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3 ARG A (RN 2 F AT IRt %) A 3 A3 4
(HE ) 2R AR JZ R AL SE b, TR
0 P AR X 2 2 R 2 K M e A U W)
FEVEHEAT THESE, DI T R 5 0 2 AT 12 it 3
T T R A D A ) A i A 22 e DA B AR TR
RINZESE AT PEGT B0 25 RT3 A
TR WA Vi 4 K R 7 B B 5 14 2 W 2 1 B8 S
#,

U BPR ik

1.1 HAKMREFMLE

2017 A8 9 H M UCRAE T LT R AR
BRI 3 AL A ds (AL 1 hm? 5
HIKIE 1. 80 m, F7 51 % B £ 37 500 J&/hm’) |
BERAY 3 YR Ia) 4 F 5 o 2 it A 5 MR 3 80 g
B 1.0 x 10" cfu/g 1 24T B 300 (7 5
FAEVBEARGIRA T, 2R Ry # A LA
PR, A LI T LA A A [ Rl 7 85
UL 3 A AR Ao BR Tt % (T B 0. 97 hm? 5P
BPKE1.85 m) o S fCRAE I (Joii e it o
XF AR PR R DA RO SRAE AR, FETE TR NS A 2k
R4 S 5 P RAE SRR BN S I SR
FERD CRERZKGRE R 0.2 m) FEZ K (H
JEH 1.2 m) 4% 200 mL, RAEJG XS 5 A RAE HK
FESATIR G o — T8 20 it 1 Ok S7. B i 49y 2
A HRIR , 75— R R R AR 5 B T & AR AR
AR 12 (0] 52 56 58 gk — 2D Ab B, O AE K AR R AR
J& 12 h PR SR FE @ L 0. 22 pum #Z AL IR &%
(EAZH 47 mm) 398, AR5 ORAFTE - 80 C H 3
DNA #21,
1.2 BYEFUE

JH YSI ( ProPlus, USA ) X 45 > 1th I 1 it J3&
(T) JEME (DO) FRIRE (pH ) HE4T I A I 62
SR AR 325 00 5 K A i 2 & (NH, ©-N) (g R
#h(NO, " -N) B £h (PO, " -P) G (TN) Fl&
(TP iyt
1.3 MetaVx"™ 32 EHEFN Mumina MiSeq 5

fe il I SC Y A AL F Tllumina
MiSeq V- &5 193l )5 i GENEWIZ 2% w) (50,
E) 52 . A< W %5 {# I Qubit 2. 0 Fluorometer
(Invitrogen, Carlsbad, CA) #:ill] DNA #f 5 B ¥k
J 1 ] MetaVx' 3CJ%E #4) #2177 £ ( GENEWIZ,
Inc. , South Plainfield, NJ, USA) #4 # I ¥ C

el

FH7KAR DNA $2 5277 & ( Omega, USA ) 421
IKARTEA: ) 5L DNA, B HU 7K 142 5L DNA % 2
SR 4 R AR W R BR 2 ], LA S0 ~ 100 ng
DNA 45tk , PCR ¥4 B 18S rDNA | fud% V7
V8 12 A AR X, R A
“CGWTAACGAACGAG” J5 41 (1) b ¥t 51 9 Al 4, 5
“AICCATTCAATCGG” J¥ 3 iy FliF 5 | ¥ 3 e K
V7 F1 V8 X, 5 4b, @ 3 PCR [n] 18S rDNA [
PCR =¥ A0 A A Index B4k, DLE HE4T
NGS  J§1'* o fili Ji] Agilent 2100 4 9 43 #7 {X
( Agilent Technologies, Palo Alto, CA, USA) #;ill
SCHE R, F HLad g Qubit K ST . DNA
YRR A )5, ¥ Nlumina MiSeq ( Illumina, San
Diego, CA, USA){#i FuiBH 45 31T PE250/300 XX
Yl %, B MiSeq H i B MiSeq Control Software
(MCS) ERUFFIfEE " .

