO C4 M4

RIS

different groups

CI3M13 C34M34

B3 PEEN YRR EK RS EE TR FE RN

Fig. 3 Effect of molasses on relative abundances of dominant bacterial phyla in L.vannamei rearing water

PR I, KRR REALA 10 MEA A EEL,
OIRESR R, 0d iy, AbHRZH AN IRZH AL AR
FEH TR EES . DHARNEES, LDIEH
TN BYLLFF A FF (Rhodobacteraceae) 2 4 K sk AH X
FHETy 39.2%, W T XA (6.5%), i f
KT CH L (Devosiaceae) Fl = % B £l (Alcaligen-
aceae) &5 4 KU EL (Halieaceae) 55 13 KA
F i P I IR AL (P<0.01), A FRAT LA
T T A FT# B (Flavobacteriaceae) 1E 55 4 KB}
FHENy 8.3%, M T A IRAL (0.6%), F13CIG
I Bl (Lewinellaceae) #1 ¥ #T & #} (Cyclobacteri-
aceae) Zr BIFESS 4. 13 KEFF BEIH B & ICTX)
HRZL (P<0.01). %5 4. 13 F134 KA, BT
AT B (Microbacteriaceae) = & 78 b ¥ 21 43 7]
N 7.5%. 3.6% Fl 6.3%, ¥ EETxE4, B
fiit 7 B} (Demequinaceae) 5 34 K B =F & 1 I 2 =
TR (P<0.05) (K] 4). #IIvEES, FLAAEEXT
IRFRIE AR BB F B A T 24k, H
54 R ZANHAFF R SX A NI W & 2= 5.

