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(1. FR A K= 7 AR e R W e A G R S e A R S s =, BT 361013; 2. BT E XK =ME A R A,

JE 171 361026; 3. 48 4 i B  BORME 35, 5 363000)

WE: N TR INEXT IR (Litopenaeus vannamei) & 7K AR 3R AT AR BOEFE . KRB RCR . B
B K Thee, S50 i I e & 4 2 A1 AN K B $8 45 7K F Hlumina MiSeq il &0 5 HOR, LA %) 5%
H. Ve AN MR A RRE. 45 RER, S48 R4V 2 BTG R0 5K, FARK A
R R 8 FK T o FE3ANBRUR A I AL KRR i A T A R 6 Z50F0 A R 6 S50k BE 6 2 (K T X 4.
(P<0.05), TEAEBRIRA Hse by 2 & B T AH R 2k Z0R0 A 2 3h 20 I U4 32 3 35 vy T %0 26 0% 4L 00 7R % 4
(P<0.05); JEA LI 22 BIUT AR R (BF V) & 2 A8 16 £ 8 24H.(P<0.05), BEFEAIBFV iR i, 34 kiR K/ 2B
TR 2E > 4 B 4>V B 2L 3ZELRE W 43 19553 S15H15424N0TU, B F £ 45 4Chaol . ShannonfE % %) b
H>THEMEASTEN . BB BT TP, IR ] (Proteobacteria). U4 B ] (Bacteroidetes ) Fl1iF 2% 1 ]
(Planctomycetes) A& AR IA 1], 3N IAE S 5 A RI91.7%. 97.6%F188.7%. 1EJ&HIKIT-H1, Hi
HIVEL TR Oceanicellal@ N &, bt N 18.4%, JEMHH FE R & I Muricauda. Cyclobacteriumg,
i EE 73 09 8% H15.9%, ¥ T Al w MR AL RENE AL . A2 EWE 4 Hh Rhodopirellula& A7 o b, BUH & HE 4L
ey 415 =0 1.8%F14.1% 0 3 I Tax4FunyZi /e 340 HRA U 20 4T M 37 FRAR S 8545 B0 TR EAEE(E B ab 2
SGRENThRE . X LE )RR DA AR A AT B2 T i T B X T RN AR R AL . % I SRR, LNV XTI B K
s rb A W A AT LA AR K BT, 3 RE B /K A4 B RE 22 1, H rb DU A BB AR AR R s e, AR R I EOR

X T AERF KR SR R A S R g0 T i B B

REZIE): FLANIEXSUE; AR, WAL, maE RN, DR

PETES: S965 SCEkFRIRAD: A

JLYNTE XS KR (Litopenaeus vannamei), X F5Fd 5=
XTI, = T R 3R KR, H AT R TR E
BN UR SR Gt ol 7 e e R L X R 7R
ST 85%, A fa A K 1 B L1 LGN R b
AP, R R A E 70% 0 B R
ZAH AN T FLGNEXTIR G 1A=, TS
BB WA TZ, ZPEIEAZAY . 5Ly
GARMBEEEARFTE. BT, AMEBAHEAR DR

Ysr#s HHA: 2018-06-28; 1&3T HEA: 2019-01-07

XEHE: 1000-3207(2019)04-0786-11

JSLFH 78 % [GYB MR (Macrobrachium rosenbergii)™ %
JEff1(Oreochromis spp)m‘ ¥ (Ctenopharyngodon
idella) " FN(Aristichthys nobilis)” 57K P2 W 32
FE R, —SeR SR, AR UE B AN R SR AT DS e A
WS B 2L R RN AR TR 2 5 ) e
N R 0 58 4 1 T R e P, T R RS M
FoE PN HE R T T K AR AR 2514 AN K 5 44 R

AFEEZR T, AR TR IR, 5

ESTUH: FLAVie ffh G5 5 g Rehh i % F o AL TR H (2017FISCZY02); 7 A 2 MEAT MV R % 1514 92 10 H (201205019-3);
=R E TR BRI R B R TSI H (16PFW034SF02); 20174748 £ 44 W 15 ¥ l0 25 14 A 22 5 T3 (201 7THY JG02) ¥ By
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SRR AR R, 27 A A RO R/ 22
W1, 2 BRI KA AR iR s, 1 H =
THRE AR TE 22 13 4 S/ (0 2 LR, T s A4
BEERN) BLB T R AR AR, B L IR
i, DA, FEFRPE KA o B 3l BRI 2R AT
RLA REXSHR i 2B A0 B IR SOK i i
W= 2 HIRE I .