1.4 HUESW

X P4 B 14 1TE B2 18] reads 155G 70 4T PR
AL, AL UE DRSS R P S A N TS, R
FPABER T 200 bp HYJF51, Zeid Bt id g, 25
BRi e AR P81, e 245 200 5 5 OTU 434,
i ] VSEARCH(1.9.6) #E17FF 51 2 (55 HH U
PEWN 97% ), ELXF i) 18S rRNA 228 045 &
Silva 128", #RJ5 Fi RDP classifier ( Ribosomal
Database Program) DI M358y %) OTU 4¢3 14
Fe AN BEAT IR 03 2857 00 A, JRAEAS R b 20K
FRGEH R EAR RS A, BT OTU 14>
BT S, SR TR REAS P 91 36 47 BE DL RIAE 19 07 12,
1515 Shannon ,Chaol 4 o ZAEVEFEEL,

P s 2 UL S 0E + FRifE 22 (mean + SD)
Fn o R[] 7 22 53 A1 750k Xk T Aol 37 A
HK AR SE bR B KR h AL SR W) R T
JEE AT IO o BT SR CANOCO 4.5 XJith
a4 S B R 7 1E AT CCA 43 HT

2 4k

2.1 EWibERX R IE KRR
Hige 1 AT, 8 2 % 41 B K P R TN
NH, *-N | NO, -N & i % {f F 0t HE 41 (P <
0.05) ,ifi T.DO .pH TP PO, ~-P £ I . 2 7
(P>0.05), 9 J1 525 411 94 Atk th TN TP,
NH, *-N NO, "-N % 4 & % % F 4 B4 (P <
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0.05), fii T, DO, pH, PO, -P % it T | 2% 5
(P>0.05). 8.9 WAL &2 5 2 K ik

# T, DO, pH, TN, TP NH, *-N NO, "-N PO, " -P
R EZER(P>0.05),

R1 SLIHAFIXSRBAKKIELIEIR

Tab.1 Water physical and chemical indicators of experimental group and control group

n=3; x+SD
YL ERE MR B Ak B 1 i
Sample T/ DO/ pH/ NH, *-N/ NO; = -N/ PO, ~-P/ TN/ TP/
name C (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Z1B 30.38 +1.60 5.47+1.44 7.53+0.44 0.30+0.17" 1.64+0.82* 0.03+0.02 10.26 £1.40* 2.01+£0.85
NIB 29.53+0.15 6.39+£0.24 7.69+0.09 1.17+0.52 2.31+0.88 0.03+£0.01 15.25+3.29 1.70 £0.73
71D 30.01 £0.08 6.08 £0.22  7.46+0.47 0.30+0.17* 1.33+0.52* 0.04+0.02 10.90+2.39* 1.91+0.85
N1D 29.93 £0.11 6.11+£0.52  7.54+0.21 1.30 1. 2.28 £0.66 0.03+0.01 15.79 +2.32 1.61 +£0.73
72B 31.18 £0.27 6.92+1.65 7.29+0.18 0.44+0.25" 1.19+0.37* 0.06+0.04 11.04+1.15* 0.66+0.17"
N2B 31.03+0.06 7.38+1.22 7.46+0.43 1.23 0. 1.88 +0.36 0.05+0.04 16.01 £2.95 1.58 £0.36
72D 31.01 £0.09 6.58+1.41 7.71+0.52 0.37£0.18* 1.07+0.27* 0.09+0.03 10.70+1.03* 0.61 £0.12~
N2D 31.10£0.12  7.92+1.01 7.66 +0.33 1.05+0. 1.74 +0.34 0.05+0.04 15.33+1.89 1.55+0.38
11::Z1B 3R 8 F SLUa it )2 FE R s NIB 378 8 H XS BRZ M ERIZ AL 21D 3278 8 J S 2H WIS Z R it s NID 3R7R 8 1 X B 2H
HICJRRER ;228 R 9 JT LI MR ZHE 5 s N2B 78 9 3 X FRZL b R ZRE W 22D RIR 9 7 SEI 4 Wb IR Z AR N2D Rk 9
XoF BRI ZAE b o AN SRR 5 RIF N — MR AE B35 2 5+ (P <0.05)

