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Response of microbial community succession to degradation of
submerged plant residues in Taihu Lake
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Abstract: Organic matter degradation in shallow lake sediments is a key process in regulating the
carbon cycle and greenhouse gas emissions, while the mechanism by which submerged plant
residue degradation regulates the long-term succession of microbial communities has not yet been
clarified. [Objective] To investigate the mechanisms of microbial community succession driven by
submerged plant residue degradation on long time scales. [Methods] We investigated the
degradation dynamics of Potamogeton wrightii residues in Taihu Lake sediments through a 4-year
microcosmic simulation experiment and analyzed in detail the dynamic impacts of organic matter
fraction evolution and extracellular enzyme activities on microbial community succession.
[Results] The rapid consumption of labile organic matter pool was accompanied by a surge in -
glucosidase activity, while the accumulation of recalcitrant organic matter pool was coupled with a
lagged response of phenol oxidase activity. Microbial communities showed significant functional
differentiation, with Bacillota and Basidiomycota dominating the degradation of recalcitrant
organic matter pool in bacterial and fungal communities, respectively, revealing the metabolic
division of labor in the degradation of lignin-like polymers. Variance decomposition showed that
both labile and recalcitrant organic matter pools independently explained microbial community
variations, highlighting the role of chemical complexity of organic matter in screening functional
taxa. [Conclusion] Degradation of submerged plant residues significantly drove microbial
community structure succession in the microcosmic culture system, and microbial community
composition and organic matter fractions showed synergistic changes. In addition, the degradation
promoted the growth of microorganisms with different growth strategies. This study elucidates the
dynamic interactions between microbial functional differences and organic matter pool complexity
in the degradation of submerged plant residues, providing a theoretical basis for carbon stability
assessment and ecological restoration of shallow lakes.

Keywords: shallow lakes; sediments; submerged plant residue; organic matter degradation;
microorganisms
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Table 1  Sampling information of 12 sediment

samples in Taihu Lake

LG BN SRAFIS[B]
Sample name Sample time
SP1 2016-10-18
SP2 2017-04-16
SP3 2017-07-25
SP4 2018-01-21
SP5 2018-06-30
SP6 2018-12-07
SP7 2019-04-06
SP8 2019-07-05
SP9 2019-10-03
SP10 2020-03-01
SP11 2020-05-30
SP12 2020-09-07

th, LP ARG Yy ae 08 Ps R F 0 B YR (AN £F- 4k
K., P4 R), HEhA R MERIGE ) E I
RP (1A 57 22) i AR 2 0F 1K 0 e A i 13200,
L A1 35 P D T A T B B 114 T 5 e
o SN0 SR AR T 10 W X A AR AR vp
AR MKARBE ST, B-HIAINE T Bl 5 21 4 W5
SRR R BE TR OCEE, T ARIR R e T VLR
Wy b 5 W fi A ML (LP)FE B f a1 o AR 3R
1 S AR il 32 2 AL AR B 2R i 2 fb & W itk
TP fb N, A ALY i HaO0 AL AR TR
Ak, AHE MR R e 0 0 FRe A& Y,
[T 1 (3 o M A e A AL A A s 1),
1.3 BYULRASNE

1.3.1 2 FA¥Lx(total organic carbon, TOC)
ME

SR 4% R A0 AN i $ i T 22 TOC &
FREC 0.1-0.5 g KTt iR, , A S mL
0.8 mol/L iy KoCr,O; 5 5 mL ¥ H,SO,, F
170-180 °C il i f# 5 min, RHEMASIES
kR 7R 3-5 9%, SR LA 0.2 mol/L ) FeSO4 i
EBRLE, IR EA VR &R
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1.3.2 S FEREBENROQLP) M XMEEB R
(RP)HYN E

