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Diversity of bacteria and archaea in sediments of Longfeng
wetland and Dangnai wetland and its response to
environmental factors

TIAN Runmin®?, ZHAO Duo""*, HONG Yanhua®, ZHANG Honggqi', SHEN Guinan'?,
YAN Lei'?, QIU Huajiao °, WANG Weidong >~
1 Heilongjiang Provincial Key Laboratory of Environmental Microbiology and Recycling of Argo-Waste in Cold
Region, College of Life Science and Biotechnology, Heilongjiang Bayi Agricultural University, Daqing 163319,
Heilongjiang, China
2 Engineering Research Center of Processing and Utilization of Grain By-Products, Ministry of Education,
Dagqing 163319, Heilongjiang, China
3 College of Agriculture, Heilongjiang Bayi Agricultural University, Daqing 163319, Heilongjiang, China
4 Jiangsu Evolutionary Tree Biotechnology Limited Company, Xuzhou 221300, Jiangsu, China
5 Institute of Bast Fiber Crops, Chinese Academy of Agricultural Sciences, Changsha 410205, Hunan, China
Abstract: [Background] Anthropogenic disturbance affects urban wetlands and natural wetlands to
different degrees. [Objective] To study the differences of microbial diversity in sediments of two
different types of wetlands. [Methods] The sediment samples of Longfeng wetland and Dangnai wetland
were collected in winter and summer. The bacterial and archaeal community structures were determined
via high-throughput sequencing of 16S rRNA genes. The differences of bacteria and archaea between
the two wetlands and the correlations between environmental factors and microorganisms were
analyzed. [Results] The abundance of Thiobacillus, Bacillus, and Sphingomonas in the sediment of
Longfeng wetland was higher than that of Dangnai wetland (P<0.05). The abundance of Methanoregula
in Dangnai wetland was higher than that in Longfeng wetland. Anaerolinea and Methanosarcina had
higher abundance in the sediment of Dangnai wetland than in Longfeng wetland in winter (P<0.05).
[Conclusion] The differences between Longfeng wetland and Dangnai wetland mainly affect the
abundance of methanogenic archaea and bacteria involved in element cycling in the sediment. Human
disturbance and low temperature can reduce the diversity of microorganisms in the wetlands, and pH,
salinity, and alkaline phosphatase are the main environmental factors that significantly affect the

microbial diversity.

Keywords: Longfeng wetland; Dangnai wetland; bacterial diversity; archaeal diversity
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3T Al 52 B 2 R S A PR R e U, (Y
HIREER pH . HEK IR MIEIAR 5 2 A B 2 AR e
T 1 5l A ) R % B 2 BB TR R 2%, DA
MR TE DR s 254, e 1Bl i A S ) BE,
X ERG R A A DI RE A VRS, S
TIAAH G, R AR ) b 5 R A DG ) B A 2 i
i, DRI R h H ELAG R R L i
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7N, b A] ) A PR 7 2H G EL AR AR R AR AR
PRV, i RSB T K BF ST & BLIE P 32
BN oI HE M (Alphaproteobacteria)™; il B K
S5 e I T VR 1) T AR TR S HE A AR TR R
(Proteobacteria) . T+ | |(Planctomycetes). J&
BEDE | 1 (Firmicutes) . TR 1(Actinobacteria) .
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PAAE N AR 25 PRI 2 15 52 B SRS i) 4 T B4
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U A AR TN AR S BRI OB B
AL 1] 45 B2 g 3k i 3 M -5 % R T M ] A L AL F
TR

AW R FI RS 25 1R 2 Fh A
M BFFEXT G, AR 2 2 AR LR TR 136
35 IR R A WA v ZH 22 5 IR SESRT R EN
SR Bl R 20T 4 3 240 o A o R )5 )
X PRIE DR R M L, LA DA Golc A 0 4 4 N
YU SR Y 25 S B A 2 T, kiR M)
PR Wrde b i it 2 P sh A R A mT REE

WEERE

1.1 RHEERSHRERE

R T 4222019 4 11 A 24 H), BZ
(2020 4 8 J1 16 H)JRAE Jo KGR 5 B4 2% 1 0 IT
VeFEdh , BRI I BEH 5 A7 S TRAE
A PRI R — I AR [T 5 78 e R
5 AN RAEH A 226 B 43 ) R (E125°18.40,
N46°53.49), (E125°14.83, N46°52.54) . (E125°17.83,
N46°50.41). (E125°17.88, N46°54.19)FlI(E125°19.42,
N46°46.80), EYZIEHL 5 N RAEN S L6 4y
51 M (E124°19.43 , N47°4.44) . (E124°19.44 ,
N47°4.45). (E124°19.44, N47°4.45) . (E124°18.58,
N47°2.19)F1(E124°18.16, N47°1.43), & Z=HUkE
M HEE -8 °C, HEIFE Y HEE N 26 °C,
S PR R AR IURE , SRARIE B /K U8 A8 SR B
2 0-20 cm VR UTFRYIRE i, BEAOL SR FH s
BUOREYE: , REEFE M AR A o KRS AR A
KA A R @A b sy [ 5290 =, 4 A —
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50 mL 5.0 RAE T80 °CukAfi T, T Ia 2kt
ftr DNA (143 FRCRH 55 38 20 1
1.2 EZRAFIFNIE

