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PR H-BR-UE2H e, TR B - AR P AR TR T (RDA) 3R B, 2 RGT I U W ie v F 2
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IR A RS S 100 L EHAE 40 em 5
62 cm) 14 1 €3 SRR A A HK TS R 88
PREE At o JF BB IR U, 3220 78 MG
WLBE

Z:7% HHK A S8 2 TR TR 0K
Y] 2 — 5 2L ( Vallisneria natans ) VE KK T F4E&
T, [ 51 A K A= Bl ) 8 45 35 0 1R ( Bellamya
aeruginosa ) . = ffi WL ( Hyriopsis cumingii ) A1 &
( Carassius auratus) VA K A s REIE , TR
B R SERE M ) BE o 1R I 9 i i 5 2R
BIR[ P i (2.20 = 0.02) g] A=A WLEE
[P BTE (40.0 £ 0.4) g] BHCA RAKER
SRR A BR 2 ) 4 L XA T it , B8 [ - 3
KB (6.0 £ 0.2) ¢l H Rl ALY,
Wl J5 Bk i A K AR R R SR H o

TR PR S 7K Ay T T8 DR 2 e s A (X1
WK, IF 8 G s o A B (NH,CL) | g BR 41
(KNO, ) K W iR & — # (K, HPO, ) DLARTIE ] /K K

BCE S ANALEA, 2300 o JCAE A () VR
(C) F-IR4] (CL) | Fi-MR-1E 2] (CLB) | - BRI -
2 (CLBY ) , A58 BT FH 114 25 b 26 90 B L BLA%
ROUNEIRIE , £ AL BRAL ) AR MBI W3k 2, B2
B3 APAT, HOK A A W) i B o TS
B, TEIR KRS R G, VUK Y R 3h
Y- g Ry 54 LORPIR: B = 1:S) I, R
Ginl i fe € HoK R EA B A, BB AR N
TS em JER) A SR DL E AR &, A 60 L fiE
il 4F s B SR AKAR . W S A R GUK IR
WROFEA — 5, Z 54 2 RiAT— PORMER
PASE UK S 0 BAL 45 A5 23 17, iR 4E £ 24 d
TRESS b b 75 % 4 (DO) (BR B (pH) L B R
(TN) E#E(TP) AR (NH, "-N) o KB4 U,
BRI SE B R 3 23S LKERR S
JEid0.22 pm JEMEE, - 80 CHRAFHI T RE T i
I LA A 240 e e v 45
®1 ABEHMBRKEEFRERERE

Tab.1 Mass concentrations of nutrients of lake

water at the beginning of the experiment

0 X AR . ERMTRAE AR
FSEEFETE AT I KB K P A3 ui s concnin e o
- of nutrients/ ( m, eutrophication
AR 1o TN 2.639 + 0.032 PAES
1.2 7% TP 0.289 =+ 0.006 S
B S NI T AR R 24 Chty, Ik NH, "N 1.123 + 0.011 V%
R2 KATRELESRGUEENERE
Tab.2 Underwater microecosystem building biological configuration
%' W B RR =AW iy
No. Vallisneria natans/g Bellamya aeruginosa/g Hyriopsis cumingii/g Carassius auratus/g
Co - - - -
C 180 - - -
CL 180 24(11 H) - -
CLB 180 24(11 H) 120(3 H) -
CLBY 180 24(11 H) 1203 H) 36(6 &)

1.3 DNA $ZEXFA PCR ¥ 1%

W 1.2 AR B R T, 2 BN G0 TR
B K2 DNA |, 25 2. 0% B M e Ise ek A U, 43
BrFeAs DNA [y 528k, SR 140 16S rRNA %k
WG4 T PCR 9738, 519 B3 an 3k 3 Fios , i
A A AR PCR IR (20 L)
£ .5 x Fast Pfu Buffer 4.0 L. 2.5 mmol/L dNTPs
2 pLUEE S (S wmol/L)0. 8 pL i 514y (5
pmol/L)0. 8 uL, Fast Pfu BATG 0. 4 ;LL\EEU‘&
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DNA 10 ng FhR EDUUAE K 20 Lo 355 M
95 CJZ i 3 min;95 CA5PE 30 5,55 °C Bk 30 s,
72 °C FEAH 45 s JEFR 27 ¥R ;72 CHEAH 10 min, f§
F510 CLAL N, B 3 AN KA —HE
i PCR P4 IR 45 I 1T 2. 0% BN W6 M v U A
W, 4 DNA B g 9] i3 551) 4 ( Axy Prep, AXYGE
23 F)) DI e PCR 74y, Tris-HCL e, SR 15
56 E i 2 %0 (QuantiFluor™-ST , Promeg /A 7] )
PEAT 5 AL I, 0 Py e R AT A A
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PCR e &3 th Ll Se & AL A ml , 4Gt AY