2 18 Rovira S50 1) 23 G AR B I 72 ) B At
A LT (LP)FIME R A A LR (RP) ) i, Horpr,
SEIEANLT 1 (LP 1, T RARLF 4= 2k
Yli): HL 0.5 g WAt il s Ui AR, M
20 mL 2.5 mol/L 1Y H,SO, it ‘& 7K fi%t (105 °C .
30 min), 4 000 r/min &.> 15 min B 15 ; 5
B AN I (LP I, FENGHEZLEYR).
BCLP I 244 2 mL 13 mol/L /Y H,SO,4 = ik
W RARG KRG, FikEE 1 mol/L 3T 105 °CiK
fi# 3, 4000 r/min Z.0> 15 min B E3ER, 7% H
Yrim 20 mL ZE K B E L, B R . HE
A DL (RP) MR . 4545t sl i oo
ZE ML (BuroVector 23 BN E . AWFFEHFS LP 1
FILP I SFRM LP,
1.4 BRSMEGIEMENE
1.4.1 5hiJ]E BB PEDE (exoglucanase, Cex) &
430 ZE

B 1.0 g BFEPURRY, H 0.05 mol/L Y EER
BN PP (pH 5.0)H5 BE 2 10 mL, {34 545 ol
PRI . B 1 mL BTRREELOE T, IMA 1 mL
FOHIFIFN 1 mL X il 5628 5L - B-D-2F 4 — W 41 (p-
nitrophenyl B-D-cellobioside, pNPC), £ 50°C FJ%
% 30 min J5, 5000 r/min Z5.0> 20 min, FfiJ5HF b
HWEIA 25 mL AT, A 1 mL HKEE 2%
ARIFREN(Na,CO5), EAEZE 25 mL, ##E 20 min;
A3 ECEE AR 410 nm AR EEWESERE . LIXHAY
FEH ) (p-nitrophenol, pNP) HFRHEYI BT, Z: i br
LIS
1.4.2 B-BEEEEEE(P-glucosidase, BG) &M
M ZE

DU IR S Ab 5 Cex W PRI E AH IR . 78
BLE TR INA 1 mL B IFR A 1 mL pNPG, 1E
50 °CF 2w 30 min J5, 5000 r/min &5.0> 20 min,
BEJSH SR 25 mL e @& T, A 1 mL
WRE 2% HUBRIREN(Na,COR)AEW , EAR R 25mL,
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i E 20 mine A THAE 410 nm AR
JERE. DL pNP AFRIEYIT, 2lbrifE ik,
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EESVIN 2307 o N 1AV § )/ P77
1.5 DNA 2B, SBENFMBHES

e BRI B P bR R E T SR, A E.ZN.
A. Soil DNA 71 £5(Omega Bio-Tek 23 )) \ITTFH
YIRE S iR LN 41 DNA. ST FE 5 DNA
RS, BUFH S, 45 16S rRNA A ffi
JH5 14 338F/806R #E4T PCR 474, E B ITS fii
FH5 149 ITSIF/ITS2R #E4T PCR ¥ #4222 S 18
FIRIAE A5, K PCR P2 QuantiFluor™-
ST #4528 Y6 AE 1 R 4t (Promega A 7))L TR %
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i, T Illumina MiSeq ¥ & ( R E T A2y
FHEA PR w)FEA TR0 (2X300 bp)>* 2,

i fastp ZF 0% J5TE X 0 P B340 261 7
P b s ug AR B EAR T 20 AYBREE, X
50 bp W AN E H(E H TN 20 TEL
Wiy, SR E/NT 50 bp 3k & N BIE R 1
it FLASH 8P BRI 51, S8 B
overlap £ & 10 bp, fx R4 FC % 02, 3T
barcode (85 HCEL=0)F15 | ¥ (e KA ECEL=2) X 53+
AR IE P 5 J5 1) o F) ] UPARSE 4 {2
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(operational taxonomic unit, OTU) & 28 If & B ik
HIF5 . i RDP classifier™ HE47 53 282453,
4545 Silva 138 (4H11#)F1 UNITE 8.0 (L) g 4
HEATYIRNERECEAS B 70%) . SIBRIMSRIA . 28
R B AR FHE OTU ((UPR BETE 3 AT P51
=5 HF5E0a =20 i OTU).
1.6 it