R, 72 LN U 8 1 A8 DA [R5 1
BAEY S BN 20 J VR S50 5 D RE ) F
FER U o AWTFC L3RR K AL A VI E A [ )
ININBSIR, HEAT R0 2R R BOR & ¥ Bt PR i Xt i
BSEEG, TE AN R B UR B 2 URORL KD, JF
Xt 3R AR B A R S AT B RN e, LR
SERIRIIIRE, B EIRR NLGNIERTN E B A7 A 2L
A2 A B SE i, LA e 2 ) i i S 43
AR -

1 MR5ERE

11 WK EEH

SUGE AR A JE T T X B K Rl A R
O8O SEHEAT o SCIR SR N AR5 m’,
TR1.2 mif G B B AN AR, i B R4, 1 kW
TnFkE R EA B ETRE NE1°C). SLI6FEFE T
BN LR UR AR T, SR A4 A2 o [ 2 e K=
T T AR ] — ST T S AR AR T B, 1R K0.2—
0.5 cm, SIS B3 FHRRIRCHI A0S . ek AR R AT
WFIE, BRH2ANPAT, BRI, B TR AR %
2% 10° P AFHF, F25E20d, 7556 HH 18] 5% R A 2
Fie & A kL (45 %R 2 ), 90 E T B RS R R
ARAFE, 5 HIEESIK(FE3h—IR), AT #E =2
2 g/m’, JEHAMEZE3—5 g/m’, FRAEAK (o, MR R 25 i 2%
AN TR T R VA R . AE A5 MR R) S 4 S A N 4
B VRN RN ZEROAT o, BRVEVS N B B N
H#1H &= 11180%, T B &3 R IR 1R, BRI
INE421.5%10° cfu/mL, B AT4h I AGE 1L, SR
Ja ¥ IR o S R ZH AN S 0 A T Bk Y0 RN 2
FFB, 7% 1E 5 SR AT IR . SO0 I B I e
B0 AR, 2R B P K R R K
WO A, 2 Ry AR 25 f AT B (Bacillus
licheniformis), & 1x10" cfu/g.

SRR X L, B e . e, KR4t
K AR R S5 N FRAE M, SZI6 A AR R KR A28 C,
ERE26.5%0, TEMHE>S me/L, KSR LE 5 78/, f
KRR RN . FREE I EA HE/K 600 L, SE46
HEAT5 H E4E H K30 L, S25e A E AHK .

1.2 KESHHNE

SEAGHATE], BRI E VA pH; B3R 2
TRES . WHHER 2h AN IR 2h B K 48 hr . &
fife S8 K FH WA Ay HQ3 0 D& 8% X Al &, pHR A
PHB-18lpHiHIll & ; KM A TAHER Sh 2 A R
SRAWREZN EZ I AR NEE) , GB 17378.4-
20077,
1.3 £MERARESNZE

Sy GRS RPNE R N R ) I N
FHETE A il e R AR AR, BUFE 520 minisg A 2
TEHETE & R ZORMAA R (A i mL/L) . 7E 8 1
20K, R A, FIFH60 B T K 7% 58 A
MR 43 85, 2 Je B A P K ARy 5103 300 H 675 99, BT
5L e B 20 CUKFERAT «

TEFRFE S IO 45 AR, U ISR 1 AR ) 22 (A1 4%
1 g, “FATREIR & 5 76500 mL K K iR A1, e
HUREAE AW 54088 (DH-2, Olympus) T W %2 214 1
TS L5, FEALIEE 2004 2 F R 31T B I 5E,
5 FAR DR FE I B, B S A R & 0k 1
itz
1.4 DNAIRHl. PCRY X SEENF