[ R alll S

x3 5l#igit
Tab.3 Primer design

i H Item I X35, Sequencing area

5| ¥4 K Primer name

5|H %] Primer sequence

/1% Bacteria 338F_806R

338F ACTCCTACGGGAGGCAGCAG
806R GGACTACHVGGGTWTCTAAT

1.4 HIERESSHF

iz [ Microsoft Excel 2007 o 475038 48 i1 43
Hr, K B4 GraphPad Prism 7. 04 &b 3 322
il BT 5 Sl Wi =5 B2 3 M S TU 4R 73 BT (RDA )
P R 4.0, 3 FROF3E47 41 18] 5 £ 7 SPSS 24. 0
HEAT B R J5 22 73 Bt (One-way ANOVA) , P <
0.05% R ERF B

2 AR50

2.1 JKMRIB{L4FIE

RIS IIE] 5 A [] b P 2H 7K A 25 1 2 Ak 4
PR B AE i &I 1) S A (TN)
A (NH, " -N) 8k BN B (1’ 1) ,0 ~
12 d,C.CL.CLB ZH it 2 0 & b Vs AR, 3 4 5
FRAECR B EEZE 5 (P >0.05) ,C HAR LR
ORI, HHA 4 42557 B35 (P <0.05) ;15
S50, CLB 2H 1 B A&k i Je (IR, HL 5 HAth 4 4
2R (P<0.05),CL HA B WKE R, HY
CLB HZERAWE (P >0.05) , A0 P SBk
HEEBETEESR (B 1), ZFETRE.
IR AR (DO) & i i S AR AR (L 5L i 3 b7
e, BT B2 B AR T HAh A 41 (P <0.05)
2.2 WEEEEMEEEMSHY

f 2% 4 n] 50, BT A BE 5L 1 7 55 12 ( Coverage )
BI1E0.98 DL b, B0 B A U e 45 R R B 1 AR AR
H AR IR LS B0, BESS R T HE . Chao 54K
Hl Ace $8BERALE T 40 1 £ 6 J2, P& BOR U B i
AW E R . Simpson 5 44 Al Shannon 454
FAE T HE RN, 1 AR, J5 58S, B
YRR R . Chao FI Ace 551148 fL 4
A CIB4 >CLBY 41 >C 41 >CL 4 >C, 41,1
Shannon F5 )22k # ly C 4 > CLB 4 > C,

41 >CL 4l >CLBY 41, L, S RUL, F5 (Y
T 2480 AR ka3l CLBY 41 > C 41, ZREMAR Mk
ol CLBY 41 <C 41,
2.3 MEYEHEHANERERESHT

I DU P45 22 T RERS IR R G2 OTUs 43
il Venn E (B 2) . WNEIFRTLIE 5 4K
TA R OTU /5l 1223 4~ .1 614 4~ .1 312
A1 716 ASF1 1 545 4 A 1) OTU % Ay 509
A, OTU it i 2 19 CLB £ 5h 1Y 29. 66% ,
OTU e /L1y C, FESLAY 41.62% ., CLBY 4%
A OTU Bie i %, 4y 287 4, Hiz#fdh OTU &2
) 18. 58% ;5 ¥ A R EE AR 1A CL, X
5.03% \Eiit F& , SRV 4 FhA9 )5 W1 el
AT TR T AE RS AL o

