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Degradatmn and Restoration of Reed Wetlands in the' SPngnen Plain .
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(1 Ke} Labioratory | of Envifonmental Biotechnology, Research Centet for Beo- Env1r0nmenta Sciences, Chinese Academy of Sciences,  Beijing 100085, China; 2. College of
Redotirces afd Environment,, Uniyetsily of Chinese Academy of Sciences, Beijing 10_1468 China; 3. School of Life Sciences, Unlversnv of Science and Technology of China,

Hefei 230026} China; 4. School of Water Resources and Environment, Chifia Unnersny of Geosciences, Beijing 100083, China)

Abstract . lW'etlands are an important global source and sink of methane. However, human activities and climatic conditions are causing serious degradation of wetlands in
China. In response to this, the relevant departments have progressively carried out wetland restoration projects over the past few years. To investigate the response of microbial
communities of bacteria, methanogens, and methanotrophs during degradation and restoration of wetlands, soil samples were collected from undegraded reed wetlands,
degraded reed wetlands, and restored reed wetlands in the Songnen Plain. Microbial diversity and community composition were studied by high-throughput sequencing based on
the 16S rRNA gene of bacteria, the merA gene of methanogens, and the pmoA gene of methanotrophs. The results indicate that the degradation of reed wetlands results in a
decrease in bacterial and methanogenic a-diversity and an increase in methanotrophic a-diversity. Bacterial a-diversity and methanogenic a-diversity were both significantly
positively correlated with soil water content. At different taxonomic levels, higher relative abundances of Rhizobiales and Methanobacteriaceae were detected in the undegraded
wetland soils. Wetland degradation decreased the relative abundance of Rhizobiales but increased that of the pathogenic bacteria Burkholderiaceae and microorganisms resistant
to harsh and extreme environments including Sphingomonas, Rubrobacter, Methylobacter, Methylomonas, and Methylococcus. In the restored wetland soils, the relative
abundances of Bacillus, Methanosarcinaceae, Methanomictobiaceae, and the type II methanotroph Methylocystis were higher. Therefore, different wetland conditions can
indirectly change soil properties and, consequently, change the community structure of methanogens and methanotrophs.

Key words: wetland; degradation; restoration; methanogens and methanotrophs; bacterial community structure
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FEEA SR, KA TR RGBS B0
T T OR[RI AR B AR AL I b A R s
s IR 2R R A E S R B UIRE R AR
Pt TR b R AR S B i
ot 7 A RN A R 58 R 2 RN A= IR 2R ek s ) g
XHEH CH, HEBO™ A . 3T JLAFEAH TR I T HE
FAOT LR . Wi Bk 2R U0 F 5 5 45 E 20 b
S T R AR A A T H U AT T
T TR AL R o N AE 52 T8 M A AR S 5T, B AR
TAERE AR AR . 8 ) RE 4% T+ 45 7 i, & X
T IEBE VIR IR A | 2 REPE 2 S O AR A
W R A S T B A 5 T A DL R G o

AWFFE 3 T 2015 165 rRNA L[ . 7 e
merA FE R FTH e S8 AL B pmoA FE TR ) fes 3 ) ,

SRR BT A R PP e 3 P s

T B0 52 M A T K
H B 2RO RERE L O R g A P e Bt
FEPE BRI T2 R B R E AR
T SR M 5 6 S5 o M B A
i S AR B a L~

1 RS

1.1 EHERGE S

ARG Pl 2R B - 67 T A BT i (43°137 ~
48°40'N, 121°30" ~ 127°00'E) , RAEEH Hb |- A 9 15
RS AR AN AR B4R 3 A+ I AR R
WFoExt4: . DBL(47°11'55. 58"N, 124°14'8.20"E) ,
SRR AR AR 435 6 T e FAR ORI X A
PeFsFl, DL A AUV 3 e i + o 5 @ HL
(47°22'33. 68"N, 123°21'2. 47"E) , B K1Y 25 2510 Hb
487 TR LR X AN PR HE E IR HE K
FEQRH TR, P AERYE T AR ER M,
(BML(45°54'0. 80"N, 123°36'38.06"E) , 1F 7F S ifi
S 250 - 58 A T BB F AR DRI IX,
PR F B R AR AR, SR BT ]
2018 4 8 H , BRApRHh 1R I 3 A SRAE AR N AE
Yirr e A RS NS m x5 m WFE. #5218
“L"FIE R 2 SRR RIZ (0 ~ 15 cm)
THOFR A SMERN— DA LT 9 (R REAS. He
fif FIEFEARTE ACIRAF Tl £ ELRE, FREUKY
5 gt MEE T - 80°C VKA AF # HL DNA K 5 2k 5

_—

“uL, 2.5 mmol L'

-
=

55, Fl 40 L I3EAE AT - 20°C vKAE H T R4k
PR
L2 HEREARTR A B E

T4 pH AR B AL AT pH 3N 2, Sk
(total carbon, TC) Fll &% ( total nitrogen, TN) F] H
JCE S A HE AT, £ 3 F UK R (soil water
content, SWC ) i £ HE VL AT 2 .