Notes: Z1B represents the surface layer sample of the experimental group in August; N1B represents the surface layer sample of the control group

in August; Z1D represents the bottom layer sample of the experimental group in August; NID represents the bottom layer sample of the control

group in August; Z2B represents the surface layer sample of the experimental group in September t; N2B represents the surface layer samples of the

control group in September; Z2D represents the bottom sample of the experimental group in September; N2D represents the sample of the bottom

layer of the control group in September. Marking * indicates a significant difference from the next data in the same column (P <0.05)

2.2 ERMEVBEESHEG
HIZR 2 Al J1,8 A O H 528 2 i S K AR
Bt A=) Shannon ZFEVEFE BRI Chaol Z ¢4
B m TR (P <0.05)
®2 WAMBEKFEZBEMREESHEELY
Tab.2 Eukaryotic microbial community diversity

index in water of two kinds of ponds

n=3; x+SD
Sa:fir?ﬁme Chaol Shannon
71 2098.87 +30.37 " 7.42 +0.88 "
N1 1237.79 £92.25 5.21 +£0.39
72 1978.52 +28.89 " 7.82+0.59"
N2 1189.28 +33.41 5.34 +0.31
TE: 21 R 8 LUK IRKE b s N1 30K 8 A X BRAUK AARAE 5
72 FOR 9 A LI 3 N2 FOR 9 AR IRAUK Ao B

" R 5P E — AR TE 2 22 5% (P <0.05)

Notes: Z1 represents the water samples of experimental group ponds in
August; NI represents the water samples of control ponds in August;
72 represents the water samples of experimental group ponds in
September; N2 represents the water samples of control ponds in
September. Marking * indicates a significant difference from the next

data in the same column (P <0.05)

2.3 ERRMEMREEAENK
HIPE L Rl AR KF T, SE g 41 RN B 2
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W IH R KA AL TR R T 4 40 5 I 2 K IR
FAZE YIRS 25 ¥ TC 3% 22 5% (P >0.05)
SR ZH M 3R 7K AR FLAZ A P B IR O R
J 5 B HE 4K Y N B 8L 44 ( Monogononta ) |
Craspedida , Ichthyophonae | fif: % 24X ( Diatomea ) |
Cercomonadidae . MAST-12C .
Intramacronucleata, X B8 ZH b ﬂ;ﬁ 7J( MX E 4‘2 f;%ﬁl a o %
) A PEORH O F T 2 e v IR HE AR Tk Oy B B
2. Thecofilosea, Craspedida, fif 3 44,
Prasinophytae ., Chlorodendrophyceae, Imbricatea .
Cercomonadidae , S8 b 3 7K K FLAZ 33 A= 9 vh B
8 4, Craspedida, #fif # 4. Ichthyophonae.
Cercomonadidae | Intramacronucleata , MAST-12C . 4>
BEAAY 2 X B W T X A I (P <
0.05), 5¢ 50 41 wh K & B & A o b
Thecofilosea ,
Chlorodendrophyceae , Prasinophytae [ 42 %f £ & B
WERT X B (P <0.05) o SLE b K
R EAZ A ) P B2 HF 4 ( Saccharomycetes ) | 3
£ Sh W
( Exobasidiomycetes ) . 4R H- 24 ( Tremellomycetes ) .
Nephroselmidophyceae [ 4 X} =F & J 5 X} 8 41 To
BEHEEF(P>0.05),

Thecofilosea

Imbricatea . Isochrysidales |

( Sordariomycetes ) .
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[ Others

|| Catenulida

M Dothideomycetes
Perkinsidae

| Sordariomycetes

M Novel Clade_10

. Gasteopoda

[ Vampyrellidae

1 Glissomonadida

B Rhabditophora

B P34.6

" Embryophyta

I Chlorophyceae
Imbricatea

| Dinophyceae

W 1sochrysidales

1 Raphidthyceae

[l Chrysophyceae

M Chlorodendorphyceae

W Pras 1n011)hytae

B Clathrulinidae
Novel Clade_Gran—4

I Nephroselmiaoghyceae
Intramacronucleata

I MAST-12C

M Cercomonadidae

B Thecofilosea

M Diatomea

B Ichthyophonae
Craspedida
Monogononta

zswB zswD nswB

nswD

zswB {3 8 JT A 9 ST SCIR 2 I i /K (R R 2L, zswD 2R 8 ST O 1 (3 S35 20 M 5 ) /K IR JZ A By nswB 36 8 JT 19 1 X 1
LI K AR IZRR G nswD 3R 8 JTF19 JT X) B AL it i i 7K (A J2 A

zswB represents the water surface samples of experimental group ponds in August and September, zswD represents the water bottom samples of

experimental group ponds in August and September, and nswB represents the water surface samples of control ponds in August and