AR PCoA J3 M R Ml s AL A [ VR )
FlZH B A AR BLEE , 45 AN 3 B/, PCoA T
P B AT DL R 68. 25% By , Herb of
—Hh (PC1) 1] DLl BE 44. 64% 19508, 45 —
(PC2) ] LU ¢ 23. 61% (1%t . MK a] LIF
i ,C, .CL Fll CLB 4 RAETE—ie, FWX 3 4FE
A R I8 S5 A A LB B o 1T CLBY ZHAESS
— R S AR 553, U CLBY 414
fir OTU P2 5 HoAth 4 4147 4E 25 5%, RIS £6, ]
ERUE R R AR B AL, C 4 AESE —Hl I
TEE A 4 41, FRW] C F CLBY FEAS (11 7% 21 1
HHAEAZ SRR, XU THEEASBE S
TR PR 15 525 ) SUAR AR AR AR B () B 7 AL,
R TARERS 5 58 A T8 UL S BE, XA i
A AR T, TR 34 5 DOKAR &
16 52 B AN 2 Xof ZK AR Tl A 0 i 25 4 7 A 26 R
B EAE
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B} 1& Time/d
(e)
1 FHEKREEFHER
Fig.1 Change of water environment factors in treatments
x4 FAEESHMEEN
Tab.4 Bacterial community diversity index
T H Ttem Chao Ace Simpson Shannon % Coverage
Co 1 157.096 1277.932 0.032 4.475 0.991
C 1 508.908 1 562.943 0.018 5.037 0.988
CL 1 312.405 1 555.069 0.035 4.270 0.988
CLB 1 658.308 1 791.068 0.033 4.704 0.986
CLBY 1516.291 1 578.854 0.087 4.128 0.988
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Fig.2 Venn diagram of OTU number of planktonic bacteria
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Fig.3 PCoA plot of bacterial

community at OTU level

2.4 WEMBEARST

HRYGE AT 25 5, o LIAS AL S ASARRE
FRRAED RGP T TAHX W E 4 Pros, 248
TR (42.27% ) ~F- 448X 3 B e K, AR Ok
LRI1(20.79% ) AUFFRT1(20.7% ) GEAHEH]T]
(8.22% ) s BIC BT T KW T T AU I 1] 19-F
YR B kB T 83.76% , ARIAEBRS
KRR T TR X F B A 25 57, B TR TR T 1Y
AR B K, 7E G 4H.C 41F0 CLB 41 45 /5
53.76% 43.40% 1 45.97% . 7E CLBY 41+, il

FERT T FEAEKR, 2 30.56%  BEE KBRS
W AR ARSI IS 22, A8 T TR T AN R 20 B T R R R
FREREAR BRI A B B, TR B T )R 18 1)
ST

FKEAET RGP BIE R EZE KR
N oI 1 20 ( a-Proteobacteria ) Fl y-72 1 14 4
(~y-Proteobacteria) , H.H a-ZF I NN HE H £ Hy
ZLFF R ( Rhodobacteraceae ) 4 , 1M y-A8TE F& 24X
H LS B B Moraxellaceae ) i J5 22 . HIX P
A AR 22 T R AR B A AL T RE L BETS A
HEAKAR R AL AR

J@AKF AT 3] 726 4~ HE, C, . C CL,CLB,
CLBY 2 b i) 3 £ 9 43 30| SR & T 481,533 481,
565 547 Mg o AHXT A= BEALFEHT 1S 1Y 41T 4H 53
OIMTA R BN (B 5) , 2% 2R G0 b 20 T v 4 22
SR . 5 AKAEZ B AFTE 2 M 25 S i v i 2
TH T & ( Flavobacterium ) | Edaphobaculum |
ST 1R & (Acinetobacter) ZLFFRFL T HIR KIS
(unclassified _f _ Rhodobacteraceae ) . 73 £ ¥ 1 J&
( Mycobacterium ) %5, CLBY 4+ /) ¥ T &5 & .
norank_f_Sporichthyaceae %15 .3 2 T HoAth 4 41,
1M Co 2 BT IR & B 5 /0 T Hofth 4 41 CL,
CLB ZH h /p B T e e 1o 5 22 T HAh 3 41, 1
C, CLBY 4/ Edaphobaculum 15 5.3 /b F HAh
34,
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BWProteobacteria

B Actinobacteriota
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I Cyanobacteria
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Percent of community abundance on Phylum level

4 [KFELEAFBEWNEITEE

Fig.4 Relative abundance of bacterial community at phylum level

Kruskal-Wallis H test bar plot

mm C,
Acinetobacter * 0.025 mmC
== CL
unclassified_f_Rhodobacteraceae E * 0,035 — CLB
@ CLBY
FlavobacteriumE = 0. 009
Mycobacterium#l +* 0.014
norank_f_ Sporichthyaceae E = 0.013
CL500-29_marine_group E + 0.014
norank_f norank_o_Chloroplast r * 0.012
[}
=
Sphingorhabdus r * 0.011 g
A,
hgcl_clade b 0.334
norank_f norank_o_Chitinophagales F * 0.012