JEAKE b, KRB 20 SRS R

https://www.china-fishery.cn

J&, AT AN 2 B 7R o bR A B 2H 2500
BB PR AR XS R OC B 22 5% (P>0.05), N
WA, AR ZEFEAT R & (Gemmobacter) . Wil
W& (Demequina) 1A [7] 3% 51 i (] 1Y = B2 34 @ 2%
(P<0.05) Bt} i & (P<0.01) /& T X BE4H . %5 4 K
F, A B2 WG 7R 6 R (Donghicola) . & 7% G H
J& (Ruegeria). ¥FTIHJE (Flavobacterium). 4111
W & (Rhodoluna) FNLLAF BT 2 42K K E R
(OTU1 F1 OTU1092) HY = FE ¥ i 25 = T % B 40
5 B 4 K B (Kerstersia) #1758 3% 37 [C # &
(Devosia) +J¥ 0. Z KT X A4 (P<0.05), %% 13 K
BF, AbERH ZEFAFT I . O ER R E RO I R
(Microbacterium) =& i 2 5 T XTI, &AL
W g . W HE 8 (4igoriphagus) N ¥ Al 1 )&
(Haliea) % = 1% W FE AL T X 4] (P<0.05), %5 34
KEF, GARKER. BEREE. BFwE . R
NI R (Pseudoruegeria) M FF R FL T —A~432K
KRAEIE (OTU416) F B3 o 2 = T X IR, Jrggsk
#:J& (Prochlorococcus) #1715 /K H.jfl i J& (Defluvii-
monas) %5 =F W) g KT X BEAH (P<0.05), AT,
I T 28 T S 55 ) L4 U K IR 7 B 7K AR AR B4
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Fig. 4 Effect of molasses on relative abundance of dominant bacterial families in L. vannamei rearing water
2 PBEMNNEIFEK SR EME BB FEENZN
Tab.2 Effect of molasses on relative abundance of dominant bacterial genera in L. vannamei rearing water
Fl B 0d 4d 13d 34d
family genus 0 MO c4 M4 Cl13 MI3 C34 M34
TR K B R IREIKEE  Devosia 0.23£0.07 0.22£0.07 8.26+3.61 0.20£0.04” 0.68£0.12 0.94+0.17 0.02£0.02 0.16+0.06
Devosiaceae
AR VSKHUEIE  Defluviimonas 0.07+0.03 0.05£0.02 0.00£0.01  0.03£0.01° 0.38£0.10 0.6320.09 5.31£0.26 1.58+0.99"
Rhodobacteraceae . .
WiZH##i )@ Donghicola 37.1844.2336.48+8.52  0.80£0.32 4.57+0.94™ 1.56+1.41 0.42+0.19 0.64+0.05 1.00=0.71
EFFHER  Gemmobacter 0.42+0.07 0.30£0.05 0.08£0.09 0.29£0.07" 5.79+2.35 20.49+6.09” 0.04£0.02 0.53£0.20"
BERKEE Pseudoruegeria 2.25+0.10 2.01£0.39 0.11£0.08 0.24+0.15  0.30£0.05 0.06£0.02" 0.67+0.03 12.67+8.64
ZLYNH)®  Rhodobacter 0.72+0.14 0.45£0.05 1.02£0.21 1.5320.11 5.74£1.15 9.18+2.08 0.1320.02 0.110.05
ENKERE  Ruegeria 2.49+0.13 2.43£0.35 0.61£0.20 2.19£0.63" 2.81+0.58 1.43+0.26" 8.62+2.24 13.14+1.51°
075 IKH R Xinfangfangia 0.98+0.11 0.74£0.12 0.16£0.15 0.13£0.05 6.97+1.61 5.58+0.62 0.38+0.02 0.20+0.19
JYRASE  unassigned (OTU1) 7.88+0.60 8.47+1.76 0.25£0.06 7.02+3.19" 0.15£0.07 0.04+0.02 0.53£0.20 0.03+0.01
43K 5E  unassigned (OTU1092)  4.90+0.26 4.10£0.32  0.92+0.09 16.45+2.81° 0.95:0.46 0.10+0.03 0.50+0.11 0.20+0.06
FETR B R THAF IR B Kerstersia 0.04+0.01 0.06£0.04 53.70£4.42 18.18+3.57° 0.09£0.05 0.79+0.66 0.00 0.06+0.05
Alcaligenaceae
AL B R LB )R Haliea 1.13£0.04 0.96+0.39 0.11£0.03 0.00" 6.54+2.35 0.34+0.01" 0.12+0.04 0.04+0.03"
Halieaceae
Tt ER A ARt MBELE R Demequina 0.01£0.01 0.01£0.01 0.00 0.02+0.01°  0.1240.04 0.66+0.25" 1.83+0.25 12.65+6.58"
Demequinaceae
T B WHFE)E  Microbacterium 0.02+0.01 0.01£0.02 0.01£0.01  0.05£0.04 0.06£0.06 1.19£0.30” 0.13£0.01 6.10+0.82"
Microbacteriaceae "
ZLAMKIE  Rhodoluna 0.30£0.05 0.3140.13 1.07+0.10 5.80+£1.21™ 1.29+0.17 2.00+1.10 1.33£0.66 0.11+0.06
AT VAR R Algoriphagus 0.87+0.08 1.23£0.50 0.19£0.04 0.36£0.03" 9.13£4.04 2.97+0.49" 0.39+0.10 0.04+0.01"
Cyclobacteriaceae
FOMT B R HHTHIE  Flavobacterium 0.07+0.02 0.09£0.05 0.29£0.07 6.14£0.99™ 0.09£0.03 0.20+0.12 3.57+3.49 0.74+0.72
Flavobacteriaceae ) .
SR ARSE  unclassified (OTU416)  0.00 0.01£0.00  0.02£0.01  0.00 0.14£0.06 0.19+0.11 2.37+0.32 10.21+10.82
FI SRR WETRIEATH B Phaeodactylibacter 4.26£0.61 5.42£2.40 0.81+0.27 0.18£0.03° 1.47£0.60 0.79+0.35 0.00 0.00
Lewinellaceae
SRR R JRGLEREER  Prochlorococcus 8.42+6.33 7.78+4.23 7.81£580 0.86£0.12 0.40£0.79 0.27+0.26  1.36£0.42 0.34+0.21°
Prochlorococcaceae

TE: #RI A 5 R OR R — i BORE 25 A0 FRAL 5 0 HEALIR) 52 0 M 22 5 (P<0.05) RIAR 238 7 % 5(P<0.01); CO. C4. C13. C34FIMO. M4. MI13. M34%r
AR HRAL R B 50, 4. 13FI34KM FRE b

Notes: * and ** respectively mean significant difference (P<0.05) and extremely significant difference (P<0.01) between the molasses treatment group and
control group at the same stage; C0, C4, C13, C34 and M0, M4, M13, M34 represent the samples of control group and treatment group at 0, 4, 13 and 34 days