September. nswD represent the water bottom samples of control ponds in August and September

MKF T AAMBEKEEZBENREEN

Fig.1 Composition of eukaryotic microbial communities in two types of ponds water bodies at the class level

H 11 2 AT, S8 2H T R R 2 K IR B AZ R
Y ETS 45 1 5 IR JZ K R AL A Wy i v 4l f e
W2 (P >0.05) , % B2 it 3 3% 2 KK A%
TR YT v 2540 15 % 2 K AR LA Sl A W e s 4
M REZST (P >0.05), fEJ@AKF T, 55K
ZH MBI /KA SO G 0 g oA BERH OC R B
e B IE HE R K R B2 B R ( Cryptomonas ) |
Freshwater [Ichthyosporeans 1. F. 40 §f & 0 J&
(Monosiga ) . /N3 3 J& ( Cyclotella ) | Sphaeroeca .
Vertebrata ., NIF-3A7 | Freshwater Choanoflagellates
o X HREH M /K A LA G ) i A B O
B2 e B HE AR UK Dy B e TR P I
( Bicosoeca) | Sphaeroeca \FV18-2G7 /N A @ . B

BRE & ( Chaetosphaeridium ) | Ebria , Guillardia, 1F
JEAK TN, S8 4 W E K AR B AR P
Vertebrata /NIA 35 & | BAAR M & B J@  NIF-3A7 %2
1§ B J& ( Trichosporon ), & i & B &
(Salpingoeca) W 2 3 J& ( Chroomonas) 21 %& 3 J&
(Hedriocystis ) 2 % - BE W 35 2 1 %0 HRZH 1t 3
(P <0.05), {01 K35 I8 . BF 4 ot J& . Sphaeroeca .
FV18-2G7 & Bk ¥ )& . Fbria . Guillardia 1) 4a %f £
R AR T B AL (P <0..05) , 2 Tt Ik
H1 Freshwater Choanoflagellates 1 . Mesostigma .
Pterocystis . Nephroselmis {46 %} £ & & T B & 2 5+
(P>0.05),
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Genus

= (éthers
‘ryptocaryon

M Goniomonas
Sphaerastrum

' Mssostigma
Ceratium

" Glaucosphaera

| Paraphysomonas

1 Vortioella
Rhodomonas
ESS2202

[ Tetraselmis

l Hedriocystis
Salpingoeca

|| Nephroselmis

W Chroomonas

| Guillardia

I Pterocystis

W Ebria

| Freshwater Choanoflagellates 2

W Chaetosphaeridium
NIF-3A7
FV18-2G7
Freshwater Choanoflagellates 1

[ Vertebrata

M Monosiga
I Bicosoeca

Cyclotella
Sphaeroeca

0
7

0.75
0. 50
0.25

0

zswB zswD nswB nswD

zswB {3 8 JT A 9 ST SCIR 2 I i /K (R R 2L, zswD 2R 8 ST O 1 (3 S35 20 M 5 ) /K IR JZ A By nswB 36 8 JT 19 1 X 1
LI K AR IZRR G nswD 3R 8 JTF19 JT X) B AL it i i 7K (A J2 A

zswB represents the water surface samples of experimental group ponds in August and September, zswD represents the water bottom samples of

Relative abundance

Freshwater Ichthyosporeans 1
Cryptomonas

experimental group ponds in August and September, and nswB represents the water surface samples of control ponds in August and

September. nswD represent the water bottom samples of control ponds in August and September

B2 BAFTRAREKEEZBEDNREZEN

Fig.2 Composition of eukaryotic microbial communities in two types of ponds water bodies at the genus level

B 2% 3 Al A0, EFOKCE N, SEae A4l kAR xR R BN AL (P <0.05) . W4
HZMEY T MR /NI E (Cyclotlla W3 A Moniliella sp. BHO10  Clonostachys rosea .
meneghiniana) | Catenaria uncinata .Monosiga ovata Rhizophydium sp. JEL317 %5 26 Fp B AZ i A4 W) %
(LR Fw B R TR RIS (P <0.05),  AEEER.