1.3 12 DNA 4255 s i

- HE B DNA (HEEUE ] FastDNA SPIN 345 &
(MP Biomedicals, Santa Ana, California, USA) , #%
PRV B HE AT HAE. DNA B3 O R 2 1% i3
HEAHEE I FL UK B AT RN, DNA R R 8 % & 13 fifi 1]
NanoDrop 2000 ( Thermo scientific, Wilmington, DE,
USA) AT E .

{2 38 51 41 338F (5'-ACTCCTACGEGAGGC
AGCA-3") HI-806R ( 5'-GGACTACHVGGETWICTA
AT-3") 4 HaJFUZAE P 165 rRNA JE[H 1 V3-v4 &)
25 15 F 519 MLIF (5'-GGTGETGIVMGGAT
TCACACARTAYGGWACAGC- 3') Fil. MLiRA(5'-
TTCATTGECRTAGTTWGGRTAGTT-3") 4 H4 = B g 11
merA 3 BV, BT 51 9 AL8OF (5'-GGNGACTCE
GACTTCTGG-, 37) ! Hl, mb661R ( 5'LCCGOMGEA™
ACGTCYITACC-3") 50 2 AL T pmod S
PCR S WA ZR #: 5 x TransStart FastPfu %% M‘{ﬁi 4
dNTPs 2 uL, [ 3% 51 #
(5 pmol-L.™") 0.8 wL, TG ¥ (5 wmol-L.7') 0.8
WL, TransStart FastPfu DNA RE&T#0. 4 pL, #H DNA
10 ng, ddH,0 #ME % 20 pL. FMEA 3 A~EE. PCR
PHEFEFARUCN . 95°C TiAEME 3 min, 95°CZEME 30 s,
52°CIB K 30 s (merA FEH A pmoA J R IR KR Sy
60°C ), 72°CIEMH 30 s, FEFR 30 UK, ZJ5 72°C R e L fif
10 min. ¥R —FEARY PCR PR & )5 i 2% Bl
WEEE B 71 Ui PCR 7= ¥, #l 1 AxyPrep DNA Gel
Extraction Kit ( Axygen Biosciences, Union City, CA,
USA) AT RIS =W 4lifk, 2% S Ns BB Jie o vk kil
J1H Quantus™ Fluorometer( Promega, USA) X [Rl1i ™
YIEA TR E 5. {4 ] NEXTFLEX®  Rapid DNA-Seq
Kit A8, F A Mumina 237 MiSeq PE300 F-4
AT (I A R 2R A R A ] )

1.4 MFLs b aE

OEE| Fastp w1 ( https ;//github.  com/
OpenGene/fastp , version 0. 20. 0) "' X LA ¥ 7 51)
AT 4, ] FLASH 2K 4 (hitp://www. cheb.
umd. edu/software/flash, version 1.2.7)"" 3 17 Pf
$% 8 F} UPARSE #{4 ( http : //driveS. com/uparse/ ,
version 7. 1) ARG 97% MARAUEE X )7 41 54T OTU
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B IF B B o k2 F ) RDP classifier
(http://rdp. cme. msu. edu/, version 2.2) 2! %f 45 5%
JPAHEAT YR 43 28R, 165 rRNA K 531 LE X
SILVA #(#& J% ( https://www. arb-silva. de/, version
132) (23] , merA Fll pmoA R F51 X FunGene (4
J% (http ://www. fungene-db. fr/ version 9. 6) ! %
O E{E 70%
1.5 it

AHE 5 ] Galaxy HH 73 #7F- & (http://
mem. rcees. ac. cn; 8080/) "' Hl Origin {4 ( version
2018 ) Xof P J K 4 £ AT 43 B b B 43 A7 900 H AL 4 o

ZREMSHT . R TS o PR SCER S B AR

T A F A ] 22 7 531 i 135 pH FAIK. JR
KM Shannon $8§%0F1 Simpson 8 R A4 Y

o ZHREPEP Shannon TEECS MAY o ZREMESEIE

A%, Simpson FEECG Y o ZREMES TARSE.