{11 Excel 2016 FR A4S 1850 [ 46 KOs 344
WIS 5T BUEYIREE o ZRETEIE
(Shannon 5% . Chao #§%%)i# i3 mothur 441>
(v1.30.2)31445, FRH Wilcoxon LA I 31T a
ZAEVE B AL IR 22 52 3 7 (P<0.05). FIJH R i H
(v3.3.1) vegan 1 (v2.4.3), %tF Bray-Curtis fff %5
J B4 3k i 4T 32 48 BR 49 AT (principal coordinates
analysis, PCoA), Jf4%4 PERMANOVA k&%
Ror 56 3 M FE A A T8]G4 1 22 e 2 7 I
o FZMEF 0 43 #7800 1 (linear discriminant
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0.05) 8 7E AN [F] 2H 18] = B fib 35 22 S B A e At o
fiff 1 3 F BE B W 70 & 4> BT (distance-based
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ERORIR ALYk G 7/ 2y Al AU e T |
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Figure 1 Dynamics of TOC, LP and RP contents in

Taihu Lake sediment over 4 years.
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Figure 4 Relationship between the species composition of bacterial (A) and fungal (B) communities at the

phylum level and the time of domestication in Taihu Lake sediments.
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Figure 5 Significance analysis of the difference in species composition at the phylum level between bacterial

(A) and fungal (B) communities in Taihu Lake sediments. * P<0.05.
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Figure 6 Temporal dynamics of genus-level species composition of bacterial (A) and fungal (B) communities in

Tathu Lake sediments.
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Figure 7 Linear regression models of organic matter fractions (LP, RP, TOC) and microbial community

diversity (Shannon index, Chao index, PCoA analysis) of bacterial communities in Taihu Lake sediment. A: LP
with Shannon index; B: LP with Chao index; C: LP with PCoA analysis; D: RP with Shannon index; E: RP with
Chao index; F: RP with PCoA analysis; G: TOC with Shannon index; H: TOC with Chao index; I: TOC with
PCoA analysis.
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Figure 8 Linear regression models of organic matter fractions (LP, RP, TOC) and microbial community
diversity (Shannon index, Chao index, PCoA analysis) of fungal communities in Taihu Lake sediment. A: LP with
Shannon index; B: LP with Chao index; C: LP with PCoA analysis; D: RP with Shannon index; E: RP with Chao
index; F: RP with PCoA analysis; G: TOC with Shannon index; H: TOC with Chao index; I: TOC with PCoA
analysis.

>4 actamicro@im.ac.cn, 7 010-64807516



WA 5 | BAEYIEEAR, 2025, 65(6)

2699

FLAREE T o ZREE S RP & A e PE iR e
T LP %5 TOC frat. X R ERRE 25
it RP A BB 05 5 2.
232 WEMBEHEEHIAEIBYIRASH
M) 2

AR OCHERR B 3 A (K] 9) & B, DI Th
A W 7% 2 3] LP A RP (3L [R50, TE4H
EAEE T, ZEATETTS RP & & 2 B35 B
K, 5 LP HEMNEEENMG;, SZMk, M
FCIR TR ] (Nitrospirota) MR SR ] 5 LP & &
HERFEIEMK, 5RP FEEAMHE, XEIE
TP T TR D RE EZA/ER T RP 41501 J5 46 ik
R, AR T AR R B T A T RE AR
T LP Ao thedia i #2BY,  — 3 kR e
E T UL A HL e S5 0 e R (A
9A), TEHEMWMES, MTEIIAMTEEIS

A 10
orugzel @ @ M 5

oTu2226 ® « & | - 00
OTU8042 @& © & -—0.5
I -_,

OTU1943 |
OTU3987 |
OTU7752 D © I Phvium
ylu

OTU3d62 ' I ® Bacillota

TU142
8TE457§ I @ Actinomycetota
OTU10269 I ® Chloroflexota
OTU6727 I ® Desulfobacterota
OTU7357 I Nitrospirota
orusss @ - @ | @MV
OTU9752 @& ) Pseudomonadota
OTU4246 @ o ® Acidobacteriota
OTU5984 |
0OTU1972 I
OTU10260 @& *
0TU9843
OTU10512 @&