{H Chroomonas caudata ,Cyanophora paradoxa /)4

R3 ZHRAMEKEIGRAGEKGEHFEREERNEZBEDF LB FEEE (P <0.05)

Tab.3 Absolute abundance of eukaryotic microorganism in the experimental group

ponds water and ordinary pond water at the species level ( P <0. 05) n=3; x+SD
=S Hipe /i Catenaria Chroomonas Monosiga Cyanophora
( Cyclotella X
Sample .. uncinata caudata ovata paradoxa
meneghiniana)

z1 130.75 £24.25~ 68.75 £18.51 " 341 +58* 5.75£2.22" 0"

nl 75.50 +11.90 0 1426 325 0 155.33 +56.21
72 241.25+29.74" 41.00 £6.06 " 305.5 +43 " 51.25+£10.44 " 0"

n2 29.94 +3.46 0 1337 412 0 18.21 £10.43

{21 AU 8 A SIRZMiK R 5 nl i3 8 N BRZL MK 5 2 (i3 9 I SEIR 2t KA s n2 fi3R 9 0 BRAL b Il /KA 5 Aol = 2%
S RF T — D BAR AR 225 (P <0.05)
Notes: zl represents experimental group ponds water sample in August; nl represents the control ponds water sample in August; z2 represents

*

experimental group ponds water sample in September; and n2 represents the September control ponds water sample. Marking * indicates a

significant difference from the next data in the same column (P <0.05)
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2.4 KiEEEZMEMBFERSELETFHE
ES i

FT P 3 ] 240, S 2 Yl 3 /K PR A A W
v 2H R o IR 2 b 3R 2 S S, T A 4L b R R R
IRPRFIER JZ K AR B B A W e v LR L. 52
W PR 2 b 388 7K P LA A 2R A i) AR I -
SR B BRI VR IR o

~
S
>
= nswB
<
bt nswD
~ ¢zswB
= zswD
[}
=}

CCA1(32.51%)

PR ARk FR o zswB LR LR A M P KRR ZAE A 5
zswD (UK IR M I /K PR R ZRE dlr s nswB AU I 21 i
HKAEFRIZFE G 5 nswD AQFIT BRAL K AR ZAE o N1 AR
FEA; N2 AR RREE; N3 UMk ; NAUKREA; P
HRE BB PLACRBERE:

Environmental variables were indicated as arrows. zswB represents
experimental group ponds water surface sample; zswD represents
experimental group ponds water bottom sample; nswB represents
the control ponds water surface sample; nswD represents the
control pond water bottom sample. NI represents ammonia
nitrogen; N2 represents nitrite nitrogen; N3 represents nitrate
nitrogen; N represents total nitrogen; P represents total
phosphorus; P1 represents phosphate

B3 METEEXHEXMENREZN
H3EX R 5347 (CCA) HEFF B
Fig.3 Canonical correspondence analysis ( CCA)
ordination diagram of eukaryotic microbial

community associated with environmental variables

3 e

FrhE R /K HE I 2 i B R Bl ok i 15 e B E
AR 2 R MR R R BB 1T 1 Ok
ReBAE) FEREIEAT 2R . Ao AR
WA EHOAS 77 Tt S8 HE TR A M BT 4 TN A
TP [543 50 101 kg A1 11 ke iME R > L7 2
T 432,18 hm® [RE M R IR, 15 R R

DR K T 3 B RO 20501 Oy 86. 55 ke
hm® F1 10. 21 kg/hm’ ; PAEZ-OSUNA 45"y iF5¢
FEW] g2 BTt 3 3 % 5 IR AR B %) /R 1)
MR 15.2 kg F113.5 kg, PRI, PR S50 1
KL 980 3758 FE 7K W HE O A 880D 47 37 58 K
SR A2 S A B AR R X KR R A
Tl A= W ) A B o ik T 7K AR e B SR W S5 ) 0 R A
SR, AT e 0 o ff) 3R e 3 R R
TN A AE T AT DL RRCS B R MR VR A5 R, A
1113 2 30 TR FE K AR 7K o BT A0 o