KA. TR, KA RN B AR A
BRAF]; HIERLE, RumifRi2=iam 5 A
Mg, RELTOCE R ML Tt i, =& b2
Al B L BERROR AN, PRy, LIEE Ak
AR R A\ 2R, Rigm il A
B BREREN, ThFHm AR .

15U RAERR , VL4t Tl AR L T A 3
I BB AT, biM B EA YR A R A
JCEHTL, Analytik 2575 PLERERAL, Frra
MEREM AR A PRl 5 43T, dbat s brid
I AFA PR A
1.3 IEHERINMEEFNE

pH R - HE KR 2 0 Jr At A5 4% =X
pH i+l &1 543 (salinity, SAL)R FH%CE 75
G, A 25 mL Jo CO, MZEIR/KIRIE S ¢
MRHLIC VRS, IR e e, BRI I A
i R4 Bk (total carbon, TC)f# T E 47
1 NC2100 [& {4 el 2 5 &% (total nitrogen,
TN)##% 8 GB/T 33862—2017 J5 H:fli LG E A
A My BB (total phosphorus, TP)R JH B
Ws-EBR LRI (H 632—201 "™ A1
ML (total organic matters, TOM)R FH¥BE)k &
HEHT 761—2015) M5 BT 284 i (cation
exchange capacity, CEC)KF =& b/ N&= & 5i1R
- R (HT 889—2017) M5! s B
(protease, PRO)H FH el =l bt oyl & "™ ik
15152 i (alkaline phosphatase , AKP)fifi B R 7K —
A Eb e e e
1.4 RMRRMEAENRZ HENF

PEHL 20 A7 A5 AP0 L JES VR AT i TR P A
41 DNA, Ff&: 5 DNA $2HU5, RHA PCR §#
S ZH DNA 407 . & 16S IRNA JEH V3-V4

XA, 405140 338F (5'-ACTCCTACGGGAG
GCAGCA-3")F1 806R (5-GGACTACHVGGGTW
TCTAAT-3"), PCR JUWAKFR(10 puL): b . Fif
514(10 pmol/L)4% 0.3 uL, KOD FX Neo Buffer
5 uL, dNTPs (2 mmol/L) 2 uL, KOD FX Neo
0.2 uL, ddH,O #h % 10 uL. PCR [ 1w 551 : 98 °C
2 min; 98 °C 30 s, 50 °C 30 s, 72 °C 60 s,

30 RAEFR; 72 °C S min. 5148 Arch349F
(5'-GYGCASCAGKCGMGAAW-3")Hl Arch806R
(5'-GGACTACVSGGGTATCTAAT-3") ., PCR J%
o A 28 55 40 A TRl . PCR S 4544 : 95 °C 5 min;
95°C 1 min, 50°C 1 min, 72 °C 1 min, 35 X1
¥R 72 °C 7 min, DNA #2H(, PCR ¥34 | =il
I Y U E A A YRR R A E AR
[lumina HiSeq 2500 V& F#EAT 007 580, A
WFFEE) 16S tRNA FE[H 731 2 76 B Z A Pt
ORE TR O BRI R, AR AR B IE X G
NMDC40014032., {# ] Excel Fil SPSS 19.0 {4k
8RR ge o, A BE 5. IR
Wis -5 Origin 2021 A TARIE R 23l

2 BERXR504

2.1 ERGE#SEEZIEMERINEE T2
Wk 1 prn, JE X HLEYE pH 7.69-7.98,
M 0.12%-0.13%, L FREIIRE; B
TEHURYE, pH {H7E 7.89-8.12 Z ), i@k
0.16%—0.17%, EhBEALFREE & T XWgih . e X
M Hb YR A K 2 21T I i L o AR Y
FRIZRH, (B R, 5 AT Ee i A
SRR TRk A TR S, B
T HJEC V8 A ML 75 2t | P At i T e XL
M 0 Z s S SR P S R A
FAcHE S -5 B B JE AR O =0A ¢, B
B S R/ MUREE T IEA 7 T RO IE R
F1RO0 U P A W b RS VR AR AR R AT, W]
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M -

e XU 1 G I 2, P A 2 S 2 2
T RS A, i L 2R N [ e L
A B EVEZE R (P<0.05), & AMS SR &G
Wistd, UL FEgesE ) 5 b A n &
P, PUASIRHC VAR E IR G 5 A 2
B E TR RGBT IR R AR B
S G PR O R R AR, (HAR
IS R RR Y 5 i S W S R R UG