Edaphobaculum r ** (0,009

Rhodobacter * 0.013

norank_f Rhizobiales_Incertae_Sedis * 0.015

Synechocystis PCC-6803 0.017

unclassified f Comamonadaceae * 0.015

TT1TTT

0 2 46 8101214 16182022
Mean proportions/%

5 HmEAHHEES -test LB (BAKF)

Fig.5 t-test comparison of differences in the number of bacteria betweem samples ( genus level)
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IIHTAERANIE 6 Frs . [ 2 A Aebrfl RDAL Al
RDA2 Xf 21 T 1 Vi 25 #4903 A 1) 5 fik B8 5 0
94.15% , 73 Hr 8 R AR X AT 5E

RDA 73 #r &5 2R 2 /R, 3 % (DO) | B &
(TN) I (NH, " -N) R 7K A4 Hh 2 T 3 7 25 4
SN, Ho DO pH 575 37 3 & 4 52 DA 5 5C
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. C.CLBY ZLHUEYIIRHA R £ E IR R
i S IEA G, CL CLB 4 AR W) A0 A Fh B v =
JESEFRER SR R UM, RITE SR & BT &
i, C.CLBY A E WIS miiie ik 1 23 2,
iy CL \CLB L. MARRKF k%, CL 4
PTG R R B ] 7 A3 CLB 4L 50
TR LR G WA (DO) Rk
(pH) H AL, MR R T TR B, B IEA
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Fig. 6 Relationship between environmental factors and planktonic bacteria structure
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A 5NN i 4 R R R el A W A v
ARACI EAZINER , i 37 1072 Ak 32 BRI
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WA S IR YRS R Y I T K
BRI G 1 A W18 B 1 PG K MR B W v
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Effect of multi-trophic freshwater ecosystem construction on microorganisms

HAN Zheng' , TANG Chunyu®, SHAO Liu'", CHEN Siwei', ZHANG Shengman', HE Peimin'"

(1. College of Marine Ecology and Environment ,Shanghai Ocean University , Shanghai 201306, China; 2. College of Water
Conservancy and Civil Engineering , Northeast Agricultural University, Harbin 150030, Heilongjiang , China; 3. Engineering
Research Center of Water Environment Ecology ,Shanghai Ocean University ,Shanghai 201306, China )

Abstract; Microorganism is an important part of freshwater ecosystem and its community composition is
closely related to water environment. Five experimental groups were set up in the laboratory to simulate the
population structure of the ecosystem by planting the evergreen submersible plant Vallisneria natans and
introducing Bellamya aeruginosa, Hyriopsis cumingii and Carassius auratus. In this paper, the effects of
different aquatic organisms on bacterial community structure were explored by constructing a multi-trophic
freshwater ecosystem. The results showed that the dominant bacteria groups in the freshwater ecosystem were
Proteobacteria, Actinobacteriota, Bacteroidota and Cyanobacteria. The existence of snails, mussels and fish
greatly reduced the number of Cyanobacteria in the water, which could effectively control the overreproduction
of Cyanobacteria. The bacterial Shannon index was higher in Vallisneria natans and Vallisneria natans -
Bellamya aeruginosa - Hyriopsis cumingii, but lower in Vallisneria natans - Bellamya aeruginosa and
Vallisneria natans - Bellamya aeruginosa - Hyriopsis cumingii - Carassius auratus. RDA results showed that
there were significant differences in the abundance of microbial communities among different systems. The
introduction of different aquatic organisms and the content of DO are the direct factors affecting the change of
microbial community, and the change of nutrient concentration is mainly dependent on the interaction between
aquatic organisms and microorganisms, which is an indirect factor affecting the change of microbial
community. In conclusion, the construction of multi-trophic ecosystem can not only improve the water quality,
but also increase the diversity of bacteria in the water, change the community structure of bacteria in the
water, and make it more healthy and stable.

Key words: multi-trophic; freshwater ecosystem; microbial community; biodiversity; redundancy analysis
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