TEWIREARIZV ( quorum sensing ) S W AE W)
AR A Y55 5 40 TR Uh IR AT Jy 193
ARG, HHREEE 570 7 Bk BE W, A
PRSI N E Z RS 285G, NI 51 2 2K
JNE, 220 AE ) B IR AR ) 6 R
o mEE R R . AT Rt
TR YRV 5 B 1 A8 A 25 5 | T A ) =2 1] 1 7
PRI, DT B P 7% b HA R Se Rh 2 1y
AR Py 3 i B b o DR A I S o AM R i AR
PRI CE BUAZ AU W B 5 465 4 mT B 3l i T E
TR 7 5] PR A TR R S B o

SHZH W S KR EAZ U W TR 2
Fim TR s . MR 2 AR, T
FEREAS RGulRa ™" o i i I SC 6 4 it
AEAS R GEAXS TR R T I 2E 25 R 48 S INARE o

S 2H W 3 KA b ) AR R R R R
FART X HRAL, i R AR R R S B SR R
KR A R R A G s
5 20 P 7K AR L AZ AR W TE R KSR A E /)
I3 | Catenaria uncinata ,Monosiga ovata 45Xt
B B2 T X B AL . BERMAN 45 JITR
) R i BRI IR eSS, W TR 45 R R B/ NI B R
ATLAA RO A AR T B B A K. 5
A S AR B R KA T RN ER B A
HIK BT, 25 R R/ N RS R X /K B A 2 Y
YERT, AT Ak A b i = A R A R o 1 T
HgJe /NEREETE T/ NI B HE I A AT RE A H5R
(W Wz AR R ER ) T BE . PRI AT DA AfE KT, A
JE/INERBETE PR 2 A ] A5 o 39 = 5 ) 22 Sk T
B 2 00 2H M K A BVR R RS R h 1 A
oo B E R RN Z —

TEJB /KT, 5 50 2H W 37 7K AR ELAZ I A 0 v
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Effect of Bacillus on eukaryotic microorganism in grass carp ponds

LU Yang'?, YU Ermeng'”, WANG Guangjun'”, XIE Jun'’, ZHANG Kai', LI Zhifei'

(1. Key Laboratory of Tropical & Subiropical Fishery Resource Application and Cultivation, Minisiry of Agriculture and Rural
Affairs, Pearl River Fishery Research Institute, Chinese Academy of Fisheries Sciences, Guangzhou 510380, Guangdong,China;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 3. Guangdong Ecological
Remediation of Aquaculture Pollution Research Center, Guangzhou 510380, Guangdong, China)

Abstract: In order to study the effect of Bacillus on eukaryotic microbial community structure and physical
and chemical factors in grass carp ponds, high-throughput sequencing technology was used to analyze the
eukaryotic microbial community structure in the experimental group ( Bacillus added pond) and control group
(ordinary pond). At the same time, the physical and chemical indicators of the two ponds were analyzed.
The results showed that the contents of TN, NH, "-N and NO, " -N in the pond water of the experimental group
were significantly lower than those in the control group in August and September (P <0.05). The results
showed that the abundance of Cyclotella meneghiniana, Trichosporon, Chroomonas, Hedriocystis and Cyclotella
in the pond water of the experimental group was significantly higher than that in the control pond(P <0.05).
The Chaol index and Shannon index of the eukaryotic microbes in the experimental group were significantly
higher than those in the control group (P <0.05). The experimental results confirmed that by adding Bacillus
to the pond, the structure of the eukaryotic microbial community in the water body could be changed, thereby
realizing the adjustment of the physical and chemical factors of the pond. The research results could provide
some theoretical support for reducing the pollution of tailwater tailwater to the water environment.

Key words: eukaryotic microbial community structure; Bacillus; physical and chemical factors; high-

throughput sequencing; grass carp pond
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