FIUHH R T7 22 0 BT (ANOVA ) K 35 B it 25 T3 1

l%u&azﬁ@%ﬁmmwﬁa%ﬁﬁ%&u;

BEFAL D TR o ZREVEFS BT Péarson AHSGHE

T, LA A2 S B T 5 - A Fﬁﬁﬂk*tﬁ%u_ﬂ
k‘*ﬂﬂz- o %ﬁ‘ @zmaﬁma@ @“S] :f Q’FU

IS A ) BEVE 3R AT PCoA 43 #r, B ANOSIM

7 R v 2L 1] 2 5 2

HRE AR

Fer K B G A AR M Bl R R T ANOVA

7 A B O B T B 4 TR 22

S ORI
LEfSe (linear discriminant analysis effect size ) 737 J7
2 TR AN AR A R B 2 R AR O

2 HR5ITR

2.1 EEREER

3 LN - SR i A i A 0 Al A wﬁlﬁ
TR AREA LU pH Y B HoR 8 A i
ﬁﬂi%mﬁ%%ﬁﬁ%ﬁ%@ﬂi%d&&@ﬁ
G H - R | SRR
B TRAL IR HE , 35 1T A5 3L A3 b 2 A A
WRAE S B LT & B A 5. J5 ol 5 25
MK T K R, R K T T kR
67. 41% ; b R PH T AE AL 1 B0 M 25 7K
AE 138, Ak 3 TF e T 38 4 7k ol 44 5400 5
RV RE 65 200 1 122 L o T SO B
S R A K O AT I 2 Mok Sl
m, :Fi/ﬂﬁyﬂ 24539 . Y & W

o iiﬁﬁnugjﬂi'ﬂi MR S

.;.

Tablel B351C physwal and chemical properties of the .g(‘)ll samples

B & G pH J‘-' L | TC/gkg ! . TN/gkg™! SWC/%
2 |/BL ' 8.77x0.11a 27.57 2.66a 1.52+0.17a 67.41 +4.89a
| ¥R g 8.38 £0.03b 4 115782:82.06h 0.81 +0.25h 44.54 £0.95h
ML 8.85+0.08a" ~19°7 +0.78b 1.2 +0.07ab 24.3 £3.02¢

l)iﬁlﬂéﬁiﬂﬂﬁ = BRI 22 =3, AR I)/ING B RO 22 A K

2.2 EHEAIERIT B o 2 REdE

2 T IBRE S AN L R e T R o S AL T Y
Shannon 81 Simpson RN 2 Fros. AR H
- A 2 TR AN F e TR Shannon 154055 TR 1k
M AN S 30 o - SRR 5 X T e S TR RV
iBE R Shannon $8 80U &, s B3R 2 B R

SR RAG. 1 4 TR A Y5 B9 Simpson 8 KU AR AL
Shannon $5 UM 2. 4% 5 3¢ W 1 AR b5 B0+ 58 4
TR FRGE DT 1 22 R PR AT, TP e S AL TR 1) 22 R
B0 Pearson AHICHE 73 A 2 B, 40 7 A7 F A T )
o ZHMES TS KREREEMHKCKR(KR3),

XA BB T S K AR AR B O, T

R2 TEERMEY o SR

Table 2 Values of a-diversity in microbial communities of the soil samples

I HE 7 HGE T MR AL
FE S K 3 . -3 . -3
Shannon Simpson x 10 ™ Shannon Simpson x 10 ™ Shannon Simpson x 10
BL 6.68 £0.06a 3.37£0.81a 3.8+0.17a 51.29 £13.83a 3.06 £0.11a 113.54 £7.62a
HL 6.46 £0.04b 3.64+0.4a 3.48 £0.17ab 73.18 £25.04a 3.2+0.17a 90.24 £17.41a
ML 5.25 +0.39b 20.25 +9.52a 3.05 +0.22b 85.32 +24.32a 2.19 £0.84a 298.45 +207.35a
1) Bl o P IMH + bRl 22, n =3, AR NE SRR 22 1 B 7KK

#3 THEBAMRSMEY o ZHMEA Pearson XY

Table 3 Pearson correlation coefficients for environmental factors and microbial a-diversity

EHES] ] W be AL
HH
Simpson Shannon Simpson Shannon Simpson
pH 0. 496 -0.234 -0.00975 -0.457 0. 446
TC -0.193 0. 508 -0.542 0.0232 -0.016 4
TN 0.001 67 0.313 -0.477 -0. 169 0. 166
SWC -0.727" 0. 858 ** -0.568 0. 601 -0.569
1) *F ™ FREFMEREKT, * R P<0.05, ™ HP<0.01
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PP ot TR R 1 P DR TR, PR I 5 0O vy 1) - 39

FF ot T O 2 R bl g 2

2.3 AN R B e AR ) R AL
PCoA ZPHT&s SR (1) 8w 3 AEEAR B AEY

TR TE R F 2 H (P <0.05). MEFEER
PCoA Zr &5 RN El 1 (a) frzn, PC1 I PC2 43 51l il
BT 66.29% 1 24. 02% [FEE L5 F 25 5. 7= B 1R
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