S &

<

LP &m B Htk, P 2401 J(Rozellomycota)5 LP
TR IEASC, XRVIHFRE S FRENE
TN FH R R A A I R A MERR AR 4 430, i B 25T
ITTREAERIYING LP 47 ferh A% —E (] 9B),
$£T Bray-Curtis 55 1) dbRDA 43tk —2
YSUE 13X —TE Wi v 2540 22 S AR (8] 10). 48
TR 55 L TRV 7 A (6] 9011 s 1] 7 7 45 Ay 1) 5
PR 25 e, WG IR HERS , ASTW)2H R] Y 22
S ANWTHE (K] 10), X F W IR B RUEE A 5%
TRBE A 2 30T AR R A T AR, IR
ST AE P BR AR 1 B A o R R S A W R VR )
REFRIATF I O L 2R
233 FIERHEFHHFEDBESH
(variance partitioning analysis, VPA)f##4T
it VPA sl T ORMITTAR Y 40 TR A T 7 AR
ZE S PER PR BT SRS 2R o RP A) LA ST A e 40 1

OTU2000 o™ (1)2
OTUI%!1 ® ® ® [| - 00
OTU2266 ol
oTu2417 & » @ || "=10
oTU2336 & - @® |
oTu19s ®  ® -

ylum
giﬁi;: I ® Basidiomycota

95 I @ Ascomycota
8;3147&87 ® ~ I ® Unclassified k__fungi
OTU2674 @ @ I @ Rozellomycota
otuu @ @ |
OTU1896 I
OTU2537 I
OTU2227 Y |
OTU3169 ® i
OTU303 i
OTU2428 I
OTU2782 i
OTU480 Il
S &S

&9 XA YIHMEA)SEEB)EEEHI1KFOTU Spearmanfh i < #4E

Figure 9

Spearman’s rank correlation heatmap of phylum-level OTUs for bacterial (A) and fungal (B)

communities in Taihu Lake sediments. *: 0.01<P<0.05; **: 0.001<P<0.01; ***: P<0.001.

http://journals.im.ac.cn/actamicrocn



2700

YAO Wei et al. | Acta Microbiologica Sinica, 2025, 65(6)

TEVR 77 e 2% S Y 27.939 5%, EBI TR T 4
KRIRRREGEE AR S, X ZEAFE
14D BRE TR A I s PR . LP Sl ST B
WV 22 PR 26.562 0%, [k T TEAEYI SRR %
fif T LP X M B ] S RE B B T RE B
REA SRR HEE R, TOC M ~7 M BRRE VK 22 bk

A
1.5 i oYl
" Y2
1.0 : oY3
. ovs
0.5 i
<
£ 0.0
<)
& -05
<
O
-1.0 i
-15} i J
—2.0 | L I 1 1 | I i 1 1 I L ]
o > V.0 PR\ g% o B
/\. /\. /\. /\. /Q' /Q' /Q' /Q. INBENEENY QA QTN

CAP1 (17.44%)

) 12.009 0%, a8 B LK AE A% 8 1 £ a5
] 422 5 WA TR RE 45 4 . LP 5 RP 1Y 67 38 HLAE )
(=34.776 6%) 3 B W & 17 16 . & M HS b ¢ &
(E 11A).

FLREREVERY VPA 4307 i7R,, RP STl BERE
7522 51 26.499 0%, 87~ T RP ilid ARl E I

25 : . oYl
E oY2
2.0 | ! eY3
3 oY4
1.5+ E
< :
S 1.0+ ~ !
\l:./ 1
(|l
(a9
<
@
L] '
-LO I L 1 I ; ! 1 1 I I L L )
QP 6 XDV Vv X Q. Vv X 6
/\. /Q' /Q /Q' /Q' AUV QT QU ATATANINTNAS

CAP1 (30.47%).

E10 KA 4HE(A) S B E(B) A S LB IR IR B AL

Figure 10  Environmental drivers of bacterial (A) and fungal (B) community structure in Taihu Lake sediments.
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