K HOMEGA A & HSoil DNA Kitid 71 & Bl
3FRAHFIDNA, “FATHLRNRE S, B3 M. X
FEHUS [IDNA =28 Byt I B Bt i e Kk b A7 Aan i, 48
J& F 75 barcode FIFF 5 51 41938 16S rDNAIV3+
V4X. 5I¥F5)N: 341F: 5'-CCTACGGGNGGCW
GCAG-3'; 806R: 5'-GGACTACHVGGGTATCTA
AT-3"c PCRIMZAHA: 95°C HAL 4 2min, B J5
98°C A8 1H:10s, 62°CiB K 30s, 68°C iE{H30s, 3274
TR, ¢ JE68°C FEAH 10min. X473 2= b fis (1AL,
JiQuantiFluor "5 6+ BEAT 2 B . A5 4lifk 31
FER AT SRR, I Pk, M S,
2 JEHiseq2500 PE250 L4, 347 sl & il 7 .
1.5 BUEZIToHh

AR A AL B B o 2 BrMiseqill 7 17 41 A
A RINGE AL 117 2 AR o 27 51 o AR st X i
Ji BU(PE reads) 2 ][I E &K R, #4PE readsHf
— 2T 5, 15 B BIPHE T 518 JE 46 F5 % (Raw Tags),
Raw TagsZeid it — i peab e, 5.5 & R 21 bx
Z i (Clean Tags): Raw Tags MZE S i & AH (BR
PR BB A < 3) B 0% 2% 8 K E (BRIAK
B N3) 5 — AN I S 2 AT, & B Us
3 EN bR (Tags) B £, ik — b i fr o i 4
K B N T Tags K E75% M Tags! . SR )5
5550 2 AT LU R IR S A P 81, 25 BRI TP i R
BARIT A, B &A% 20 B .
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#1432 55(0OTU, Operational Taxonomic
Units) 7> #: 9 7 BEFTRE i R A R 2 ARV AE R,
FUparse(usearch v9.2.64) 8 A4 X} Fr A A fi 1) 4= 56
A RT 5 (Effective Tags)H#EAT R, BRINTEIT %
FRABAME KT N 5 51 JER A O T U, FE T
ANOTULES A FE G A HIBREE 7 51 40T = L AN AR XS
5 2., Uparse ) O TUsH 2 % HUR R 14 77 1) (1K g
HEVEE N, 1 OTUs Hh = B fe s (0 5 51) ), o
REF I 28 83 PE, AT % 2R0TU T

Yikh 42 EEIEIIRDP Classifier (http://rdp.
cme.msu.edu/classifier/classifier.jsp) %} FOTU K
75347572, RDP classifiers& & T Naive Baye-
sian 7L B3 K T B, BN 5% 7 A1 AE 204 v
A5 KT UL AL, Hh S VT 23— K &
{5 1E (Confidence Threshold), — M iA N B 15 (H 1L F)
0.8 47 5. ffi#EEzTaxon (http://www.ezbio-
cloud.net/identify)F1/8{NCBI (http://www.ncbi.nlm.
nih.gov/)Blastf2 /3 ¥t — A& 1E 70 2L JG, i
OTUFHI B FE L X 45 5 . Giit %% FF i £ S (Do-
main). [ J(Phylum). #(Class). H(Order). F}
(Family). J&(Genus)/KF F 7288040

B Z AT ZETOTUM SR, B
MothurfX i+ 5 Alpha 2 FE e Bob 1 F 2 &
(Chaol). 7& i % (Coverage) 1 £ ¥ (Simpson/
Shannon). [AIWF FHREA: A AN F 43 25K F |
(11 J&) By WA o3 A B S ke A SR M I, A
GraphlAnflTOLBAF3E4T 70 KM R G0k & AT AL
TER.

Tax4Fundi& K Dy RE T : 16S =i &l /7 24 18
I QIUMEELSILV Angs T &, T SILV A T
OTUMAT VI M 4325, FF AR R NCBIfY) I P& 26 R o)
16S ¥4 VK AT ARl s 55 il M @ SILVA 73 3K
HKEGGHU i JF A% 73 R I I 2 1 G &R, SEIRT
PR L DR D RE A 000 o« A SCAR 4 = FEHESI AT 201
Tl &6 S VE & 2HDh e o A .