PN HII) A ZR AR A A S . ATHLRT .
R S R R R Y TR 2
22 RMIEREE D FEMES
22,1 EMIKREHAE o ZHEM

S JRUHE: b T ES 4% 00 RS e A i A B 2R 1Y

F1 ZREHEEERHEEERIMNEEFHH
Table 1

NP o ZREMIEEANER 2 Fis, Xt 4 areldt
20 PMRESHAHTE 16S rRNA FE[H V3-V4 Xl ¢
A5 2 402 499 Xt reads, 75 RiEHL . & ZEEY
it | 2y X RN I 2 R AR T i RS VR R
R BRI AN OTU 0351 1 711.1 614.2 624
127824, 4 MFESHEY coverage P IT 99%,
Ui B S I 2 T AT DA A b S B i A T
o ZFE . e W HL4¢ZR 1) Shannon $6%X . ACE
FRECF Chaol FRECMN T RAZS 1M, H M,
Ui BOE R Hb P e B 2 i 41 P AR R R B g
M B 251442515 . Shannon #5%%. Simpson $§
# . ACE 48%0H1 Chaol $8%07E 217 0] & & 1
25, BB MR M FE R E R T
Z=(P<0.05).

Physicochemical properties of sediment samples from Longfeng wetland and Dangnai wetland

Item & Z% Winter 2 Summer
Je X LF PiZs DN Je R 1f Pi%% dn

pH 7.69+0.08b 7.89+0.35ab 7.98+0.10ab 8.12+0.32a
4y SAL 0.13£0.03a 0.17+0.06a 0.12+0.02a 0.16+0.06a
Sk TC (%) 8.66+0.99a 8.170.49ab 7.86+0.91ab 7.29+0.51b
HHLE TOM (%) 7.3241.80a 9.47+1.95a 7.05+2.24a 7.50+0.57a
MAE TN (%) 0.10+0.06a 0.07+0.04a 0.06+0.03a 0.06+0.02a
FH 25 732 #e 42 CEC (cmol+/kg) 9.92+4.00ab 13.21+1.9ab 8.03+2.27b 14.39+5.26a
JH TP (mg/kg) 18.77+2.65a 17.48+0.49a 17.63+1.97a 17.21+1.64a
% (11 PRO (mg/g) 0.04+0.00a 0.03+0.00a 0.03+0.00b 0.02+0.00c
PR MERE R AKP (mg/g) 0.06+0.02ab 0.09+0.04a 0.05+0.02b 0.05£0.01ab

TE: A4 AR NG FRE 3R AN [R) 2 B b (8] 22 5 i P (P<0.05). T

Note: Different lowercase letters on the same line indicate the significant difference between different types of wetlands (P<0.05).

The same below.

R2 WHENAE o ZHEMEELY

Table 2 Alpha diversity index of bacteria in two wetlands

Item £-Z5 Winter X 75 Summer

JERCLF P4§%% DN Je R 1f BiZ% dn
Coverage (%) 99.45+0.22ab 99.31+0.18b 99.5440.17a 99.5240.20a
Shannon index 5.69+0.11b 5.82+0.12b 8.93+0.17a 8.76+0.21a
Simpson index 0.02+0.01b 0.01+0.00b 0.99+0.00a 0.99+0.00a

ACE index
Chaol index

1 271.00+64.00b
1 131.00+£22.00b

1 287.00+£22.00b
1 317.00+£22.00b

1 800.00+73.00a
1 860.00+£68.00a

1 788.00+83.00a
1 796.00+97.00a
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ZE g R Hb = BEHEZ AT = A B T 1A B IE A 1)
(Proteobacteria, 26%). JERER [ |(Firmicutes,
14%) . MATHE 1 (Acidobacteria, 11%); 2Z51Y4
Zn M HE 2 R0 Ml ] S AR R T
(Proteobacteria, 34%). k25 [ 1(Chloroflexi,
20%) . ZFHAMIEAT ] (Gemmatimonadetes, 11%);