T B B AR R
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4 8 OTU ML 73 X WA AP R E, #E0d
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P I 53 32 FE R LT AR AT WA, 7E 34 d
A EFEE; OTUL168 Al OTU33 45 18 4~ OTU
IR 4y LB ALATF R F, fE B3 d AR EF
BE o KRR, ARERHPEFE OTU £ 0 d if 5 %)
MAT R E 2SR WINPEES 4. 13 Fil 34 Xi,
S 19, 14 F1 8 MLF OTU = i 5 % 4 A
WEER, AW, WIS, ANFEBrBAb A
BWEMEHOTU £EEMHARE R E2ER, ANE
EERMMFBOTU SR LF, FH @ d) i

FEGE, HAR IR B 1] 8 506
2.6 PEEIKAEEBFDIGERNFME

PICRUSt2 Tl 25 5 7w, LA 347 4>l
M KEGG Pathway Level 3 Hfig, =42 Hi 20 193
REFP KM A A 6 FiR . hagF 2,
ABC $ia iR F iR w, JB TR En—Fh, Bk
N JE TR A E MR R TR, WAL RES Y
GRS, BHHASSERE. HA 16 YT
RifTine. b, SUBERR AL . Ak [ &40 A H
BEACI 3 TR T RE A, MR AR A . TR
R, IERR A, PIRRERIRI . S R
AR 5 W& T ook &R . DiRea i Bos,
UNIBEE 0 d i, AbERA] b R EE R 20 AT RE R
SXRAT R E LS, 4d 0, BRI 5
TR . 13 d i, ABC 5533 R RO F

It color key

*

MO co M4 C4 M13

RIS

different groups

101234 ’/
{8 value

1|

I O7TU593  Alcaligenaceae, Kerstersia

OTU966  Rhodobacteraceae, Donghicola

OTU1092 Rhodobacteraceae, unassigned genus
& OTU37  Chroococcales, Prochlorococcus
OTU1 Rhodobacteraceae, unassigned genus
OTUI1265 Rhodobacteraceae, Marivita
OTU1010 Lewinellaceae, Phacodactylibacter
k% OTU929  Rhodobacteraceae, Aquicoccus
OTU101  Rhodobacteraceae, Donghicola
OTU61 Devosiaceae, Devosia
OTU1049 Lewinellaceae, unclassified genus
OTU1606 Rhodobacteraceae, Donghicola
OTU1281 Microbacteriaceae, Microbacterium
OTU1002 Rhodobacteraceae, Pseudoruegeria
OTU782  Rhodobacteraceae, Ruegeria
OTU1787 Demequinaceae, Demequina
OTU416  Flavobacteriaceae, unclassified genus
OTU408  Phyllobacteriaceae, unassigned genus
OTUS578  Tlumatobacteraceae, llumatobacter
OTU462  Rhodobacteraceae, unassigned genus
OTU1871 Rhodobacteraceae, Ruegeria
OTU685  Flavobacteriaceae, Muricauda
OTU1627 Flavobacteriaceae, Flavobacterium
OTU350 Comamonadaceae, Hydrogenophaga
OTU1295 Rhodobacteraceae, Defluviimonas
OTU494  Flavobacteriaceae, Maribacter
OTUG69  Actinobacteria_c, unclassified order
OTU602  Rhodobacteraceae, Ruegeria
OTU1087 Microbacteriaceae, unassigned genus
OTU97  Microbacteriaceae, Rhodoluna
OTU1090 Neisseriales, unclassified family
OTU1078 Flavobacteriaceae, Flavobacterium
OTU1168 Rhodobacteraceae, Gemmobacter
OTU1202 Desulfuromonadales, unclassified family
OTU1701 Rhodobacteraceac, Gemmobacter
OTU122  Rhodobacteraceae, Rhodobacter
OTU449  Rhodobacteraceae, Xinfangfangia

*
*

OTU1692 Cyclobacteriaceae, Algoriphagus
OTU258  Halicaceae, Haliea

OTU142  Cyclobacteriaceae, Algoriphagus
OTU630  Rhodobacteraceae, Roseovarius
0TU1088 Phyllobacteriaceae, Zhengella
OTUI1207 Cryomorphaceae, unclassified genus
OTU127  Erythrot Porphy
OTU259  Hyphomonadaceae, Hyphomonas
OTUI24  C d H)
OTU1136 Rhodobacteraceae, Rhodobacter

_ OTU726  Marinilabiliaceae, unclassified genus

OTU159  Rhodobacteraceae, unassigned genus
Lewinellaceae, Phaeodactylibacter

CI3 M34 C34

5 FLAEXERFRIEKEEE M OTU BESHIRE

Fig. 5 Heatmap analysis of the bacterial communities at dominant OTU from L. vannamei rearing water
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- ABC #i@fk  ABC transporters
- IR A A biosynthesis of amino acids
- ifCi4  carbon metabolism