I FH Excel B4t Ak 38 3 A kAT £ 9 ab 2, 45

SPSS 18.0% {1 Xt S5 2 Hdk AT 51 R 3 07 22 40 it
(One-Way ANOVA). SEEE s H -V B{E b5 dE 7
(Mean+SD)# 7R, P<0.05 N ZE 3% .

2 %

21 HYZEFAFERKRNE

SFRBRVR S IN AL K R AH A B W KA pH T 2 2
ZEF(P>0.05, % 1); /AN [ESL50H M | RN
SXof HE ZH > Y7 by 2H > 7 0 2E > FRE B A, L okt R 4 RN
TR AL A B 5 = R B2 (P<0.05),
HPEAAEREA 2 RN EE, ARAMER LAY
1% 2h BRI AS R 2h B S AR I g - 0 R ZH > Y hy 4> 11
PEASH A REAL, e AR TR A A
R SR E IR B 7 ) v B MR 1.6 2.5R14. 2451
JEREAL1.3. 1.Of3.00%, 5X “HZEREF
(P<0.05), & 2] Hl 2L RN bl 40 22 e AN 0 3, R
B AR 6 ZURAS IR 3h 2 TR B 43 Sl S 41
1.7+ 17801665, 5IAR3LH % 57 1235 (P<0.05).
22 FYMEEANTHSKNE

234 5—10dHI 3577, A [FRBRIE A BUA A 17K
o I HE K B R IR R, ek ALK BN
, FER K (o (. SEEG AT, AR S I DL
B AR R B I (8] JE K IZ P BE (B 1) 34N SR ER AR
VI A K 2INIFF UK 218, B3R 7—od)54E
YA KGR, 13—15d)5, UTRRARFAS L8N,
ETraE.

AT A 2 AR R, SEES 1A 7d S 2 Ak
FRUHE I RE WE AN ek 40 20 531 22 0.9F13.1 mL/L, 1M 26
QRS JREMHZH 28 AR A a2, L n s
EIBEA 2 1.3 mL/L, Jo B REBE 4 5 56 %) 0% 20 2L A
TR RS IG5 9 2 0 0 e B 2 1) AR ) 21 ]
FHE, Uk 2075 77 58 S 56 25 SR 5 2 AR AR 2 3 /)
T HA P 41(P<0.05).

3 A R TR S A5 SR /N s 45 SR an 1] 2
BN, R b2 . ek S AN R L A ) B RN
55 N(135.8+52.4) (86.3£37.6)F1(176.2+62.8) um,

R1ORMAREBRR S DEE K IR RHIFAE

Tab. 1 Effects of different carbohydrate sources on water quality

1 H Item 1% B 2H Glucose VEM} 2 Starch JEMEZH Sucrose i 18 2H Control
E4DO (mg/L) 7.04+0.43° 7.53+0.26 6.87+0.32" 7.8240.28"
pH 7.9+0.3" 7.7£0.2° 7.8+0.2" 8.0+0.2°
FHTAN (mg/L) 0.16+0.06" 0.25+0.06" 0.19+0.08" 0.42+0.13°
AR EENOS -N (mg/L) 0.06+0.03" 0.15+0.03" 0.08+0.02° 0.26+0.06°
THERENO; -N (mg/L) 0.17+0.02" 0.72+0.04° 0.24+0.03" 1.13+0.12°

T SR LU IEAR RN, AR [ — AT AR T RN B3 E 57 (P<0.05)

Note: Each value represents mean+SD. Means with different letters in the same row mean significant differences (P<0.05)
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PR KN B TR 2H > AR A>T R 4L
23 WEMESESHMEST

W 207, 3P AP 2L AR i o 43553
515f15420TU, 78 55 RIFE99% LA b, EasH

18
| —e— 5z PELH Glucose

14 | —= {E#r4 Starch T
12 | —— EEHEZ Sucrose

10

]
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)
>

S DT AR
Bioflocs volume (mL/|

(=3 S )
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1 A RIBRIREA Y 2 B U RR AR R AR 1L
Fig. 1 Changes in biofloc volume with different carbohydrate
sources throughout the experiment period
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Fig. 2 Particle size distribution of flocs in three samples
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Aokt
Percentage (%)
3