1.0 -
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s
1

Relative abundance

02

0.0
LF DN

1 AR RAE KN EE

=y A RIS S AT D s IS S A |
I"J(Proteobacteria, 36%). 282 [ J(Chloroflexi,
16%) . BRATH ] (Acidobacteria, 13%); X Z=14
i FEEH AT S E N
(Proteobacteria, 30%) . FRFF [ |(Acidobacteria,
15%) . &5 ] (Chloroflexi, 14%). J¢JXUiEH
S U6 /Y R BE A ] (Firmicutes) A1 W5 ¥ T []
(Cyanobacteria)FJEFE 2 METHE TERIE
M, HAZER R EVEER(P<0.05),
223 RMEEHREEBEKTSHEME
VEPEIR IS R AE b BB 1% )& K-
AIANT, 2l AR B AR (8] 2). MR
M B A B (Thiobacillus) . AT # &
(Lactobacillus) . B2 & (Anaerolinea) . - fufT
W& (Bacillus) . $5 2 BEH LT 8 (Sphingomonas)
FES 53 AR 3 2 30 J8 AV B 28 R 2 DR AR 20 T 4N
(Anaerolineae)TE 45 HFFELI ML 2%, FEAZERY
B Others

B /errucomicrobia
] Cyanobacteria
Nitrospirae

B :okubacteria

B Bacteroidetes

[ 1 Actinobacteria
Firmicutes
Gemmatimonadetes

B 4cidobacteria

[ Chilorofiexi
B Proteobacteria

dn

LF: &g RO FE G s DN: A ZREY AR IS TR A i

If: B RUBHRIRFE M dn: HEPIBHUIRIRFE S . T [H

Figure 1

Relative abundances of bacteria phylum levels in two wetland sediments. LF: Sediment samples

from Longfeng wetland in winter; DN: Sediment samples of Dangnai wetland in winter; If: Sediment samples
from Longfeng Wetland in summer; dn: Sediment samples of Dangnai wetland in summer. The same as below.
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BRI EE RSN 10.17%. B RIEHE e+
W AT B & (Thiobacillus) . ZF T T J& (Bacillus)
R 2= B 5B 5 (Sphingomonas ) 5 U AE W 3
TEA 2T i 2 5 T RY AT H(P<0.05) , 7E44F
I =R b (R KT 43 A A P = B R AR B, IR
AU B (Anaerolinea) TE 4 ZE PA A 1R Hu I e HH (Y
FERERTRREH, EFMZ(P<0.05).
23 RMEKEEEZHMESH
231 HE o ZHEME

Xb 4 At 20 MERHETE 16S TRNA

1.0 -

0.8 |

0.6 -

0.4

Relative abundance

0.2

0.0

LF DN If

B2 AMTHERAEE KA FE

I V3-V4 KPR 2 399 091 X reads, &7
Je RGBHE . ARSI B 2R e R R 2
PU Ve st R BT TR OTU U il
1493, 1646, 1697 Fl 1915 4>, 4 MRESIGE R
& (coverage) Xt 99%, VdHHYETIN P Al L
AU i BB T B o AR . T KB A RS
Jerf Y Simpson, ACE . Chaol 88 E Z ke
i Shannon, Simpson, Chaol FHEF/NF 1Y
ST, PRI TR0 2 BRI AR A M Z a3
—3, B PIRTRHICTRAE R (3R 3). Simpson

Bl Others
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Figure 2 Relative abundance of bacteria genus level in two wetland sediments.

F3 MMEREE o ZHMEEY

Table 3 Alpha diversity index of archaea in two wetlands

Item 475 Winter X 7% Summer

JE X LF £§%% DN JER I %% dn
Coverage (%) 99.74+0.04ab 99.72+0.04b 99.7440.10ab 99.774+0.05a
Shannon index 5.06+£0.07b 4.90+0.13b 5.95+0.46ab 7.00+0.30a
Simpson index 0.02+0.00b 0.05+0.01b 0.92+0.02a 0.96+0.01a

ACE index
Chaol index

899.00+28.00¢
911.00+29.00a

1 167.00+£18.00a
1 187.00+18.00a

1 111.00+57.00ab
979.00+87.00a

990.00+56.00bc
992.00+69.00a
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TREAEZE R R B ER, EZRHIRIER &
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232 RMEEHAEEIIKTES S
Pk P IE R B 1 946 4~ OTU F41, A
473817796 44 212 H 319 B 483 J& 517 Fh, i
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Figure 3 Relative abundance of archaea phylum levels in two wetland sediments.
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Figure 4 Relative abundance of archaea genus level in two wetland sediments.
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Figure 5 Beta diversity analysis of microorganisms in sediment samples from Longfeng wetland and Dangnai
wetland in winter and summer. A: Winter bacteria; B: Summer bacteria; C: Winter Archaea; D: Summer archaea.
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Figure 6 Heat map analysis of correlation between physical and chemical factors and main microorganisms in
sediment of Longfeng wetland and Dangnai wetland. A: Bacteria; B: Archaea.
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