FEARKS.  quorum sensing

WSy 758 two-component system

AR purine metabolism

WA ribosome

BELERE pyrimidine metabolism

LA YRR glyoxylate and dicarboxylate metabolism
AILREERML  oxidative phosphorylation

HHEE LA RS glycine, serine and threonine metabolism
PIMAfZ R pyruvate metabolism

JE *9 ’I#’J H’Jﬁﬁu SEIRFE  carbon fixation pathways in prokaryotes

“ﬂi&@ LR AN SRR valine, leucine and isoleucine degradation
nubk 5 -4 3408 porphyrin and chlorophyll metabolism

ARWTERICIS  fatty acid metabolism

THARH  butanoate metabolism

R EE1RI8 propanoate metabolism

-“-l-“-lll ISR 7 5:ft  methane metabolism

MO M4 C13 M13 C34 M34

R
different groups

Elo #HEENNAEMMFEKFERZSERFRENRE

Fig. 6 Effect of molasses on metabolic pathway enrichment in aquatic microbiota of L. vannamei rearing water
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Effects of molasses addition on bacterial community structure of
rearing water of Litopenaeus vannamei

HE Runduan, NING Weimin, WEN Chongqing, MIN Guanjie,
ZHU Feng, WANG Chenggui, XUE Ming "
(College of Fisheries, Guangdong Ocean University, Zhanjiang 524088, China)

Abstract: As an effective, safe and eco-friendly aquaculture mode, biofloc technology (BFT) is receiving more
and more attention nowadays. So far, the impacts of BFT on perfomances of Litopenaeus vannamei regarding
organic carbon sources, C/N ratio and culture density have been reported, which especially focusing on water qual-
ity and biofloc microflora. However, the effect of molasses on the aquatic microbiota during shrimp culture has not
been systematically evaluated. In order to investigate the effects of molasses on shrimp growth and aquatic micro-
biota during culture of L. vannamei, high-throughput sequencing of 16S »rDNA amplicons was used to compare the
differences of bacterial community structure between the treatment group with molasses (C/N=16.0) and the con-
trol group (C/N=8.5) on the 4th, 13th and 34th days respectively, and the microflora function was predicted by
PICRUSt2. The results showed that although molasses addition had no significant effects on body length and body
weight of shrimp, the shrimp survival rate was significantly enhanced. Compared with the control group, the Shan-
non diversity and evenness indices of aquatic microbiota in treatment group increased significantly on the 4th day,
while decreased markedly on the 13th and 34 th days. After adding molasses, the relative abundances of a-Proteo-
bacteria and Actinobacteria in the treatment group were very significantly higher than those in the control group,
whereas the abundances of Cyanobacteria and y-Proteobacteria presented an opposite trend. The abundance of f3-
Proteobacteria was also significantly lower than that of the control group on the 4th and 34th days. Additionally,
the abundance of Bacteroidetes was significantly higher and lower than that of the control group on the 4th and
13th days, respectively. At the family level, the relative abundance of Microbacteriaceae in the treatment group
was significantly higher than that in the control group on the 4th, 13th, and 34th days. On the 4th day, the relative
abundances of Rhodobacteraceae and Flavobacteriaceae were extremely significantly higher than those of the con-
trol group, while the abundances of Devosiaceae, Alcaligenaceae and Lewinellaceae exhibited conversely. On the
13th day, the abundances of Halieaceae and Cyclobacteriaceae were significantly lower than that of the control
group. On the 34th day, the abundance of Demequinaceae was significantly higher than that of the control group.
The abundances of dominant genera such as Gemmobacter and Demequina in the treatment group were signific-
antly higher than those in the control group, while the abundances of some genera such as Haliea decreased signi-
ficantly. The functional prediction of aquatic microflora showed that the top 20 items in the treatment group
presented extremely significant metabolic function enrichment on the 34th day, and eight of these items, including
glycolysis/gluconeogenesis, were highly enriched, which mainly act on carbohydrate or energy metabolism. The
results indicated that the proper amount of molasses could significantly affect the relative abundances of dominant
bacterial communities in rearing water of L. vannamei, optimize the microflora structure by enriching the func-
tions of carbohydrate and energy metabolism pathways, and thus improve the survival rate of shrimp. This study
provides key and practical references for application of molasses as an organic carbon source in shrimp biofloc
aquaculture.
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