0
HEpEE e
Glucose Starch
2H 1] Group

BRI I A P RS AL . i ) W L VR o A
FZChaol 55 8 594.6, = T REFEALRIGE A 40
ShannonfRHH KR L e, HFHLHAZHF
PR A % B 4L(6.13)> EFE4L(5.89)> T k41
(5.42); FEFEZH SimpsondE#0(0.913) #xfm, i &l b4
K2, FEK HSimpsond g B K M0.652.
24 =HMEVIRFAEREN

=MEMERATKTEEES S 3P R
AR ATE T TROKF B B 74 LA 18R (1813),
FHPTE W] EE R AL ] (Proteobacteria)
T B 1] (Bacteroidetes) FliF & i | ] (Planctomy-
cetes), NEHMBEIT. A ETIZRA11F,
H A AR 1R '] (Proteobacteria) 1538.3%, AT 1% ']
(Bacteroidetes) 7 £ 45 i ) 0% 4 A1 Kl 2H 7 o) =y
15.7%F125.3%; REMELLAN A IR A 18Fh, Hrhiess
[J(Planctomycetes) F1 i £k 4 | ](Actinobacteria) &
EE T HAEARAMERH, 5alEmH6.1%.
12.7%12.3% 2.5%. REFEALRAAT T TSHA-109 /4
E£0.05%; % 1 HE AL A B [ 1284 1770, JLh AR TR 1]
(Proteobacteria) F1#L#F 4 |1 (Bacteroidetes) i Ft 7351
NA2.7%H140.0% . %) RF AT 18 [ Gracilibac-

2 =MEMZERREYETE SRR
Tab. 2 Bacterial diversity in three samples

A Observed FHATSE
Group  species Coverage (%)

Chaol  Shannon Simpson

%Gﬁf}iiﬂ 553 99.9 594.6 6.13 0.893

{}SIta}rJ\czE 515 99.9 543.1 5.42 0.652

ﬁijr%oésﬁe 542 99.9 582.4 5.89 0913
Spirochaetae

Gemmatimonadetes
Woesearchaecota DHVEG-6

u Cyanobacteria
SHA-109

= Acidobacteria

u Gracilibacteria

= Firmicutes

® Hydrogenedentes

= Chloroflexi
Lentisphaerae

® Chlamydiae

m Others_of Bacteria

= Parcubacteria

® Verrucomicrobia
Actinobacteria

u Planctomycetes

= Bacteroidetes

m Proteobacteria

TR

Sucrose

3 BRI E RS A
Fig.3 Phylum distribution in each groups
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teriadj t0.14%. &4 Parcubacteria. Lentispha-
erae. Spirochaetae®% ( LU /b ¥ 181 175 3% B 4 A1
HE R AR, VER IR

=HMEYNZEARKFEEREST 3FRRALY
EVRIAILAE2100 B &, &4 G HRT2047 10
B 4. H, vl % AR5 e E 5 )
‘NOceanicella. Planctomyces. Ruegeria~ OM27 _
clade. Nitrosomonas Kangiella¥Muricauda, %5,
(1) 5 L 1% # & R4 Oceanicella Plan-
ctomycesF Ruegeria WL W &, HH Oceanicellal&
B A N 184 %, BE B 4L A RE RE 400 0l
13.9%H018.5%; Ruegerial& i b N5.1%, BE by 4 &
1%; BacillusJ& NIRRT BE TR )@, N
3R, 7 HE0.92%, B b 4L E R 2E 43 5
70.4%810.2% . JE¥HH Muricauda. OM27_
clade. Cyclobacterium Oceanicella)@ NILHEH &,
Horp 72 2 8K Muricauda & 5 TL9.8%, 1 %
W £ R0 7 0 2 0 1) 155 7.6% K17 .8%; Cyclobacterium
Ji& 7 EE5.9%, P 1 i pE AN RERE 4 . REREZH
Oceanicella. Planctomyces Ruegeria~ Rhodopire-
HulaJ& RRATEE, HH Rhodopirellulad B A
5 i b, ] e B LR R A 90 ) i 1.8% A4 1%
SiAb, 3 35.3%  33.8%F136.3% 1 A K
& .

BRDPERRGZLE WE SHR, IRIED
Pl 73 R ARG (M H s, 108 BLF R T 1% 13 45
Yooy R TT, HIE T R 2 KR, R TR A S

100 -
80 r

60 r

Hortk
Percentage (%)

40 t

20

iz pEA TERYEH
Glucose Starch
2H 1] Group

A A BR T 42 AN R OB E bR Y, BRI 5 KRR YD
Tt RN
H 1 SRR, B T] R R R B AR TR T 1] (Pro-
teobacteria), 4% Oceanicella~ Ruegeria. OM27-
clade. Nitrosomonas. Kangiella. Donghicola.
Pseudospirillum J; Sneathiella”5 W J& . AT B[]
(Bacteroidetes) N2 K], @i Muricauda-
Cyclobacterium~ Portibacter®s W J& . Planctomy-
ces~ Rhodopirellula® J& 3 J& T 175 & | ](Plancto-
mycetes). Mycobacterium~ Illumatobacter# &
J& T2 B 1 ] (Actinobacteria). Roseibacillus# )&
K& T PEHUR | 1(Verrucomicrobia)
BEDH R #E Unweighted Unifrackf [ {5
S UPGMA (Unweighted Pair-group Method with
Arithmetic Mean)Z R H (Kl 6), F 2% bili 2 A1 RE B
N, YL R R B 8 A 5 s
LR A AL TVE R B O — 3K, VER
A1 2T & 43 AT 55 0 R LN RE W ZH AR AE 22 Rk
2.5 TaxdFunBfEINEETUN 534
Tax4FunE 220 W #SILVA/ K E5KEGG
Kl e b A% 70 SRR B R MR 5% AR, SETU S A i
WDIRERI T . S5 RARAF 2804 T B Th g, F B2
HI20 ) ThRE AN &l THT7R, 23 5 N ABCHGIZ E H(A).
ALY R G0(B) BEWRARI(C) A B4 &
(D). HEMK. LZARMITZRNAYI(E). el
(F). FERAMAHZA R AH(G). ZACHH) IR
ISR FRARWID) . FALBERRAL (). W7 RSt
Unclassified
Other
Vibrio
Illumatobacter
Cyclobacterium
Pseudospirillum
B Pseudoalteromonas
Nautella
B Mycobacterium
Thalassospira
Bacillus
Roseibacillus
B Muricauda

Sneathiella
Kangiella

Donghicola
Nitrosomonas
Rhodopirellula
OM27_clade
Ruegeria
JERELE B Planctomyces
Sucrose B QOceanicella

4 FHJEAKCTE RS A

Fig. 4 Genus distribution in each groups
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(K)~ RZBEAR A L (L) 205 BE R A% 1 1R B X 4
(M)~ 4R EBAN) Ve ¥ FHREREAR I (O). RNAFE
fiE(P) ARBEANH B BN (Q) LMERR A R IRAX
BWR). HEBAHBES)MHFHAEN(T). Hs kR
IR RS R TR A 1200, 8 & b
M. VER . L Z S Tl R R R B A o L
H22.2% 19.4%F121.8%; ¥ M s AL {5 B Tohfg
(3T, 6 221 A 4 1% 2R Th e 225 IR 3 o v 5. 7%, A2
TERTALI L1245, R REREA I 1.0116%; KIEEEH .
5T SENE BACFEINRE 3T, & R
S EIRELL, TEREIR 2, VR R, FER R A
HIN18.8% 14.0%H116.9%; A 2T T REFAE T
Y1 B JE A TR, 3R A O R AL, R AT RE LR,
TERTALIRAR, S 582.6% 2.5%A12.9%. HE
AT N3N SIS 2H AN [F) 2 HE Ak )y g SR AR AL, (EL T
20457 [ Th B FE D8] 70 61 46 M 2E . e o 2L R R e o
R HIN49.3%. 41.0%F147.2%, HAFAE
—EER.
3 iTig
31 A RRFEAEMLEAXSFEKRMEE 24
Ediop A1)

AR TR, AN A BRIR 2 A= W 22 % 9% 5 7K o
A RFERW . 85 EBIR, AW r 5 B2 =%
T bR 2 2 TR IR N4, 76T R AE ) 2L 1 1) 37 5
R, N A R K A A PIVE RN = A 1) 358

A: Oceanicella

B: Planctomyces A

C: Ruegeria b“'&

D: OM27-clade ,;o‘

E: Rhodopirellula ¥

F: Nitrosomonas 5

G: Donghicola

H: Kangiella

I: Sneathiella

J: Muricauda

K: Roseibacillus

L: Thalassospira -

M: Mycobacterium =

N: Nautella ’g

O: Pseudoalteromonas %
<
G

(¢}

(o8

P: Pseudospirillum
Q: Cyclobacterium
R: Vibrio

S: Illumatobacter
T: Portibacter

U: Verrucomicrobia
V: Acidobacteria
W: Firmicutes

X: Chlamydiae

RN, SR L K TR e R R e TR A R 4
FURENEZH, W] BE A F T 20 W RN REBE S AN R,
VER 2 W, R A RE Re S B B Bk 2 A R 2
P AN A B« Z A TR R, (R E IRS K A H
AR WIHRILED, & WAE 3 S &AW .
1T 22 8 ) 75 22 5 22 (1) I 18] 23 e o B0, 4 e 4 b
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IMPACTS OF LITOPENAEUS VANNAMEI ON MICROBIAL DIVERSITY OF
THREE BIOFLOC AND PREDICTIVE ANALYSIS OF TAX4FUN GENE
FUNCTION DURING HATCHERY PERIOD IN WATER

ZHANG Zhe', YANG Zhang-Wu', GE Hui', DU Xiu-Ping', ZHUO Xia-Huang’ and XU Zhi-Hai’

(1. Key Laboratory of Cultivation and High-value Utilization of Marine Organisms in Fujian Province, Fisheries Research Institute
of Fujian, Xiamen 361013, China; 2. Xiamen Xiaxinglong Seed Production Co., Ltd., Xiamen 361026, China; 3. Fujian Zhangpu
County Aquaculture Technology Extension Station, Zhangzhou 363000, China)

Abstract: In order to explore the formation process, water purification effect, microbial structure and function of three
types of biofloc in the water with Litopenaeus vannamei during hatchery period, the content of flocs and water quality
index were measured, and [llumina MiSeq high-throughput sequencing technique was applied to compare the characte-
ristics of biofloc in three groups with glucose, starch and sucrose, respectively. The results indicated that the biofloc
formed in each group could effectively regulate water quality and reduce the levels of ammonia and nitrite. The concen-
trations of ammonia, nitrite and nitrate in the water samples from three experimental groups were significantly lower
than those in the control group (P<0.05). The concentrations of ammonia, nitrite and nitrate in starch group were signi-
ficantly higher than those in the glucose group and sucrose group (P<0.05). Moreover, the BFV in starch group was sig-
nificantly lower than that in the glucose group (P<0.05), and the sucrose group possessed the highest BFV. The particle
size of three groups was: sucrose group > glucose group > starch group. The quantity of 553, 515 and 542 OTUs was
measured in the three groups respectively. Tthe microbial abundance index Chaol and Shannon value implied the rela-
tionship in the three groups was: glucose group > sucrose group > starch group. Furthermore, regarding the phylum
level, Proteobacteriae, Bacteroidetes and Planctomycetes were the dominant phylum in each group, and the proportion
of three phylums in each group was 91.7%, 97.6% and 88.7%, respectively. However, in the genus level, Oceanicella
was the dominant genus in glucose group, with the highest proportion of 18.4%, and the Muricauda and Cyclobacterium
had the highest proportion in starch group, which were 9.8% and 5.9% respectively, and higher than those in glucose
group and sucrose group. Rhodopirellula in sucrose group was 1.8% and 4.1% higher than that in the glucose group and
starch group, respectively. Cell metabolism, genetic information processing and environmental information processing
were detected in the three groups by Tax4Fun method. The gene function abundance in glucose group was higher than
that in the sucrose and starch group. All of the results implied that biofloc in the breeding water with Litopenaeus van-
namei could not only purify water quality, but also improve the microbial diversity, among which the glucose was the
most effective carbon source. Nevertheless, biofloc technology is of essential to maintain the balance between water
quality and water ecosystem.

Key words: Litopenaeus vannamei; Biofloc; Microbial structure; High-throughput sequencing; Functional prediction
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